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HEARING CHARTER

COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

H.R. 3970, Green Chemistry
Research and Development Act of 2004

WEDNESDAY, MARCH 17, 2004
10:00 A.M.—12:00 P.M.
2318 RAYBURN HOUSE OFFICE BUILDING

1. Purpose

On Wednesday, March 17, 2004 the House Science Committee will hold a hearing
to examine federal and industry green chemistry research and development (R&D)
activities, and to receive testimony on H.R. 3970, the Green Chemistry Research and
Development Act of 2004. This bill would authorize a federal green chemistry R&D
program.

2. Witnesses

Dr. Arden Bement is the Acting Director of the National Science Foundation
(NSF) while continuing in his position as the Director of the National Institute of
Standards and Technology (NIST).

Dr. Paul Gilman is the Assistant Administrator for Research and Development at
the Environmental Protection Agency (EPA). He also serves as the Agency’s Science
Advisor.

Dr. Berkeley Cue is Vice President of Pharmaceutical Sciences at Pfizer Global
Research and Development. Pfizer, Inc. has established green chemistry teams at
its facilities throughout the world, and won a 2002 Presidential Green Chemistry
Challenge Award for the redesign of the sertraline manufacture process. Sertraline
is the active ingredient in Zoloft, which is used widely in the U.S. to treat depres-
sion. The new process improves worker and environmental safety, reduces energy
and water use, and doubles overall product yield.

Mr. Steven Bradfield is Vice President of Environmental Development at Shaw
Industries. Shaw Industries won a 2003 Presidential Green Chemistry Challenge
Award for the development of EcoWorx™ carpet tile. EcoWorx™ carpet tiles are
made from low toxicity feedstocks and are recyclable.

Dr. Edward Woodhouse is Associate Professor of Political Science in the Depart-
ment of Science & Technology Studies at Rensselaer Polytechnic Institute. Dr.
Woodhouse studies the social aspects of technological decision-making.

3. Overarching Questions

¢ How has—and how can—effective application of green chemistry products and
processes contributed to environmental protection and sustainability? What
are the costs associated with using green chemistry products and processes?

¢ How has private industry benefited from, and contributed to, green chemistry
breakthroughs? To what extent has private industry used green chemistry
products and processes? What are the primary barriers to increased develop-
ment and adoption of green chemistry products and processes, and how can
these barriers be removed?

¢ What is the current status of the Federal Government’s efforts in green chem-
istry R&D? Are expanded federal efforts and increased federal coordination
in green chemistry warranted?

¢ Does H.R. 3970 establish a program that will result in greater R&D break-
throughs and increased adoption of green chemistry? How can the legislation
be improved?

4. Brief Overview

¢ Green chemistry is the design of chemical products and processes that reduce
or eliminate the use or generation of hazardous substances. Green chemistry
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is a form of pollution prevention—preventing pollution rather than treating
emissions.

¢ A number of success stories have generated a great deal of excitement about
the significant potential of green chemistry for environmental and economic
benefit. Implementation of green chemistry at a Dow Chemical plant aimed
at increasing efficiency and instituting more recycling is showing a 174 per-
cent annual return on a one-time investment. However, even this highly tout-
ed example has not been repeated and adoption of green chemistry products
and processes by industry has been limited. Barriers to greater adoption in-
clude a workforce unfamiliar with green chemistry, a lack of existing and
demonstrated alternatives, the sometimes high capital costs of changing proc-
esses, a lack of regulatory drivers, and inertia.

¢ Federal support for green chemistry R&D has also been limited. The most no-
table effort is the joint-NSF/EPA Technology for a Sustainable Environment
(TSE) program. The program, which includes, but is not limited to, green
chemistry activities, awarded $11 million in R&D grants in fiscal years 2002—
03. Other agencies such as the Department of Energy (DOE) and NIST also
provide support for green chemistry.

« EPA also administers the Presidential Green Chemistry Challenge Awards
Program to recognize advances in and to promote green chemistry. Since
1996, this program has made 40 awards to businesses and academics that de-
velop technologies that incorporate the principles of green chemistry and that
have or can be used by industry. Both Pfizer, Inc. and Shaw Industries have
recently won this award.

¢« On March 16, 2004 Representative Phil Gingrey introduced H.R. 3970, the
Green Chemistry Research and Development Act of 2004. This legislation
would establish an Interagency Working Group to coordinate federal green
chemistry R&D activities and facilitate adoption of green chemistry by the
private sector. The bill would authorize funding for these activities (from
within existing authorizations) at NSF, EPA, NIST, and DOE through fiscal
year 2007.

5. Background

What is green chemistry?

Green chemistry is most commonly defined as chemistry and chemical engineering
that involves the design of chemical products and processes that reduce or eliminate
the use or generation of hazardous substances. It is sometimes characterized as “be-
nign by design” to emphasize that it is green intentionally. Also known as sustain-
able chemistry, benign chemistry, or source reduction, green chemistry seeks to pre-
vent the creation of hazards, instead of focusing on limiting the spread of pollutants
or cleaning up waste. Its practices are encapsulated in twelve generally accepted
guiding principles (Appendix I) that can be used by chemists to develop processes
and assess how green a process is.

Examples of green chemistry include the development of pesticide alternatives
that are effective at killing target organisms, but are benign to non-target orga-
nisms and do not persist in the environment. Another example is the use of the be-
nign solvent supercritical carbon dioxide in dry cleaning processes instead of toxic
perchloroethylene.

Pfizer and Shaw Industries provide good examples of the potential of green chem-
istry. Pfizer won a 2002 Presidential Green Chemistry Challenge Award for the re-
design of the sertraline manufacture process. Sertraline is the active ingredient in
Zoloft, which is used widely in the U.S. to treat depression. By applying green chem-
istry principles, Pfizer was able to eliminate 140 metric tons per year of titanium
tetrachloride, 100 metric tons per year of sodium hydroxide, 150 metric tons per
year of hydrochloric acid, and 440 metric tons per year of solid titanium oxide.
These changes improve worker and environmental safety, reduce energy and water
use, and double overall product yield. Shaw Industries won a 2003 Presidential
Green Chemistry Challenge Award for the development of EcoWorx™ carpet tile.
Historically, carpet tile backings have been manufactured using polyvinyl chloride
(PVC). PVC is made from toxic feedstocks and its combustion results in toxic by-
products such as dioxin and hydrochloric acid. EcoWorx™ carpet tiles are made
from low toxicity feedstocks and are recyclable.

What are the benefits of green chemistry?

Besides the inherent advantages to human health and the environment, green
chemistry can offer economic advantages and improvements to worker safety, public
safety, and national security.
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Many in the private sector have recognized the potential savings that green chem-
istry offers. For example, by using benign chemical processes, businesses can avoid
the costs associated with treating or cleaning up pollutants. Other savings can come
from simply making more efficient use of raw materials (sometimes referred to as
“atom economy”) and energy. Dow Chemical Company’s Midland, Michigan facility
is an example of the level of savings a company can achieve. In 1996 Dow partnered
with the Natural Resources Defense Council to conduct a thorough review of the fa-
cility’s processes to identify ways to implement more recycling and substitute benign
materials for hazardous ones. By April 1999, after a one-time investment of $3.1
million, the facility had reduced emissions of targeted substances by 43 percent and
the amount of targeted wastes by 37 percent primarily through green chemistry in-
novations. The improvements are saving Dow $5.4 million per year, a 174 percent
annual return on investment.! However, even though these benefits are clear, this
process has not been repeated widely by industry and not even by Dow itself. There
are many barriers to adoption of green chemistry that are discussed later. In this
case, one barrier was that even though the return on investment was good, Dow had
other investment opportunities that offered even greater returns.

Many other inherent advantages come from green chemistry in the areas of work-
er safety, public safety, and national security. For example, many chemical proc-
esses are conducted at extreme temperature and/or pressure, two conditions that
present a potential hazard for workers. Also, many processes involve toxic sub-
stances. Green chemistry seeks to design processes that can be conducted at or near
room temperature and pressure, and that use benign substances. Both of these steps
can improve working conditions for employees, and reduce the costs of liability pro-
tections for employers.

Chemical factories also pose a potential threat to public safety because of the pos-
sibility of an accidental release of toxic materials into the surrounding communities.
Green chemistry seeks to replace these toxic substances with benign ones, which
would not pose a threat to the public if accidentally released. Reducing the number
of toxic chemical plants and the transport of toxic chemicals also improves national
security by reducing the number of potential terrorist targets.

What barriers exist to greater adoption of green chemistry?

Despite the numerous potential advantages of green chemistry for the chemical
manufacturing industry, adoption of green chemistry technologies has been limited.
Significant impediments exist that discourage businesses from pursuing such alter-
natives. These include:

* A workforce unfamiliar with green chemistry—The existing chemical
manufacturing workforce is mainly composed of chemists and chemical engi-
neers that have little or no training in green chemistry techniques. Even
today, most graduate chemistry curricula give little attention to green chem-
istry. Without appropriate personnel trained in green chemistry, a company
may not know, or be able, to search for and implement green chemistry alter-
natives to their chemical processes.

¢ Lack of existing green chemistry alternatives—Green chemistry alter-
natives have not yet been designed for most of the chemical processes in use
today. Developing a green chemistry alternative might be prohibitively expen-
sive and time consuming, especially for companies that do not have extensive
R&D programs and when time to market is critical.

¢ Lack of demonstrated green chemistry alternatives—Even for the green
chemistry alternatives that do exist, many of them have not been proven in
an industrial setting. Few companies are willing to take the risk of being the
first to implement a new and unproven technology.

¢ Costs of up-front capital investment—U.S. companies have invested heav-
ily in existing infrastructure. Switching to green chemistry processes might
require this infrastructure to be extensively retooled, which could make
adopting green chemistry technologies initially very expensive. Even though
the process may be economical when costs are computed over the full life
cycle, many companies may be unwilling to pay the high up-front costs. This
is one reason why there is more green chemistry adoption in manufacturing
sectors that turn over their processes more frequently.

¢ Lack of regulatory drivers—Few governmental incentives exist for adop-
tion of green chemistry. Most environmental regulations sanction polluters,

1 Amato, Ivan, Fortune, New York: July 24, 2000, Vol. 142, Issue 3, pg. 270U.
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while few reward pollution prevention. The government could make adoption
of green chemistry more attractive by extending the patent life of green prod-
ucts or accelerating the approval of products that pose minimal hazard.

¢ Inertia—Perhaps the most important impediment to adopting green chem-
istry technologies is inertia within industry. For a company that already com-
plies with all existing environmental regulations, there is little impetus to
seek out and implement alternative processes. Additionally, few companies
offer incentives to employees that improve environmental performance. This
lack of motivation often means that only those companies that have made en-
vironmental sustainability a priority use green chemistry processes.

H.R. 3970 is designed to overcome some of these impediments. The bill would sup-
port undergraduate and graduate education in green chemistry. This should help
create a new generation of chemists and engineers who are familiar with green
chemistry and its advantages, and can bring those skills to bear in the workplace.

The coordinated R&D program would support R&D and demonstration projects at
universities, industry and federal labs, and make the results of these activities read-
ily available through a green chemistry database of accomplishments and best prac-
tices. This R&D would develop and demonstrate more green chemistry alternatives
that will be available for implementation by industry.

What is the Federal Government currently doing?

The Federal Government supports activities related to green chemistry through
agencies including NSF, EPA, DOE and NIST. In some cases, as with EPA, these
activities are focused directly on green chemistry. In other cases, such as with DOE,
these activities are byproducts of efforts to achieve other goals, such as improving
energy efficiency. Because some green chemistry investments are direct and some
are indirect, and because green chemistry is not broken out in agency budgets, it
is difficult to determine the exact federal investment in green chemistry.

However, it is clear that the investment in green chemistry and chemical engi-
neering is small as compared to the investment in chemistry and chemical engineer-
ing as a whole. In 2000, the four agencies mentioned above spent approximately
$540 million on chemistry and chemical engineering R&D; investment in green
chemistry R&D was probably close to $40 million. In addition, green chemistry ac-
tivities are not coordinated among the agencies.

Following is a table that indicates, in general, agency budgets for green chemistry
and chemical engineering activities. The table is followed by descriptions of how this
money is spent.

EPA NSF NIST DOE
FY04 funding $7 million $29 million $4 million | Does not track
FYO05 proposal $5 million No change No change | Does not track
Total Chemistry and $23 million | $186 million | $39 million | $292 million
Chemical Engineering
(2000)

EPA conducts two general types of activities in green chemistry. EPA conducts
and supports R&D through the Office of Research and Development; and EPA con-
ducts outreach and promotion through the Office of Pollution Prevention and Toxic
Substances (OPPTS).

In FY04, EPA will spend approximately $5 million on direct green chemistry and
chemical engineering R&D. The money comes out of a larger spending category,
called Pollution Prevention. Approximately half of this money is spent on internal
R&D, conducted at EPA’s lab in Cincinnati. The lab focuses on developing cross-cut-
ting tools for industry such as benign solvent design software. The other half of this
money funds external R&D, through the Science to Achieve Results (STAR) pro-
gram. As part of this program, EPA and NSF have developed a partnership, the
Technologies for a Sustainable Environment (TSE) program, which primarily funds
green chemistry and chemical engineering R&D.

The TSE program is the external R&D program most focused on green chemistry
in the Federal Government. The partnership between EPA and NSF has been hailed
as a model of cooperation. EPA and NSF put out a joint request for proposals, and
then award grants based on their own mission. NSF funds more basic green chem-
istry R&D, while EPA funds more applied R&D aimed at mission oriented problems.
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TSE was initiated in 1995 and has awarded 204 grants totaling just over $56 mil-
lion since then. In the FY05 budget, the Administration has proposed to cut EPA’s
funding for this program entirely.

EPA conducts outreach and promotes green chemistry (funded at approximately
$2 million in FY04) through OPPTS. OPPTS administers the Presidential Green
Chemistry Challenge Award Program. This award, first awarded in 1996 and given
annually, recognizes achievements in green chemistry. Appendix II includes a num-
ber of examples of green chemistry achievements that have been recognized by this
program. In FYO05, the Administration proposes to increase funding for pollution
prevention in OPPTS by $5 million. A portion of this funding will be used for green
chemistry activities, including expanding the focus of the awards program to ad-
dress existing and emerging chemical priorities.

Outside of the TSE collaboration with EPA; NSF does not put out specific solicita-
tions for green chemistry R&D, but funds a wide range of investigator-driven green
chemistry R&D. While NSF does not have a specific line item in the budget for
green chemistry activities, NSF estimates that in FY04 it will spend approximately
$10.8 million on green chemistry activities in the chemistry division and $13 million
on green chemistry activities in the chemical transport systems division. However,
it is difficult to determine the exact level of investment because much of this fund-
ing may be used for “multi purpose” fundamental research that has implications for
green chemistry and other research areas. It is not the intent of the Green Chem-
istry Research and Development Act to decrease NSF’s investment in green chem-
istry R&D; instead the bill seeks to focus more NSF funding specifically on R&D
that is intended to advance green chemistry.

DOE does not track spending on green chemistry activities, and does not conduct
activities that it specifically identifies as green chemistry. However, DOE conducts
R&D that has many green chemistry applications. DOE’s fundamental research ef-
forts in chemistry are focused on attaining an atomic and molecular level under-
standing of processes involved in the generation, storage, and use of energy.

NIST has R&D programs that are yielding green chemistry results. NIST’s mis-
sion is to develop and promote measurements, standards, and technology to enhance
productivity and improve the quality of life. Much of the R&D conducted within this
mission has green chemistry applications. For example, the Chemical Science and
Technology Laboratory produces more accurate measurement methods and stand-
ards to enable the development and implementation of green technologies and as-
sess its impact.

While the agencies above conduct a number of green chemistry-related R&D,
these efforts are small when compared to their overall R&D, and even the chemistry
and chemical engineering R&D budgets for these agencies. In addition, the efforts
are not coordinated and are not strategic in nature.

6. Summary of H.R. 3970

The Green Chemistry Research and Development Act would authorize an inter-
agency green chemistry R&D program. NSF and EPA would lead an Interagency
Working Group to coordinate federal green chemistry activities. The Working Group
would also include DOE and NIST, as well as any other agency the President des-
ignates. The program would be authorized at $26 million in FYO05 rising to $30 mil-
lion in FY07 (from within existing authorizations). See Appendix III for a break
down of funding by agency.

The Program would support R&D grants, including grants for university-industry
partnerships, support green chemistry R&D at federal labs, promote education
through curricula development and fellowships, and collect and disseminate infor-
mation about green chemistry. A complete section-by-section analysis of the legisla-
tion is provided in Appendix III.

7. Questions for the Witnesses

Questions for Dr. Bement

* Please describe the National Science Foundation’s (NSF’s) current activities
in green chemistry. How much does NSF spend on green chemistry research?
Through which NSF programs? How much emphasis is placed on basic re-
search versus applied research and development?

¢ To what extent does NSF coordinate and collaborate with other federal agen-
cies in green chemistry research and development?

¢ What are NSF’s views on H.R. 3970, the Green Chemistry Research and De-
velopment Act of 20042 How could the bill be improved?



Questions for Dr. Gilman

* Please describe the Environmental Protection Agency’s (EPA’s) current activi-
ties in green chemistry. How much does EPA spend on green chemistry re-
search? How much of this research is conducted intramurally versus
extramurally? How much emphasis is placed on basic research versus applied
research and development?

¢ To what extent does EPA coordinate and collaborate with other federal agen-
cies in green chemistry research and development?

¢« What are EPA’s views on H.R. 3970, the Green Chemistry Research and De-
velopment Act of 20042 How could the bill be improved?

Questions for Dr. Cue

¢ Please describe Pfizer, Inc.’s green chemistry activities. Have past invest-
ments in green chemistry paid off for Pfizer, Inc.? What environmental and
human health benefits have resulted from Pfizer, Inc.’s green chemistry ac-
tivities?

¢« What impediments exist that deter companies from pursuing green chemistry
solutions? What more can the Federal Government do to encourage adoption
of green chemistry products and processes?

¢ What are your views on H.R. 3970, the Green Chemistry Research and Devel-
opment Act of 20042 How could the bill be improved?

Questions for Mr. Bradfield

¢ Please describe Shaw Industries, Inc.’s green chemistry activities. Have past
investments in green chemistry paid off for Shaw Industries, Inc.? What envi-
ronmental and human health benefits have resulted from Shaw Industries,
Inc.’s green chemistry activities?

¢ What impediments exist that deter companies from pursuing green chemistry
solutions? What more can the Federal Government do to encourage adoption
of green chemistry products and processes?

¢« What are your views on H.R.3970, the Green Chemistry Research and Devel-
opment Act of 2004? How could the bill be improved?

Questions for Dr. Woodhouse

+« What is the potential of green chemistry products and processes to contribute
to environmental protection and sustainability?

¢ What are some of the reasons that chemists have for so long relied on “brown
chemistry”? What are the barriers to more rapid development and adoption
of green chemistry alternatives?

¢ What should the Federal Government do to accelerate development and adop-
tion of green chemistry products and processes?

¢« What are your views on H.R.3970, the Green Chemistry Research and Devel-
opment Act of 2004? How could the bill be improved?



Appendix I

10.

11.

12.

Twelve Principles of Green Chemistry2

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

formed.

. Synthetic methods should be designed to maximize the incorporation of all

materials used in the process into the final product.

. Wherever practicable, synthetic methodologies should be designed to use

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

. Chemical products should be designed to preserve efficacy of function while

reducing toxicity.

. The use of auxiliary substances (e.g., solvents, separation agents, etc.)

should be made unnecessary wherever possible and innocuous when used.

. Energy requirements should be recognized for their environmental and eco-

nomic impacts and should be minimized. Synthetic methods should be con-
ducted at ambient temperature and pressure.

. A raw material of feedstock should be renewable rather than depleting

wherever technically and economically practicable.

. Unnecessary derivatization (blocking group, protection/deprotection, tem-

porary modification of physical/chemical processes) should be avoided when-
ever possible.

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

reagents.

Chemical products should be designed so that at the end of their function
they do not persist in the environment and break down into innocuous deg-
radation products.

Analytical methodologies need to be further developed to allow for real-
time, in-process monitoring and control prior to the formation of hazardous
substances.

Substances 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.

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

Presidential Green Chemistry Challenge Award Winners

In 1995, the EPA initiated the Presidential Green Chemistry Challenge Award
program to recognize achievement in green chemistry. Each year since 1996, awards
have been given out in five categories: academic, small business, alternative syn-
thetic pathways, alternative solvents/reaction conditions, and designing safer chemi-
cals. Past winners have included:

.

.

.

Pfizer, Inc. developed a green chemistry approach to the manufacture of
setraline, the active ingredient in the anti-depressant Zoloft(l. The new,
streamlined process is accomplished in a single step instead of three, reduces
consumption of some raw materials by as much as 60 percent, and uses a sin-
gle, benign solvent instead of four. As a result, Pfizer, Inc. has improved
worker and environmental safety, reduced energy and water use, and doubled
overall product yield. (Alternative Synthetic Pathways Award, 2002)

Shaw Industries, Inc. developed a novel type of carpet tile backing made from
their EcoWorx™ compound. Traditional carpet tile backings are landfilled at
the end of their useful life. Also, the combustion of PVC backings, the most
commonly used carpet tile backings, produces toxic byproducts. EcoWorx™,
on the other hand, is made from low toxicity feedstocks and is recyclable. The
cost of collection, transportation, and recycling of EcoWorx™ carpet tile
backings is less than the cost of using virgin raw materials. (Designing Safer
Chemicals, 2003)

SC Fluids, Inc. developed a new technology to improve manufacturing proc-
esses in the semiconductor industry. The fabrication of integrated circuits cur-
rently generates an estimated four million gallons of wastewater and uses
thousands of gallons of corrosive chemicals and hazardous solvents per day.
Supercritical CO, Resist Remover (SCORR) technology offers a cost-effective
alternative by using supercritical CO; to strip resist from the silicon wafer.
SCORR outperforms conventional resist removal techniques in the areas of
waste minimization, water use, energy consumption, worker safety, feature
size compatibility, material compatibility, and cost. (Small Business Award,
2002)

Cargill Dow LLC developed a new family of polymers derived entirely from
annually renewable resources that is competitive on a cost and performance
basis with traditional plastics. Called NatureWorks™, it requires 20-50 per-
cent less fossil resources than comparable petroleum-based plastics, and is
fully biodegradable or recyclable. (Alternative Solvents/Reaction Conditions
Award, 2002)

Chemical Specialties, Inc developed an alternative wood preserving product
called ACQ. More than 95 percent of pressure-treated wood is currently pre-
served with a chemical known as CCA. To manufacture CCA, approximately
40 million pounds of arsenic and 64 million pounds of hexavalent chromium
(both probable carcinogens) are used. These chemicals may pose a risk to chil-
dren through contact with CCA-treated items such as playground equipment.
ACQ, however, does not contain arsenic or hexavalent chromium. Widespread
adoption of ACQ has the potential to nearly eliminate the use of arsenic in
the U.S., and would eliminate 64 million pounds of hexavelant chromium.
This would also avoid the risks associated with the production, transpor-
tation, use and disposal of these chemicals. (Designing Safer Chemicals
Award, 2002)

Biofine, Inc. developed a novel technique to convert biomass waste into lev-
ulinic acid and its derivatives. Biofine, Inc., in collaboration with the Depart-
ment of Energy, the New York State Energy Research and Development Au-
thority, and Biometics, Inc., developed a method to convert biomass waste, in-
cluding municipal solid waste, unrecyclable municipal waste paper, waste
wood, and agricultural residues, into levulinic acid and its derivatives, which
are marketable chemicals in many sectors. One full-scale commercial plant
could convert 1000 dry tons of waste per day into 160 million pounds per year
of product. (Small Business Award, 1999)

Professor Joseph M. DeSimone from the University of North Carolina at
Chapel Hill and North Carolina State University initiated a research program
aimed at dramatically advancing the solubility performance characteristics of
carbon dioxide (CO2). More than 30 billion pounds of organic and halogenated
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solvents are used each year that have a variety of negative impacts on the
workplace and the environment. CO, has long been recognized as an ideal
solvent, since it is nontoxic, nonflammable, safe to work with, energy efficient,
cost-effective, waste minimizing, and reusable. This work has applications in
the precision cleaning, medical device fabrication, garment care, and chemical
manufacturing and coating industries. (Academic Award, 1997)

BHC Company developed a new process for the manufacture of ibuprofen in
which virtually all starting materials are either converted to product or are
recovered and recycled. Using this process, the generation of waste is all but
eliminated. This process has been hailed as a model of source reduction. (Al-
ternative Synthetic Pathways Award, 1997)
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Appendix ITT

Section-by-Section Analysis of H.R. 3970, Green Chemistry
Research and Development Act of 2004

Sec. 1. Short Title
“Green Chemistry Research and Development Act of 2004”
Sec. 2. Definitions
Defines terms used in the text.
Sec. 3. Green Chemistry Research and Development Program

Establishes an interagency research and development (R&D) program to promote
and coordinate federal green chemistry research, development, demonstration, edu-
cation, and technology transfer activities. The program will provide sustained sup-
port for green chemistry R&D through merit-reviewed competitive grants to re-
searchers, teams of researchers, and university-industry R&D partnerships, and
through R&D conducted at federal laboratories.

The program will provide support for, and encouragement of, the application of
green chemistry through encouragement of consideration of green chemistry in all
federally-funded chemical science and engineering R&D; examination of methods to
create incentives for the use of green chemistry; promotion of the education and
training of undergraduate and graduate students in green chemistry; collection and
dissemination of information on green chemistry R&D and technology transfer; and
provision of venues for outreach and dissemination of green chemistry advances
such as symposia, forums, conferences, and written materials.

Establishes an interagency working group composed of representatives from the
National Science Foundation, the National Institute for Standards and Technology,
the Department of Energy, the Environmental Protection Agency, and any other
agency that the President may designate, to oversee the planning, management, and
coordination of all federal green chemistry R&D activities. Names the Director of
the National Science Foundation and the Assistant Administrator for R&D at the
Environmental Protection Agency as co-chairs and requires the group to establish
goals and priorities for the program and provide for interagency coordination, in-
cluding budget coordination. Requires the group to submit a report to the Com-
mittee on Science of the House of Representatives and the Committee on Commerce,
Science and Transportation of the Senate within two years that includes a summary
of federally-funded green chemistry activities and an analysis of the progress made
towards the goals and priorities established for the program, including recommenda-
tions for future program activities.

Sec. 4. Authorization of Appropriations

Authorizes appropriations for green chemistry R&D programs, from sums already
authorized to be appropriated, at the National Science Foundation, the National In-
stitute of Standards and Technology, the Department of Energy, and the Environ-
mental Protection Agency.

Agency FYO0S5 (millions $)[FY08 (millions $)FYO7 (millions §)
NSF 7 7.5 8
NIST 5 5.5 6
DOE 7 75 8
EPA 7 7.5 8
Total 26 28 30

From sums already authorized to be appropriated for each of the agencies.
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Chairman BOEHLERT. Good morning. I want to welcome everyone
here today for our hearing on green chemistry, and I want to thank
our colleague, Dr. Gingrey, for introducing the bill that will in-
crease the focus of Congress, and, we hope, the Executive Branch,
on this important and exciting area of research.

We scheduled our green chemistry hearing for today because it
seemed like an especially appropriate topic for St. Patrick’s Day,
but it is really a timely subject, indeed a pressing subject, any day
of the year.

While it is certainly true, to paraphrase the old adage, that with-
out green chemistry, most of us—most of what we take for granted
in modern life would be impossible. It is also true that chemicals
compose a threat to life, and we are discovering more threats all
of the time.

But many of those threats could be lessened and avoided entirely
if we focused more of our research on green chemistry, on chem-
istry that reduces or eliminates the use of toxic substances and the
generation of toxic byproducts. And the good news is that green
chemistry solutions can also save companies money and give them
a competitive edge, in addition to protecting the environment and
workers. That all is very appropriate. Green chemistry can result
in green cash as well as a green environment. It is the ultimate
“win-win strategy.” And I would direct your attention to our Direc-
tor of Communications, who, appropriately, is dressed in green.

At least it is potentially. While the government and some compa-
nies have small and scattered efforts in green chemistry, it is rare-
ly a central focus. That has to change.

And that will change only if the government takes action. The in-
sufficient research in and application of green chemistry is a text-
book example of market failure. Green chemistry has broad public
benefits, but the market can not supply adequate incentives for the
private sector to invest enough in it. The problems green chemistry
solves are externalities, problems like pollution that have costs
that are borne by the public at large rather than by their source.
And inertia alone is enough to slow investment in new products
and processes.

So Dr. Gingrey’s bill takes a sensible and targeted approach. It
says, “Let us focus more of the millions of the dollars the govern-
ment already invests in chemistry research and development on
green chemistry. And let us train more young scientists in this
field. And let us make working on green chemistry R&D a con-
scious effort with an explicit budget.” It is awfully hard to argue
with that.

And indeed, we don’t hear much argument. The bill has already
been endorsed by the American Chemical Society, and industry is
starting to line up behind it.

The Administration will tell us today that green chemistry is
great, but we really don’t need a bill. But that is what every Ad-
ministration tells every Congress about just about every bill. I don’t
think we will be dissuaded by the traditional, “Don’t worry; we
have already got that covered,” line of argument. Maybe green
chemistry can develop a way to make Article I of the Constitution
more indelible to Executive Branch readers.
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So we look forward to reporting out this bill within the next
month, and we hope for a time when the announcement of the
Green Chemistry awards will be a red-letter day on everyone’s cal-
endar. Then we will really be able to achieve better living through
chemistry. And I yield to—the balance of my time to the author of
this legislation, Dr. Gingrey.

[The prepared statement of Chairman Boehlert follows:]

PREPARED STATEMENT OF CHAIRMAN SHERWOOD BOEHLERT

I want to welcome everyone here today for our hearing on green chemistry, and
I want to thank our colleague, Dr. Gingrey, for introducing the bill that will increase
the focus of the Congress—and, we hope, the Executive Branch—on this important
and exciting area of research.

We scheduled our green chemistry hearing for today because it seemed like an
especially appropriate topic for St. Patrick’s Day, but it is really a timely subject—
indeed a pressing subject—any day of the year.

While it is certainly true—to paraphrase the old ads—that, without chemistry,
most of what we take for granted in modern life would be impossible; it’s also true
that chemicals can pose a threat to life—and we’re discovering more threats all the
time.

But many of those threats could be lessened or avoided entirely if we focused
more of our research on green chemistry—on chemistry that reduces or eliminates
the use of toxic substances and the generation of toxic byproducts. And the good
news is that green chemistry solutions can also save companies money and give
them a competitive edge in addition to protecting the environment and workers.
Green chemistry can result in green cash as well as a green environment. It’s the
ultimate “win-win strategy.”

At least it is potentially. While the government and some companies have small
a}rlld scattered efforts in green chemistry, it’s rarely a central focus. That has to
change.

And that will change only if the government takes action. The insufficient re-
search in, and application of green chemistry is a textbook case of market failure.
Green chemistry has broad public benefits but the market cannot supply adequate
incentives for the private sector to invest enough in it. The problems green chem-
istry solves are externalities—problems like pollution that have costs that are borne
by the public at large rather than by their source. And inertia alone is enough to
slow investment in new products and processes.

So Dr. Gingrey’s bill takes a sensible and targeted approach. It says, “Let’s focus
more of the millions of dollars the government already invests in chemistry research
and development (R&D) on green chemistry. And let’s train more young scientists
in this field. And let’s make working on green chemistry R&D a conscious effort
with an explicit budget.” Awfully hard to argue with.

And indeed we don’t hear much argument. The bill has already been endorsed by
the American Chemical Society, and industry is starting to line up behind it.

The Administration will tell us today that green chemistry is great, but we really
don’t need a bill. But that’'s what every Administration tells every Congress about
just about every bill. I don’t think we’ll be dissuaded by the traditional, “Don’t
worry, we've already got that covered” line of argument. Maybe green chemistry can
develop a way to make Article I of the Constitution more indelible to Executive
Branch readers.

So we look forward to reporting out this bill within the next month, and we hope
for a time when the announcement of the Green Chemistry awards will be a red-
letter day on everyone’s calendar. Then, we’ll really be able to achieve “better living
through chemistry.” I yield the balance of my time to Dr. Gingrey.

Mr. GINGREY. I thank the Chairman for yielding, and I want to
first start off by thanking all, and certainly—and especially our
panel of witnesses for being here today. I am looking forward to
all—hearing your testimony. I wanted to also thank Chairman
Boehlert and Ranking Member Gordon for holding this important
hearing on green chemistry.

As a physician, I am a big believer in that old adage, “An ounce
of prevention is worth a pound of cure.” The majority of environ-
mental protection laws passed by Congress focus on limiting the
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spread of pollutants, cleaning up waste, or assessing fines to pol-
luters. We should be devoting more effort toward finding ways to
prevent pollution in the first place rather than cleaning it up after
it has been created. The Green Chemistry Research and Develop-
ment Act of 2004 does just that.

As a Chemistry major, trained in traditional chemistry, or what
some have come to call “brown chemistry,” I am very excited about
the potential economic, environmental, and national security bene-
fits from the emerging field of green chemistry. Preventing pollu-
tion and waste in the first place is often cheaper than mitigating
and cleaning it up later, and the development of new products and
processes will help spur economic growth. Green chemistry aims to
design processes that can be conducted at or near room tempera-
ture and pressure and that use benign materials, decreasing the
present risks for workers, while the replacement of toxic sub-
stances with safe ones reduces the potential threat to public safety
due to accidental release. In our post-9/11 world, the reduction of
the number of toxic chemical locations and the transport of toxic
chemicals also improves national security by reducing the number
of potential terrorist attacks and targets.

Yet despite all of the promise of green chemistry, the Federal
Government invests very little, very little in this area. The Green
Chemistry Research and Development Act establishes an inter-
agency research and development program to promote and coordi-
nate federal green chemistry research, development, demonstra-
tion, education, and technology transfer activities. I think that this
bill provides modest and prudent funding in an area that deserves
greater federal attention. I look forward to receiving the testi-
monies and engaging in dialogue on this very important area.

Mr. Chairman, I thank you, and I yield back the balance of my
time.

[The prepared statement of Mr. Gingrey follows:]

PREPARED STATEMENT OF REPRESENTATIVE PHIL GINGREY

I thank the Chairman for yielding. I want to first start off by thanking all and
our panel of witnesses for being here today, I'm looking forward to hearing your tes-
timonies. I wanted to also thank Chairman Boehlert and Ranking Member Gordon
for holding this important hearing on green chemistry.

As a physician, I'm a big believer in the old adage, ‘an ounce of prevention is
worth a pound of cure.’” The majority of environmental protection laws passed by
Congress focus on limiting the spread of pollutants, cleaning up waste, or assessing
fines to polluters. We should be devoting more effort toward finding ways to prevent
pollution in the first place rather than cleaning it up after it’s been created. The
Green Chemistry Research and Development Act of 2004 does just that.

As a Chemistry major, trained in traditional chemistry, or what some have come
to call ‘Brown Chemistry,” I am very excited about the potential economic, environ-
mental, and national security benefits from the emerging field of Green Chemistry.
Preventing pollution and waste in the first place is often cheaper than mitigating
and cleaning it up later, and the development of new products and processes will
help spur economic growth. Green chemistry aims to design processes that can be
conducted at or near room temperature and pressure, and that use benign mate-
rials, decreasing the present risk for workers; while the replacement of toxic sub-
stances with safe ones reduces the potential threat to public safety due to accidental
release. In our post-9/11 world, the reduction of the number of toxic chemical loca-
tions and the transport of toxic chemicals also improves national security by reduc-
ing the number of potential terrorist targets.

Yet despite all of the promise of green chemistry, the Federal Government invests
very little in this area. The Green Chemistry Research and Development Act estab-
lishes an interagency research and development program to promote and coordinate
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federal green chemistry research, development, demonstration, education, and tech-
nology transfer activities. I think that this bill provides modest and prudent funding
in an area that deserves greater federal attention. I look forward to receiving the
testimonies and engaging in dialogue on this important area.

Thank you Mr. Chairman and I yield back my time.

Chairman BOEHLERT. Thank you very much, Dr. Gingrey. And
let me once again commend you for your leadership in this effort.
That is the type of thing we have come to expect from the Members
of this committee. We are at the forefront of so many things, and
we are glad to be there once again.

The Chair is now pleased to recognize the distinguished Ranking
Member of the Full Committee, Dr.—Mr. Gordon. I was going to
give you a doctorate, too, Bart. You have had a few honoraries.

Mr. GOrDON. Thank you, Mr. Chairman, and thanks for calling
this important hearing. I concur with you that our goal here is to
raise the awareness of the public and the Administration, and I
think that this bill is a good start. Our champion on this side has
been Ms. Johnson, who has taken a lead in this issue. And I would
like to yield the balance of my time to her.

Chairman BOEHLERT. Before she takes the microphone, just let
me commend Ms. Johnson, too, because it is her leadership, com-
bined with Dr. Gingrey, working as a team, bipartisan, across the
center aisle, that is making this happen. And I want to thank her
for her leadership.

Ms. JOHNSON. Thank you very much, Mr. Chairman. And thank
you, too, Ranking Member Gordon, for giving me this opportunity
to speak on an issue that is so important to me.

Frequently, we, as legislators, preach about how we want to
make this world a better place for those who are to follow. I, for
one, want to help create a better planet, not only for the sake of
my beloved grandchildren, but for all future generations.

Imagine a policy that can help clean the environment by increas-
ing the use of renewable fuels, encourage manufacturing processes
that generate less toxic waste and promote the development of ma-
terials which can be easily recycled. These are the goals of green
chemistry. And this bill is an aggressive first step in reaching these
goals. I am so pleased that my colleague, Congressman Gingrey,
has introduced the Green Chemistry Research and Development Act
of 2004, and I am proud to be an original cosponsor of this legisla-
tion.

Green chemistry is the utilization of a set of principles that re-
duces or eliminates the use or generation of hazardous substances
in the design, manufacture, and application of chemical products.
Green chemistry, as defined, tries to get at eliminating hazards in
products and processes, making workplaces safer, dropping costs
associated with safety and hazardous waste disposal, reducing
risks to homeland security, preventing pollution, and creating
healthier products that are effective and desirable. It is especially
helpful in agriculture in conventional and organic crops. It has the
capability of saving companies millions of dollars by reducing waste
and providing a higher rate of return.

Over the past decade, there has been increasing interest in a
fundamentally new approach to environmental protection. In study-
ing green chemistry, we realize that science and technology can
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help produce processes and products that are both more environ-
mentally benign and economically attractive.

An increased interest in new approaches for environmental pro-
tection may also derive, in part, from significantly changed atti-
tudes about the environment over the past few decades. Increasing
numbers of corporate executives may begin to see environmental
protection as an important part of their corporate responsibility.
Many firms now see an increased environmental consciousness as
offering the potential for market niches that can emphasize the en-
vironmental benefits of products and services.

That is why I am so excited about our discussion of this legisla-
tion today. Although there is more work that can be done to
strengthen this legislation, it still provides just the right impetus
to encourage the science and manufacturing communities to start
in the right direction, not only because green chemistry can save
them money now, in the short term, but because it also can save
our planet in the long term.

Thank you, Mr. Chairman, and I yield.

[The prepared statement of Ms. Johnson follows:]

PREPARED STATEMENT OF REPRESENTATIVE EDDIE BERNICE JOHNSON

Thank you, Mr. Chairman. And thank you too, Ranking Member Gordon, for giv-
ing me this opportunity to speak on an issue that is so important to me.

Frequently, we as legislators preach about how we want to make this world a bet-
ter place for those who are to follow. I for one want to help create a better planet
not only for the sake of my beloved grandchildren, but for all future generations.

Imagine a policy that can help clean the environment by increasing the use of re-
newable fuels, encourage manufacturing processes that generate less toxic waste,
and promote the development of materials which can be easily recycled. These are
the goals of Green Chemistry. And this bill is an aggressive first step in reaching
these goals. I am so pleased that my colleague, Congressman Gingrey, has intro-
duced the Green Chemistry Research and Development Act of 2004, and I am proud
to be an original co-sponsor of this legislation.

Green Chemistry is the utilization of a set of principles that reduces or eliminates
the use or generation of hazardous substances in the design, manufacture and appli-
cation of chemical products. Green chemistry as defined tries to get at eliminating
hazards in products and processes, making workplaces safer, dropping costs associ-
ated with safety and hazardous waste disposal, reducing risks to homeland security,
preventing pollution and creating healthier products that are effective and desir-
able. It is especially helpful in agriculture in conventional and organic crops. It has
the capability of saving companies millions of dollars by reducing waste and pro-
viding a higher rate of return.

Over the past decade, there has been increasing interest in a fundamentally new
approach to environmental protection. In studying Green Chemistry we realize that
science and technology can help produce processes and products that are both more
environmentally benign and economically attractive.

An increased interest in new approaches for environmental protection may also
derive in part from significantly changed attitudes about the environment over the
past few decades. Increasing numbers of corporate executives may begin to see envi-
ronmental protection as an important part of their corporate responsibility. Many
firms now see an increased environmental consciousness as offering the potential for
market niches that emphasize the environmental benefits of products and services.

That is why I am so excited about our discussion of this legislation today. Al-
though there is more work that can be done to strengthen this legislation, it still
provides just the right impetus to encourage the science and manufacturing commu-
nities to start in the right direction. Not only because Green Chemistry can save
them money now in the short-term, but because it can also save our planet in the
long-term.

[The prepared statement of Mr. Smith follows:]
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PREPARED STATEMENT OF REPRESENTATIVE NICK SMITH

Today we meet to review the Green Chemistry Research and Development Act of
2004. The legislation establishes a modest interagency green chemistry R&D pro-
gram at the National Science Foundation, Environmental Protection Agency, De-
partment of Energy, and National Institute of Standards and Technology.

Green chemistry is defined as “the utilization of a set of principles that reduces
or eliminates the use or generation of hazardous substances in the design, manufac-
ture and application of chemical products.” It is a relatively new term that describes
relatively old ideas regarding our application of chemistry and related technologies
to protect the environment. Today we actively think of such technologies as “green,”
and actively think “green” when applying these technologies.

By almost every indicator, the environment in the United States is substantially
better than it has been at any time over the last thirty years. For example, emis-
sions of chemicals such as nitrogen oxides from automobiles and mercury from
power plants have decreased significantly. Drinking water is cleaner, and we're re-
leasing much lower quantities of toxic chemicals into the environment in general.
We have achieved all of this in concert with rapid population and economic growth.

How have we had such great success improving the environment? To be sure, sen-
sible regulations and increased public awareness have been important overall con-
tributors. But if I had to give an award to the single most important factor respon-
sible for the clean environment in America today, it would be technology.

Technological advancement and information allows us to minimize wastes, im-
prove efficiencies, and address nearly any environmental problem. So-called green
chemistry is an important piece in this effort. As a farmer, I have to be tested and
licensed to handle pesticides for the growing of crops. Thanks to our improved un-
derstanding and application of green chemistry, the safety of the chemicals I use
on the farm has improved dramatically during the last 25 years.

Still, there is much room for improvement. We continue to have a problem with
environmentally toxic chemicals in many industries. For example, in agriculture, we
are searching for safer alternatives to potential environmental hazards such as
Atrazine and Methyl Bromide. Green chemistry provides a fresh and different ap-
proach to addressing these ongoing environmental challenges.

Too often, we romance about the environmental benefits of regulations and other
environmentally benign practices without regard to their impact on businesses and
the economy. That approach is shortsighted, especially in today’s globally competi-
tive environment where even the most minor misguided regulation can drive entire
industries overseas. With it’s potential to provide non-regulatory, economically com-
petitive solutions to some of today’s most pressing environmental challenges, green
chemistry can be a win-win approach to what is all too often a lose-lose situation.

To that end, the Federal Government can play an important role in stimulating
green chemistry advances that are otherwise too risky and expensive for industry
to undertake. The legislation before us today outlines that role and will hopefully
move us closer to a broader goal I think we all share: economically friendly environ-
mental protection through science, technology, and the dissemination of information.

I look forward to today’s discussion.

[The prepared statement of Mr. Costello follows:]

PREPARED STATEMENT OF REPRESENTATIVE JERRY F. COSTELLO

Good morning. I want to thank the witnesses for appearing before our committee
to examine federal and industry green chemistry research and development activi-
ties and to receive testimony on the Green Chemistry Research and Development Act
of 2004.

Green chemistry is the use of chemistry for pollution prevention. More specifi-
cally, green chemistry is the design of chemical products and processes that reduce
or eliminate the use and generation of hazardous substances.

Private industry has benefited from and contributed to green chemistry efforts.
Pfizer and Shaw Industries should be commended for their work in this area. How-
ever, barriers to greater adoption of green chemistry products and processes by in-
dustry include a workforce unfamiliar with green chemistry, a lack of existing and
demonstrated alternatives, the high capital costs of changing processes, and inertia.

I am interested to know about the current status of the Federal Government’s ef-
forts in green chemistry research and development and if efforts are underway to
alleviate some of the above mentioned barriers. While agencies have conducted nu-
merous green chemistry related R&D, these efforts are small, not coordinated and
strategic in nature. Further, I am interested to know if expanded federal efforts and
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increased coordination in green chemistry is warranted and if so, how this legisla-
tion would further the effort.
I welcome our panel of witnesses and look forward to their testimony.

[The prepared statement of Ms. Jackson Lee follows:]

PREPARED STATEMENT OF REPRESENTATIVE SHEILA JACKSON LEE

Mr. Chairman,

Thank you for calling this timely hearing to discuss the importance of “green
chemistry” and the federal investment in that important subject. I commend my col-
league from Georgia, Dr. Gingrey, for authoring a bill that may help focus some of
our attention on the need to encourage our schools, and labs, and industries to work
toward protecting and preserving our environment.

I also welcome this distinguished panel. I thank you all for taking the time to be
here today, to share your views on green chemistry and this bill.

I assume that everyone in this room is “for” green chemistry. It only makes sense
that if there are two ways to do something—a harmful way and a non-harmful
way—we would all want to choose the non-harmful way. And assuming we agree
that it is a responsibility of the Federal Government to stimulate research and in-
vestment in areas that could have a beneficial impact on our nation, I believe we
would all agree that we should focus some of the Nation’s research energies on
green chemistry.

The questions are: how much of our resources should be allocated to program, and
where should they come from? These are especially tough questions in a budget en-
vironment like the one we have today. Massive tax cuts for the rich and a violent
and expensive foreign policy have left us with little money left to fund critical pro-
grams.

The President’s latest budget has slashed dozens of research and education pro-
grams. I have been very pleased with the bold leadership of the Chairman and
Ranking Member of this Science Committee, pointing out that under-investing in
science and technology is a grave error. It could jeopardize our position at the front
of the world economy, and cost us jobs galore. I feel we need to find money to make
investments in growth industries, and green chemistry certainly qualifies.

I am concerned, however, that the bill we are discussing, although well-inten-
tioned, may not make the necessary improvement of investment in the field. Be-
cause the bill only draw from funds that have been previously authorized, existing
programs will have to be cannibalized, or simply renamed to fit the “green chem-
istry” label. As important as green chemistry is, I would hate to see it come at the
expense of programs at NIST or DOE that we have been fighting for years. Some
of the programs that are to be incorporated into the green chemistry initiative have
not even been re-authorized in years, further confusing the matter of funding.

Again, I am a firm supporter of green chemistry. It holds great promise for allow-
ing our economy and standard of living to grow, while protecting our environment.
However, I look forward to a serious discussion of how it will be funded, and what
the bill we are discussing will accomplish.

Thank you.

Chairman BOEHLERT. Thank you very much.

Our witness list today, the sole panel we have, is Dr. Arden
Bement, Acting Director, National Science Foundation, and a fre-
quent visitor here.

Dr. BEMENT. Thank you, sir.

Chairman BOEHLERT. Dr. Paul Gilman, Assistant Administrator
for Research and Development, Environmental Protection Agency.
And let me commend Dr. Gilman and the Governor for the state-
ment issued yesterday on mercury. Dr. Berkeley Cue, Vice Presi-
dent of Pharmaceutical Sciences, Pfizer Global Research and Devel-
opment. Dr. Cue, good to have you here. Mr. Steven Bradfield, Vice
President of Environmental Development, Shaw Industries, Incor-
porated. Mr. Bradfield. And Dr. Edward Woodhouse, Associate Pro-
fessor of Political Science, Department of Science & Technology
Studies at that great institution, Rensselaer Polytechnic Institute.
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It is a pleasure to have all of you here. We would ask that you
try to summarize your statement in approximately five minutes.
The Chair will not be arbitrary, because we really want to hear
what you have to say, but we also want the advantage of a dia-
logue between Members and the panel, and I would advise all that
your statements will appear in the record in their entirety.

Dr. Bement.

STATEMENT OF DR. ARDEN L. BEMENT, JR., ACTING
DIRECTOR, NATIONAL SCIENCE FOUNDATION

Dr. BEMENT. Thank you, Mr. Chairman. Good morning to you, to
Ranking Member Gordon and Members of the Committee. I am
pleased to have the opportunity to testify before you this morning
on the National Science Foundation’s support of research on green
chemistry and engineering, and specifically on the legislation under
consideration by the Committee.

Green chemistry and engineering are critical components of a
comprehensive approach to manufacturing, an approach that con-
siders not just the desired product, but the feedstocks, energy costs,
purification procedures, and environmental impact associated with
making the product.

Over the past dozen years, the National Science Foundation,
principally through the Division of Chemical and Transport Sys-
tems and the Division of Chemistry, has been investing in basic re-
search that supports this holistic view of what might be called “the
molecular economy.” Through existing partnerships with the Envi-
ronmental Protection Agency, the Department of Energy, and the
National Institute of Standards and Technology, NSF has been
leveraging its investments in green chemistry and engineering for
almost a decade.

In 1991, NSF announced a joint program in Environmentally Be-
nign Chemical Synthesis and Processing, whose goal was to reduce
the environmental footprint of manufacturing processes while
maintaining economic competitiveness. In 1994, a Memorandum of
Understanding was signed between NSF and EPA that had three
components, one of which was a program to support Technology for
a Sustainable Environment.

The current NSF investments in green chemistry and engineer-
ing are approximately $11 million per year in the Division of
Chemistry, and $13 million per year in the Division of Chemical
and Transport Systems. Areas of support include chemical syn-
thesis, catalysis, separations research, and environmental research.
Advances in chemical synthesis provide new products and alter-
native chemical routes to existing products that minimize or elimi-
nate potentially harmful byproducts. New catalysts can be used to
accelerate desired reactions, lower the energy costs associated with
them, and reduce their hazards and environmental impact. Separa-
tions research can lead to more environmentally friendly and cost-
effective methods for purifying chemical feedstocks and products.

NSF funding supports both individual investigators and multi-in-
vestigator interdisciplinary teams of researchers working on green
chemistry and engineering projects. A number of young investiga-
tors supported through NSF’s CAREER program have projects re-
lated to green chemistry and engineering. Adding value to NSF
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awards in these areas is a Memorandum of Understanding with
NIST under which NSF awardees may apply for supplements that
enable them to travel to NIST and take advantage of NIST facili-
ties and expertise.

An example of a team approach to green chemistry and engineer-
ing is the Science and Technology Center for Environmentally Re-
sponsible Solvents and Processes, based at the University of North
Carolina at Chapel Hill. The center has pioneered the industrial
use of carbon dioxide as a reaction medium, thereby avoiding pro-
duction, use, and subsequent release into the environment of con-
taminated water, volatile organic solvents, chlorofluorocarbons, and
other noxious pollutants. DuPont has recently invested in the con-
struction of a plant in North Carolina to use this technology in the
manufacture of materials like Teflon. Research supported at this
center has also yielded new, less hazardous dry cleaning tech-
nologies, and this research is being extended to process applica-
tions for the microelectronics industry.

Current manufacturing processes in the semiconductor industry
involve toxic solvents, poisonous metals, and corrosive chemicals.
The NSF Engineering Research Center on Environmentally Benign
Semiconductor Processing, based at the University of Arizona with
partners at Stanford University and MIT, is developing alternative
technologies that both substitute safer materials in the production
of semiconductor devices and minimize waste and water use. This
Center has demonstrated the use of high-pressure carbon dioxide
as a green solvent, and it has developed improved methods for
water purification and recycling. In the past five years, this Center
has spawned four new start-up companies that are commercializing
their novel, environmentally friendly technologies.

Mr. Chairman, I would like now to briefly comment on the draft
Green Chemistry Research and Development Act of 2004. As I men-
tioned earlier, NSF and the Environmental Protection Agency have
an ongoing, sustainable environmental program that appears to be
meeting many of the goals of this bill. NSF has worked with both
the Department of Energy and NIST in this area, as well. So we
are in complete agreement on the value of research and processes
and products that reduce the generation or use of hazardous sub-
stances. And I might add that my visit last night with the bright,
young people in the Intel Science Award Program introduced me to
at least two or three that are very active in this field, and I was
very heartened by that. Although we welcome congressional atten-
tion and oversight in this area, we are always concerned about the
unintended consequences of codifying research programs into law.
While we look forward to working with the Committee to imple-
ment the goals of this legislation, the Administration believes that
it is unnecessary to enact this legislation at this time.

Thank you for this opportunity to testify on a topic of great im-
portance to the science and engineering community, to the econ-
omy, and to the environment, and I would be pleased to respond
to any questions that you might have.

[The prepared statement of Dr. Bement follows:]
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PREPARED STATEMENT OF ARDEN L. BEMENT, JR.

Good morning, Mr. Chairman and Members of the Committee. I am pleased to
have the opportunity to testify before you this morning on the National Science
Foundation’s support of research on green chemistry and engineering, and specifi-
cally on the legislation under consideration by the Committee.

Green chemistry and engineering are critical components of a comprehensive ap-
proach to manufacturing—an approach that considers not just the desired product,
but the feedstocks, energy costs, purification procedures, and environmental impact
associated with making the product.

Over the past dozen years, the National Science Foundation (NSF), principally
through the Division of Chemical and Transport Systems and the Division of Chem-
istry, has been investing in basic research that supports this holistic view of what
might be called “the molecular economy.” This approach integrates manufacturing
with environmental considerations. Through existing partnerships with the Environ-
mental Protection Agency (EPA), Department of Energy (DOE) and the National In-
stitute of Standards and Technology (NIST), NSF has been leveraging its invest-
ments in green chemistry and engineering for almost a decade.

Beginning in 1991, the two NSF divisions announced a joint program in Environ-
mentally Benign Chemical Synthesis and Processing, whose goal was to reduce the
environmental footprint of manufacturing processes while maintaining economic
competitiveness. In 1994, a Memorandum of Understanding (MOU) was signed be-
tween NSF and the EPA that had three components, one of which was a program
to support Technology for a Sustainable Environment (TSE). The TSE program,
launched in 1995 and administered nearly annually since then, will be formally re-
viewed in May, 2004. In addition, some components of Biocomplexity in the Environ-
ment, an NSF Priority Area, support studies of the use of resources and pollutant
transport in the environment.

The current NSF investments in green chemistry and engineering are approxi-
mately $11 million per year in the Division of Chemistry and $13 million per year
in the Division of Chemical and Transport Systems. Areas of support include chem-
ical synthesis, catalysis, separations research, and environmental research. Ad-
vances in chemical synthesis provide new products and alternative chemical routes
to existing products that minimize or eliminate potentially harmful byproducts. New
catalysts can be used to accelerate desired reactions, lower the energy costs associ-
ated with them, and reduce their hazards and environmental impact. Separations
research can lead to more environmentally friendly and cost-effective methods for
purifying chemical feedstocks and products. The design of green manufacturing
processes is guided by NSF-supported basic research that characterizes the fate of
molecular species in the environment through experimental, theoretical, modeling
and simulation studies.

NSF funding supports both individual investigators and multi-investigator, inter-
disciplinary teams of researchers working on green chemistry and engineering
projects. Projects typically include undergraduate and graduate students and
postdoctoral research associates, who are trained through these awards. A number
of young investigators supported through NSF’'s CAREER program have projects re-
lated to green chemistry and engineering. Adding value to NSF awards in these
areas is an MOU with NIST under which NSF awardees may apply for supplements
that enable them to travel to NIST to take advantage of NIST facilities and exper-
tise.

An example of a team approach to green chemistry and engineering is the Science
and Technology Center for Environmentally Responsible Solvents and Processes,
based at the University of North Carolina at Chapel Hill (Partners include North
Carolina State University, North Carolina A&T University, the University of Texas
at Austin, Georgia Institute of Technology, and a large number of industrial affili-
ates). Research at this center has already led to new green manufacturing processes.
For example, the center has pioneered the industrial use of carbon dioxide as a reac-
tion medium, thereby avoiding production, use and subsequent release into our envi-
ronment of contaminated water, volatile organic solvents, chlorofluorocarbons and
other noxious pollutants. DuPont has recently invested in the construction of a plant
in North Carolina to use this technology in the manufacture of materials like Tef-
lon[. Research supported at this center has also yielded new, less hazardous dry
cleaning technologies and this research is being extended to process applications for
the microelectronics industry.

For example, current manufacturing processes in the semiconductor industry in-
volve toxic solvents, poisonous metals, and corrosive chemicals. The NSF Engineer-
ing Research Center (ERC) on Environmentally Benign Semiconductor Processing,
based at the University of Arizona with partners at Stanford University and MIT,
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is developing alternative technologies that both substitute safer materials in produc-
tion of semiconductor devices and minimize waste and water use. This Center has
demonstrated the use of high-pressure carbon dioxide as a green solvent in
microchip fabrication and has developed improved methods for water purification
and recycling. One of the young faculty members at Arizona was recognized this
year as one of Scientific American’s 50 most influential researchers. In the past five
years this Center has spawned four new start-up companies that are commer-
cializing their novel, environmentally friendly technologies.

The NSF supports smaller projects in green chemistry and engineering involving
partnerships of academic institutions with industry and/or national laboratories
through its Grant Opportunities for Academic Liaisons with Industry (GOALI) and
its Environmental Molecular Science Institutes (EMSI) programs. The EMSI pro-
gram is managed by the Division of Chemistry and includes the Geosciences Direc-
torate at NSF and the Department of Energy as partners. Several EMSI projects
provide a molecular-level perspective on industrial processes that allow an under-
standing of their environmental impact at the level of ecosystems.

A measure of the quality of investments made through NSF awards is that nearly
all of the academic winners who have received the EPA’s Presidential Green Chal-
lenge Award have been NSF-supported investigators. This award recognizes major
contributions to green chemistry and engineering research that have significant so-
cietal impact.

Broader impacts of green chemistry and engineering are supported both through
a variety of technical workshops and through education and outreach activities.
Many Research Experiences for Undergraduates (REU) projects provide summer re-
search opportunities for advanced undergraduates in basic research related to green
chemistry and engineering. Instrumentation and curricular investments across NSF
likewise contribute to education and the development of the future workforce that
will be needed to develop and implement ideas to promote green chemistry and engi-
neering.

Mr. Chairman, I would like to briefly comment on the draft Green Chemistry Re-
search and Development Act of 2004. As I mentioned earlier, NSF and the Environ-
mental Protection Agency have an ongoing technology for a sustainable environment
program that appears to be meeting many of the goals of this bill. NSF has worked
with both the Department of Energy and NIST in this area as well. So we are in
complete agreement on the value of research on processes and products that reduce
the generation or use of hazardous substances. Although we welcome Congressional
attention and oversight in this area, we are always concerned about the unintended
consequences of codifying research programs into law. While we look forward to
working the Committee to implementing the goals of this legislation, the Adminis-
tration believes that it is unnecessary to enact this legislation at this time.

Thank you for this opportunity to testify on a topic of great importance to the
science and engineering community, to the economy, and to the environment. I
would be pleased to respond to any questions you might have.

BIOGRAPHY FOR ARDEN L. BEMENT, JR.

Arden L. Bement, Jr., became Acting Director of the National Science Foundation
on February 22, 2004.

He joins NSF from the National Institute of Standards and Technology, where he
has been director since Dec. 7, 2001. As head of NIST, he oversees an agency with
an annual budget of about $773 million and an onsite research and administrative
staff of about 3,000, complemented by a NIST-sponsored network of 2,000 locally
managed manufacturing and business specialists serving smaller manufacturers
across the United States. Prior to his appointment as NIST director, Bement served
as the David A. Ross Distinguished Professor of Nuclear Engineering and head of
the School of Nuclear Engineering at Purdue University. He has held appointments
at Purdue University in the schools of Nuclear Engineering, Materials Engineering,
and Electrical and Computer Engineering, as well as a courtesy appointment in the
Krannert School of Management. He was director of the Midwest Superconductivity
Consortium and the Consortium for the Intelligent Management of the Electrical
Power Grid.

Bement came to the position as NIST director having previously served as head
of that agency’s Visiting Committee on Advanced Technology, the agency’s primary
private-sector policy adviser; as head of the advisory committee for NIST’s Advanced
Technology Program; and on the Board of Overseers for the Malcolm Baldrige Na-
tional Quality Award.

Along with his NIST advisory roles, Bement served as a member of the U.S. Na-
tional Science Board from 1989 to 1995. The board guides NSF activities and also
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serves as a policy advisory body to the President and Congress. He also chaired the
Commission for Engineering and Technical Studies and the National Materials Ad-
visory Board of the National Research Council; was a member of the Space Station
Utilization Advisory Subcommittee and the Commercialization and Technology Ad-
visory Committee for NASA; and consulted for the Department of Energy’s Argonne
National Laboratory and the Idaho National Engineering and Environmental Lab-
oratory.

Bement joined the Purdue faculty in 1992 after a 39-year career In industry, gov-
ernment, and academia. These positions included: vice president of technical re-
sources and of science and technology for TRW Inc. (1980-1992); deputy under sec-
retary of defense for research and engineering (1979-1980); director, Office of Mate-
rials Science, DARPA (1976-1979); professor of nuclear materials, MIT (1970-1976);
manager, Fuels and Materials Department and the Metallurgy Research Depart-
ment, Battelle Northwest Laboratories (1965-1970); and senior research associate,
General Electric Co. (1954-1965).

He has been a director of Keithley Instruments Inc. and the Lord Corp. and was
a member of the Science and Technology Advisory Committee for the Howmet Corp.
(a division of ALCOA).

Bement holds an Engineer of Metallurgy degree from the Colorado School of
Mines, a Master’s degree in metallurgical engineering from the University of Idaho,
a doctorate degree in metallurgical engineering from the University of Michigan, an
honorary doctorate degree in engineering from Cleveland State University, and an
honorary doctorate degree in science from Case Western Reserve University. He is
a member of the U.S. National Academy of Engineering.

Chairman BOEHLERT. Thank you very much, Dr. Bement, but
once again, the Chair will observe, this Administration, like all pre-
vious Administrations, usually finds the work of Congress unneces-
sary. The Administration feels that the source of all wisdom is
vested in 1600 Pennsylvania Avenue and the environs, but we
want to be active, working partners——

Dr. BEMENT. I am your canonical messenger.

Chairman BOEHLERT. And I was pleased to see you note the rela-
tionship with NIST, because the Chair understands that you have
some familiarity with NIST.

Dr. BEMENT. Yes, I do have some familiarity, and if I had more
time, I could go into a long list

Chairman BOEHLERT. For the benefit of the audience that might
not be aware, Dr. Bement is taking over the responsibility of NSF
to fill a void created by the retirement of Dr. Rita Colwell. He is
on leave from his job as Director of NIST, where he has performed
with exceptional skill. So they give him another burden, taking on,
at least on a temporary basis, NSF. But Dr. Bement, we really
appreciate——

Dr. BEMENT. Well, I would welcome, for the record, to submit
work that NIST is doing in this area as well.

[The information referred to appears in Appendix: Additional Ma-
terial for the Record.]

Chairman BOEHLERT. Thank you very much.

Dr. Gilman.

STATEMENT OF DR. PAUL GILMAN, ASSISTANT ADMINIS-
TRATOR FOR RESEARCH AND DEVELOPMENT, ENVIRON-
MENTAL PROTECTION AGENCY

Dr. GILMAN. We welcome the Committee’s interest, and look for-
ward to working with you on your legislation, as it proceeds
through the Congress.

A critical part of EPA’s mission is really embodied in the green
chemistry and green engineering that you are addressing in this
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bill. We have historically addressed the issue. We hope to focus on
it in the future. It is the kind of science that takes us beyond the
limits of “command and control” approaches to keeping our envi-
ronment clean and cleaning it up. Recently, our Administrator
challenged the Agency to try and accelerate our pace in improving
the environment using science and technology, market-based mech-
anisms, results-oriented work and collaborations in large networks.

I would like to tell you a little bit about a new framework we are
implementing in the research side of the organization, and more
broadly, within which green chemistry and green engineering is
captured. We will be releasing next week some solicitations in the
area of “Collaborative Science and Technology Network for Sustain-
ability,” really a cornerstone of our approach for the future, work-
ing with states, local government, and industry to address high-pri-
ority challenges with rigorous science. We will be announcing two
pilots that we are initiating with the Delaware River Basin Com-
mission and the Canaan Valley Institute in West Virginia looking
at ecological restoration and watershed practices for sustainability.
We are also opening up today a portal in sustainability on the EPA
website, which is trying to organize the dozens of programs
throughout the EPA that embrace principles of sustainability, the
scientific tools, and the programs aimed at that, including green
chemistry and green engineering. And lastly, in an effort to encour-
age a focus on sustainability in our university systems, we have re-
leased what we call a P3 Award. The P3 standing for people, pros-
perity, and the planet, really an effort to solicit, through competi-
tive grants, projects, and interdisciplinary teams trying to address
solutions to environmental challenges. The National Academy of
Engineering has agreed to serve as a judging organization for us
in that regard, and we are very pleased with the early response to
that effort.

Your Green Chemistry R&D Act really does build on a lot of suc-
cesses that have already taken place in government. We are in the
process of trying to really document the productivity of those
grants that have already been done. Looking at the first 64 that
we have been able to gather information on, those 64 first grants
under the Technology for a Sustainable Environment (TSE) pro-
gram that we have done in collaboration with the NSF, have re-
sulted in 347 articles, 25 chapters in books, six patents, and one
of the recipients received a Nobel Prize for Chemistry in 2001. You
will hear a lot of examples of successes today. I would only note
several teams of our grant recipients at Georgia Tech are working
at making water a better solvent and using water-based coatings
to replace more hazardous solvents. You have heard the story of
the CO, work in North Carolina, the work of Professor Dorgan on
polylactic acid to make bio-based materials a feedstock for the fu-
ture, and Professor Wool at Delaware working on, again, bio-based
products where today John Deere is using bio-based products in the
manufacture of its tractors. And Professor Wool even has a patent
on a bio-based silicon replacement for silicon chips that would uti-
lize chicken feathers as part of the matrix of those chips. And while
you may laugh at that sort of thing, I would only note that the chip
operates at about two times the pace of silicon-based chips.
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So there are wonderful examples out there. Some of those that
I named are noteworthy not just because of their curiosities, but
because industry is investing not tens, but hundreds of millions of
dollars in the commercial use of those technologies.

Some programs that have also borne fruit are things like the
Presidential Green Chemistry Challenge. Just the award winners
of that since 1996 represent a reduction of 326 million pounds of
hazardous substances, 390 million gallons of water saved, and 120
million pounds of CO; reduction.

Those are the kinds of results that we think this work will lead
to, and not only noting the competitive nature of those products,
I should also point out that, for those projects I mentioned, those
were grants in the late ’90s. The time from the lab bench to the
commercial enterprise for these kinds of research projects is on the
order of 10 years or less. And this is a committee that often hears
that the basic research is 20 years or more away from practical ap-
plication. So the fruits of this work are being seen as we speak.

Thank you for the opportunity to testify today.

[The prepared statement of Dr. Gilman follows:]

PREPARED STATEMENT OF PAUL GILMAN

Good morning, Mr. Chairman and Members of the Committee, I am honored to
appear before you today to discuss the U.S. Environmental Protection Agency’s
green chemistry and engineering research and development activities, the subject of
the draft Green Chemistry Research and Development Act of 2004. The U.S. Environ-
mental Protection Agency (EPA) welcomes the interest of the Committee on green
chemistry and engineering. The subject of this bill represents a critical part of
EPA’s focus on environmental and human health protection. EPA historically has
and continues to address the goals in the proposed legislation. I will highlight today
some of our ongoing efforts in green chemistry and engineering.

Every day decisions are made at local, state, and regional levels that affect our
quality of life. To the extent possible, each of these decisions, from new building con-
struction, highway development or ecosystem management, should be based on the
best available scientific information and scientific tools available. Industry leaders
are also making decisions on chemical, product, and process design that will have
significant environmental and economic impacts. Sustainability draws on sound
science to support these decisions to protect our natural systems, to provide a higher
quality of life for people, and to further a competitive economy.

By building on traditional “command-and-control” regulations, EPA has been re-
focusing its efforts by conducting and funding research in areas such as green chem-
istry and engineering, global change, economics and decisions sciences, watershed
management, industrial ecology, environmental justice, ecological forecasting, and
emerging technologies. In the future, EPA will continue to focus on rigorous science
as a better way to advance EPA’s mission of protecting human health and the envi-
ronment.

INTRODUCTION

Administrator Leavitt has outlined EPA’s strategy to achieve its mission quickly
and efficiently based on four key components: science and technology innovation,
market mechanisms, results, and collaborative networks. Science and technology in-
novation provides new, cost-effective alternatives that better protect human health
and the environment. Results ensure that our programs and processes achieve envi-
ronmental and human health results. Collaborative networks serve to solve prob-
f?ds through partnerships and open dialogues among private and public stake-

olders.

EPA’s next step in achieving its mission is to apply this framework to specific en-
vironmental and human health challenges. Traditionally, environmental protection
programs have focused on a particular medium or problem through command-and-
control regulations. These programs have been very effective at reducing point
source pollution and improving environmental quality over the past three decades.
However, the environmental challenges we face today involve several media types
and diffuse sources that are less amenable to command-and-control programs. EPA
is looking for solutions that seek to address the various causes of environmental
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problems and understand the interrelationships between human behavior and the
environment in specific areas.

A place-based approach is one example that supplements and complements the
traditional environmental protection approach by focusing on the health of an eco-
system and the behavior of the humans who live within the boundaries of the eco-
system, instead of concentrating on a specific medium or particular problem. This
strategy, therefore, moves beyond media-based or issue-based strategies to a holistic
perspective that will lead to comprehensive, long-term, sustainable solutions.

FOCUS ON SCIENCE AND TECHNOLOGY THROUGH GREEN CHEMISTRY
AND ENGINEERING

EPA is focusing on science and technology programs that incorporate the prin-
ciples of green chemistry and engineering. The concept of green chemistry and engi-
neering is a very real and specific component of our science and technology. The
goals of green chemistry and engineering move us towards innovation and collabora-
tion for the mutual benefit of human health and the environment while furthering
economic competitiveness. Green chemistry and engineering are unique in that they
focus on inherently benign alternatives for chemical products and processes that can
address many challenges in a broad, multi-media framework. The advances of green
chemistry and engineering have demonstrated results that provide cost-effective en-
vironmental and human health improvements. For these reasons, green chemistry
and engineering represent the kind of science on which EPA is focusing to move to
the next level of environmental and human health protection.

Before I discuss EPA’s specific programs in green chemistry and engineering, I
want to describe the broader context of EPA’s focus. Three approaches are underway
that cut across Administrator Leavitt’s framework of science and technology innova-
tion, results, and collaborative networks including: the “Collaborative Science and
Technology Network for Sustainability,” the Sustainability Portal, and the P3
Award: A National Student Design Competition for Sustainability.

Collaborative Science and Technology Network for Sustainability (CSTNS)

At the cornerstone of EPA’s focus on sustainability is the “Collaborative Science
and Technology Network for Sustainability” (CSTNS). Through CSTNS, EPA will be
funding innovative, regional-scale projects that address the high-priority challenges.
These projects will be a testing ground for developing and applying tools while
drawing on scientific understanding of the consequences of decisions and actions.
CSTNS will provide an opportunity for communities, states, the private sector, EPA,
and other government agencies to explore new approaches to environmental protec-
tion that are systems-oriented, forward-looking, and preventative.

EPA is developing a number of pilot projects that illustrate the potential for this
approach. One pilot project that is under development in EPA’s Region 3 (Pennsyl-
vania, West Virginia, Virginia, Delaware, Maryland, and the District of Columbia)
is sustainable watershed management in the Delaware River Basin. This project
will develop and implement strategies for sustainable water resource management
in a watershed threatened by high population growth. EPA will work in cooperation
with the United States Geological Survey; Delaware River Basin Commission
(DRBC); the Commonwealth of Pennsylvania; local municipalities; the Brodhead
Watershed Association and other stakeholders to evaluate the effects of growth and
land use on groundwater, stream flows, and ecology in Pocono Creek. Tools will be
developed to determine the appropriate ground water withdrawal limits considering
environmental, economic, and social concerns. Those limits will be implemented by
Monroe County, Pennsylvania to maintain the high quality of life in the watershed
as future growth occurs. Research findings and results will be transferred to other
parts of the Delaware River Basin as well as to other regions of the country. As
evidenced by this project, CSTNS will transcend traditional regulatory approaches
for air, water and land and rely on a more place-based perspective that takes a long-
term view while measuring short-term outcomes.

A second project, in collaboration with the Canaan Valley Institute; local commu-
nities; State and local governments of the Mid-Atlantic Highlands area (portions of
Maryland, Pennsylvania, Virginia, and West Virginia); West Virginia University;
and other stakeholders, will develop and evaluate sustainable restoration tech-
nologies. Methods for stream restoration, which address the problems of sedimenta-
tion, riparian habitat loss and biological degradation will be included. In addition
to the environmental benefits, it is expected that there will be increased potential
for job creation as a result of restoration activities. Research findings and results
will be transferred throughout the Mid-Atlantic Highlands area as well as to other
regions of the country.
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We envision that these projects, as well as those funded under the upcoming com-
petitive solicitation for the next phase of CSTNS projects, will serve to integrate the
many existing EPA programs, identify gaps and demonstrate how such practices can
be applied in the real world.

Sustainability Portal

EPA has dozens of programs and activities that support elements of science and
technology for sustainability. To provide better access to these programs and work
to integrate them, EPA is developing a web portal (www.epa.gov/sustainability).
This portal will provide easy access to EPA tools and programs that can help indi-
viduals, communities, and institutions achieve their sustainability goals. Links are
provided to EPA programs and research for planning and practices, scientific and
technical tools, measuring results and evaluating progress. The programs and re-
search presented under “planning and practices” promote the integration of existing
social, economic and environmental policies while anticipating new programs. Long-
range, integrated planning and educating the next generation in sustainability prac-
tices are also included. The “scientific and technical tools” section highlights the de-
velopment of underlying scientific and engineering knowledge needed to develop
sustainability tools and techniques. “Measuring results and evaluating progress” fo-
cuses on providing a science-based foundation for monitoring and assessing trends
in the environment and providing support for decision-making in businesses, com-
munities, and across government. The website provides a “one-stop” portal to EPA’s
programs and research appropriate to advancing the goal of sustainability.

P3 Award: A National Student Design Competition for Sustainability

To encourage the integration of sustainability into higher education and training,
EPA launched the P3 Award competition in November 2003. “P3” was chosen to
highlight people, prosperity and the planet—the three pillars of sustainability. The
P3 Award is a partnership between the public and private sectors to achieve the
mutual goals of economic prosperity while protecting the natural systems of the
planet and providing a higher quality of life for its people. The P3 Award program
(www.epa.gov /P3) will provide up to 50 grants to interdisciplinary teams of college
students to research, develop, and design sustainable solutions to environmental
challenges in both the developed and the developing world. A panel convened by the
National Academy of Engineering will select the P3 Award winners at an event on
the National Mall. The winner(s) of the P3 Award will be eligible for additional
funds from EPA to match contributions from the private sector for further develop-
ment, implementation and placement in the marketplace. This will ensure that EPA
is supporting the research and development of innovative, inherently benign, inte-
grated scientific and technical solutions that will advance the goal of sustainability.

EPA’S ONGOING PROGRAMS SUPPORTING GREEN CHEMISTRY AND
ENGINEERING

The framework for EPA’s ongoing programs is also based on Administrator
Leavitt’s four components that the Agency is adopting to better and more quickly
achieve its mission: science and technology innovation, market-based mechanisms,
results, and collaborative networks. Focusing on research, development, and imple-
mentation in this Agency-wide framework is one mechanism that EPA will use to
move to the next level of environmental and human health protection.

While the approaches previously discussed were developed to address all of the
framework’s components, current EPA activities can also be classified using this
model. The following sections highlight EPA’s activities in green chemistry and engi-
neering, and more broadly, based on science and technology innovation, market
mechanisms, results, and collaborative networks.

Science and Technology Innovation

Green chemistry and engineering are a critical part of EPA’s current activities on
science and technology. Research, development, and implementation of green chem-
istry and engineering are components of both the extramural Science to Achieve Re-
sults (STAR) grant program as well as intramural activities.

The Green Chemistry Research and Development Act of 2004 will build upon the
active and successful research and development traditionally supported and con-
ducted by the EPA. Since the mid-1990’s EPA has partnered with the National
Science Foundation on a grants program called Technology for a Sustainable Envi-
ronment (TSE) that focuses on green chemistry and engineering. In addition, EPA’s
intramural research program is centered on innovative scientific and technical ad-
vances in alternative energy sources, alternative reactor design, alternative solvent
and catalyst strategies, and green metal finishing.
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EPA has supported green chemistry and engineering research in both its intra-
mural and extramural research programs. Including support for personnel, approxi-
mately $6.9 million is included in the FY04 budget for green chemistry and engi-
neering activities. Of this amount, research is about $5.1 million, including about
$1.9 of personnel costs. About $2.4 million of the extramural funding is for competi-
tive grants through the TSE program. (Approximately 70 percent of the research
under TSE—which was $3 million in FY04—is focused on green chemistry and engi-
neering.) Due to a redirection of funds within EPA, funding for EPA’s portion of the
TSE program was not provided in the President’s FY05 budget request. However,
grants funded with prior year resources will continue.

EPA’s Small Business Innovation Research (SBIR) program is another funding
mechanism for innovative science and technology with economic and environmental
benefits. EPA has also concentrated on the potential for innovative technologies to
move us to the next level of environmental protection. Efforts include third-party
environmental technology verification (ETV), an environmental technologies oppor-
tunity web portal (ETOP), and the creation of the Environmental Technology Coun-
cil (ETC). These programs focus on researching and developing a knowledge base
to support the development sustainable alternatives, through green chemistry and
engineering, to enhance or replace current designs that present environmental and
human health challenges.

Except for the SBIR and ETV, program, EPA’s research is pre-competitive. The
research under TSE is relatively more fundamental and the in-house research is
somewhat more applied. However, in both cases, the priorities for the research are
driven by EPA’s goals and the research is in support of those goals.

Technology for a Sustainable Environment (TSE)

Since 1995, EPA and the National Science Foundation (NSF) have been partners
in the Technology for a Sustainable Environment (TSE) program, a grants program
designed to support research in pollution prevention. TSE (htip://www.epa.gov/
greenchemistry [tse.html) is an integral part of EPA’s research program to support
Agency program offices and regions and demonstrates leadership in addressing
emerging environmental issues and advancing science and technology. TSE strongly
encourages the collaboration of interdisciplinary academic researchers with indus-
trial anestigators who represent the eventual customers for the products of this re-
search.

Together, EPA and NSF have funded over 200 TSE grants totaling approximately
$56 million for applied and fundamental research in the physical sciences and engi-
neering that will lead to the discovery, development, implementation and evaluation
of innovative environmentally benign molecules, products and processes. Due to a
redirection of funds within EPA, funding for EPA’s portion of the TSE program was
not provided in the President’s FY05 budget request. However, grants funded with
prior year resources will continue. TSE research focuses on ideas that advance the
development and use of innovative science, technologies, and approaches directed at
avoiding or minimizing the generation of pollutants at the source. As such, TSE fo-
cuses primarily on green chemistry and green engineering research.

Green Chemistry. The goal of the green chemistry research portion, similar to the
Green Chemistry Research and Development Act of 2004, is to develop safer commer-
cial substances and environmentally benign chemical syntheses to reduce risks
posed by the manufacture, use and disposal of commercial chemicals. By preventing
pollution at its source and designing inherently benign chemicals and processes,
green chemistry has the potential to reduce environmental risks while providing
more cost-effective products.

Green Engineering. The green engineering supported by TSE focuses on devel-
oping novel engineering approaches for preventing or reducing pollution from indus-
trial manufacturing activities. The scope of green engineering includes equipment
and technology modifications, reformulation or redesign of products, substitution of
alternative materials, and in-process changes. Although these methods are often
linked to the chemical, biochemical, and materials process industries, they can be
utilized in many other industries, such as semiconductor manufacturing systems.

Quantifying Benefits. TSE also encourages research in physical sciences and engi-
neering that will lead to the development of novel measurement and assessment
techniques for green chemistry and engineering, and pollution prevention. Activities
in this area include life cycle analysis, computational simulations, and process de-
sign algorithms as well as the development of appropriate measurement methods
to quantify outcomes in terms of direct benefits to human health and the environ-
ment

Environmental Benefits. To better demonstrate these benefits, research proposals
for a grant under TSE must include a section entitled “potential impacts.” While the
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research supported by this program may be related to an individual reaction, unit
operation or unit process, the investigators must address the environmental benefits
or impacts of the research in the broader context of the industrial system of which
it is a part. In this regard, the proposal must contain a discussion of expected poten-
tial environmental benefits or impacts in the broadest systems sense, which could
include considerations of the efficient use of natural resources and energy and mate-
rials flows in manufacturing, product use, recycling, recovery or ultimate disposal.
In this section, it is strongly recommended that the investigator address issues such
as: the pollutant or class of pollutants the research proposes to prevent or minimize;
the seriousness and importance of the environmental problem; and how the pro-
posed technology or method is more economical and more environmentally benign
than current technologies or methods.

Results. The goal of the TSE program is the discovery of innovative chemical al-
ternatives with economic and environmental benefits through the design of inher-
ently benign chemicals, materials, and energy for reduced risks, liabilities, acci-
dents, and vulnerabilities. The first 64 of the 211 research grants funded under the
TSE program produced 347 peer-reviewed journal articles, 25 book chapters, and six
patents. In addition, one of the investigators funded under TSE was awarded the
2001 Nobel Prize in Chemistry.

Examples of research conducted through TSE (Appendix 1) highlight the potential
for green chemistry and engineering research supported by the Federal Government
to move from the laboratory to the marketplace. This research demonstrates mutual
benefits to the economy and the environment in a wide array of industrial processes
from alternative solvents to renewable and biodegradable materials to benign alter-
natives for oxidation.

All the TSE products that moved to commercialization had an important feature
in common. These scientific and technical advances met or exceeded current cost
and performance criteria, were competitive in the marketplace, and benefited
human health and the environment. While it is extraordinary that there are TSE
examples (Appendix 1) that have moved from the bench to commercialization in
such a short timeframe (less than ten years), it demonstrates the potential for sci-
entific and technical innovation in green chemistry and engineering to mutually
achieve environmental and economic goals in the long-term. These innovations pro-
vide a basis for science and technology for sustainability by achieving the mutual
goals of economic prosperity while protecting the natural systems of the planet and
providing a higher quality of life for its people.

Green Chemistry Program

EPA’s Green Chemistry Program (www.epa.gov/greenchemistry), in collaboration
with EPA’s Office of Pollution Prevention and Toxic Substances, is directed at pre-
venting pollution by promoting the design of less toxic chemical substances and
identifying alternative chemical pathways that involve less toxic reagents or sol-
vents and generate fewer toxic products or co-products. As part of this program,
EPA initiated the Green Chemistry Challenge that includes an award to recognize
those in industry and academia that have met the objectives of Green Chemistry
in an exemplary way. The Challenge also includes TSE as a research component to
enhance support for innovative, inherently benign alternative chemical products and
processes.

The Presidential Green Chemistry Challenge Awards Program (http://
www.epa.gov | greenchemistry [ presgcc.html) is an opportunity for individuals,
groups, and organizations to compete for annual awards that recognize innovations
in cleaner, cheaper, and smarter chemistry. The Awards Program provides national
recognition of outstanding chemical technologies that incorporate the principles of
green chemistry into chemical design, manufacture, and use, and that have been or
can be utilized by industry in achieving their pollution prevention goals.

Award nominations are invited that describe the technical benefits of a green
chemistry technology as well as its human health and environmental benefits. The
Awards Program is open to all individuals, groups, and organizations, both nonprofit
and for profit, including academia, government, and industry. The nominated green
chemistry technology must have reached a significant milestone within the past five
years in the United States; e.g., been researched, demonstrated, implemented, ap-
plied, patented, etc.

To date, the Award winning technologies alone are responsible for the following
cumulative green chemistry benefits since 1996: eliminating 326,000,000 pounds of
hazardous substances from commercial and industrial products and processes; sav-
ing 390,000,000 gallons of water; and preventing 120,000,000 pounds of carbon diox-
ide emissions.



31

EPA’s Intramural Science and Technology for Sustainability Research

The mission of EPA’s intramural sustainability research (http://www.epa.gov/
ORD/NRMRL /std/index.html) is to advance the understanding, development, and
application of technologies and methods of prevention, removal, and control of envi-
ronmental risks to human health and ecology. This research can be categorized by
key areas including: alternative energy sources, alternative reactor design, alter-
native solvent and catalyst strategies, and green metal finishing. As a result of this
research, several significant scientific and technical advances in green chemistry
and engineering have been developed and implemented. In addition, the researchers
have developed software tools to enable inherently benign design and measure envi-
ronréxent?l and human health benefits of scientific and technological advances (Ap-
pendix 2).

Alternative Energy Sources. This research involves the use of new energy sources,
such as microwaves and ultrasonic waves, as a means to enhance reaction condi-
tions. The primary benefits of this approach include the reduction of reaction times
from hours to minutes, a significant reduction of by-product or undesirable product
formation, an overall increase in conversion of feedstocks, and the elimination of
harmful solvents.

Alternative Reactor Design. This research focuses on the use of new reactor de-
signs to increase reaction efficiency and decrease energy consumption. These designs
include a corona ozone generating reactor, a titanium dioxide (Ti0;) ultraviolet (UV)
reactor, and a spinning tube-in-tube reactor. The first two designs are considered
advanced oxidation technologies that are best suited for use in oxidation-type reac-
tions. They provide benefits such as increased conversion to desired products and
minimal solvent or catalyst usage. The third reactor design is used for process in-
tensification, a step that minimizes the time required to complete a given reaction.
This in turn significantly reduces or completely eliminates by-product formation and
increases overall conversion of the feedstock.

Alternative Solvents and Catalysts. This research uses novel solvents and cata-
lysts to increase reaction efficiency while minimizing the use of more traditional and
harmful solvents. Strategies include using supercritical CO, as a reaction medium;
using room-temperature ionic liquids as a reaction media; using benign hydrogen
peroxide (H>O,) to replace traditional catalysts (oxidants) such as magnesium per-
manganate (KMnO4) and chromium trioxide/sulfuric acid (CrO3/H2S04); and using
nonvolatile, alternative, polyethylene glycol (PEG) to replace traditional solvents.

Green Metal Finishing. EPA is working cooperatively with industry leaders in the
metal finishing sector to provide green solutions to their most critical issues. The
program has investigated the use of less toxic process alternatives for various metal
finishing systems that are both energy efficient and cost effective, and in the end,
more sustainable. The program has identified greener chemical replacements to sev-
eral metal finishing processes, including hexavalent chromium. Presently, the pro-
gram is evaluating green chemistry alternatives to chlorinated solvents and alkaline
cleaners for degreasing operations in the metal finishing industry.

Additional Research. Additional intramural research focuses on industrial multi-
media and systems analysis. The industrial multimedia research includes mine
waste technology, metal finishing pollution prevention, metal forming, fuel cell ap-
plications, lead paint abatement, and base catalyzed dechlorination for contami-
nated soil remediation. The objective of the sustainable environments research is to
construct a strategy for sustainable environmental management using economics ap-
proaches, water resource and land use planning, physical and ecological theory, and
technological methods and knowledge implemented through computer-based tools,
field data, and human experience to reduce risks to human health and the ecology.
The main research efforts under systems analysis focus on life cycle assessments,
cost engineering and cost benefit, chemical simulation and measurement, and pollu-
tion prevention at federal facilities.

Small Business Innovation Research (SBIR)

The EPA is one of 11 federal agencies that participate in the SBIR Program estab-
lished by the Small Business Innovation Development Act of 1982. The SBIR pro-
gram (http:/ /www.epa.gov /ncer/sbir) supports research in cutting-edge environ-
mental technologies. EPA issues annual requests for applications for Phase I and
Phase II research proposals from science- and technology-based firms. Through this
phased approach to SBIR funding, EPA can determine whether the research idea—
often on high-risk advanced concepts—is technically feasible, whether the firm can
conduct high-quality research, and whether sufficient progress has been made to
justify a larger Phase II effort.

Historically, EPA has solicited projects on pollution prevention through SBIR. In
2004, however, EPA is focusing a significant portion of the program on pollution
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prevention and hazardous waste minimization. Working across EPA program and
regional offices, we are soliciting highly relevant proposals to address pressing envi-
ronmental challenges. These solicitations specifically request green chemistry and
engineering innovations for alternatives to high-priority chemicals and environ-
mental challenges ranging from inherently benign flame-retardants to lead and mer-
cury alternatives to green building design. These newly solicited projects will be-
come part of a legacy of pollution prevention science and technology successful de-
veloped under SBIR (Appendix 3).

Environmental Technology Verification

In October 1995, EPA established the Environmental Technology Verification
(ETV) Program (http:/ /www.epa.gov/etv). The goal of ETV is to provide credible
performance data for commercial-ready environmental technologies in order to speed
their implementation for the benefit of vendors, purchasers, permitters, and the
public. Because the level of potential environmental risk reduction for a technology
is directly related to its level of performance and effectiveness, EPA verifies the per-
formance of innovative, private-sector environmental technologies. It is important to
note that private-sector technology developers produce almost all of the new tech-
nologies purchased in the United States and around the world. ETV offers pur-
chasers and permitters of environmental technology an independent, objective, and
high-quality source of performance information for informed decision-making.

Processes. EPA’s ETV Program develops testing protocols and verifies the perform-
ance of innovative technologies that have the potential to improve how we protect
human health and the environment. The ETV Program operates as a public/private
partnership through agreements between EPA and private testing and evaluation
organizations. These ETV verification organizations work with EPA technology ex-
perts to create efficient and fully quality-assured testing procedures that verify the
performance of innovative technologies in air, water, soil, ecosystems, pollution pre-
vention, waste, and monitoring. All quality assurance plans and protocols are devel-
oped with participation of technical experts, stakeholders, and vendors and are
available prior to testing, peer reviewed by other experts, and updated after testing,
as appropriate.

Results. Since ETV’s inception in 1995, more than 200 environmental technologies
have been verified and more than 70 protocols for technology testing have been de-
veloped. A 2001 survey of participating vendors indicated that 73 percent of the ven-
dors were using ETV information in product marketing and 92 percent of those sur-
veyed responded that they would recommend ETV to other vendors. To date, more
than 25 vendors have returned to ETV for additional product verification.

Environmental Technology Opportunities Portal (ETOP)

The Environmental Technology Opportunities Portal (ETOP) (www.epa.gov/etop)
is a web network designed to promote programs that foster the development of new,
cost-effective environmental technologies and relay existing EPA environmental
technology information (such as best available technologies for air, water and waste
treatment and control).

ETOP highlights funding opportunities, information, and links to EPA and other
programs that assist in development and commercialization and others that foster
the use and acceptance of innovative technologies through collaborative recognition
and incentive, and advocacy and information programs. Links are also provided to
other agencies and groups outside EPA that offer environmental technology informa-
tion.

ETOP was established as a result of a Congressional mandate through the FY
2003 House Appropriations Conference Report 108-10, page 1438. Congress directed
EPA to develop a “one-stop-shop” office to coordinate similar programs that foster
private and public sector development of new, cost-effective, environmental tech-
nologies. As part of the requirement to establish the “one-stop-shop” office, EPA es-
tablished ETOP as an Internet portal page. ETOP was designed to clearly outline
and highlight all of EPA programs as well as others that foster the development
of environmental technologies, giving users direct access to funding and other incen-
tive programs.

ETOP, while not specifically focused on science and technology for sustainability,
provides a means to search on advances and opportunities at EPA in the areas of
green chemistry and green engineering. ETOP provides a much needed mechanism
to raise awareness and increase communication between the public and private sec-
tors in developing and commercializing new technologies that benefit human health
and the environment.
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Environmental Technology Council (ETC)

EPA is presently establishing the Environmental Technology Council with mem-
bers from all Agency technology programs, offices and regions. The ETC will en-
hance the communication and coordination of all EPA technology activities, espe-
cially for priority environmental problems. This will improve results of core regu-
latory, enforcement, and voluntary programs and will facilitate innovative tech-
nology solutions to environmental challenges, particularly challenges with multi-
media or place-based elements. The challenges addressed will be clearly related to
the Agency’s strategic plans, advance the Agency’s mission of protecting human
health and the environment, and contribute to moving the Agency to sustain-
ability—the next level of environmental protection.

Results

A focus on science and technology for sustainability will enable EPA and the Na-
tion to more cost-effectively attain the ultimate environmental results of clean air,
pure water, and protected land. Pollution prevention, achieved through the research,
development, and market-adoption of green chemistry and engineering tools and
technologies, is the foundation of such an approach. Green chemistry and engineer-
ing, along with environmentally benign manufacturing and industrial ecology, en-
able United States industries to design environmental benefits into their processes,
products, and systems so that pollution and environmental hazards are avoided.
These fields also enable United States industry to more effectively use benign mate-
rials and resources that are have the potential to benefit national security as well
as the environment. Finally, these fields enable United States industry to remain
economically competitive in the global marketplace by reducing risks,
vulnerabilities, and the potential for accidents.

Future Plans. To better address outcomes and the recommendations of the Admin-
istration’s Program Assessment Rating Tool (PART) analysis, EPA is making a stra-
tegic shift in its goals for Pollution Prevention and New Technologies (P2NT). The
shift reflects the growing recognition that the goals of pollution prevention are the
first steps in moving to the next level of environmental and human health protec-
tion. EPA is now focused on improving practices and approaches through P2NT. We
are also developing a new research program, Science and Technology for Pollution
Prevelntion and Sustainability (STPPS) that will be both intramural and extra-
mural.

Intramural Program. Three overarching issues have been established to guide the
direction and measure the progress of the new intramural STPPS program: identi-
fying and defining sustainable systems; identifying metrics to measure progress to-
wards sustainability; and developing methods, technologies, and approaches that
can contribute to sustainability-based policies. This represents a shift to place-based
environmental challenges that can be diffuse and have multi-media elements.

EPA’s green chemistry and engineering research is currently focused on pollution
prevention activities. These scientific and technical advances will now be quantified
in terms of sustainability metrics and focused on the highest priority environmental
challenges for the Agency and industry. For example, research will be conducted on
designing tradable credits programs for storm-water runoff control and developing
sustainability criteria for critical ecosystem restoration. By refocusing the modeling
and simulation strength of P2NT to a long-term goal of computational environ-
mental protection, research outcomes will create simulated “ecological-economic-so-
cial” systems. Environmental decision-support tools and methods will deliver results
on applying, calibrating, and validating current life-cycle models and applying them
to sustainable technologies, policies, products and processes. This will lead to an in-
tramural research program that is not only working toward EPA’s mission and sus-
tainability, but to one that can be quantified in terms of clear benefits to economic,
environmental, and social systems.

Extramural Research. EPA’s extramural research program is also refocusing its
efforts towards sustainability with quantifiable results in terms of the Agency’s mis-
sion. Primary research will support research to use materials and energy more effec-
tively while shifting to more inherently benign materials and energy sources. The
most significant way to move to inherently benign material and energy flows is to
advance green chemistry and engineering and to demonstrate these advancements
in terms of economic and environmental improvements. It is important to recognize
multiple benefits of an extramural STPPS research program. Such a program devel-
ops underlying scientific and engineering expertise; stimulates broader adoption of
principles and practices in an academic community such as in chemical sciences and
engineering; and helps to educate the next generation of scientists and engineers.

EPA recognizes the importance of demonstrating quantifiable, meaningful out-
comes from our intramural and extramural research programs. The work to date
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has resulted in significant benefits to human health and the environment and fu-
ture directions will build upon this legacy. By integrating these results into new re-
search activities, EPA will be in a position to establish that economic and environ-
mental goals can be achieved simultaneously and sustainably.

Collaborative Networks

EPA consistently uses collaborative networks to advance its mission of protecting
human health and the environment. EPA’s focus on science and technology sustain-
ability also depends on working within EPA, across the government, and throughout
the private sector to bring the most relevant science to all stakeholders to improve
the economy and the environment for social benefit. These networks include EPA’s
program offices and regions, working through the National Science and Technology
Council’s Committee on Environment and Natural Resources (CENR), and collabo-
rating with other Agencies including the Department of Energy (DOE), National
Science Foundation (NSF), and the National Institute of Standards and Technology
(NIST). EPA also reaches out to state, local, and tribal governments as well as the
p{)i\lfate sector and non-governmental organizations (NGOs) on issues of sustain-
ability.

EPA’s Program Offices and Regions

EPA’s research and development activities are intimately related to activities in
the program offices and regions. While these relationships exist throughout the
Agency and across the Agency’s mission, the following examples will focus on col-
laborations of EPA’s Office of Research and Development with the EPA’s Office of
Solid Waste and Emergency Response and Office of Water as well as the regional
offices that are advancing science and technology for sustainability.

Resource Conservation Challenge, Office of Solid Waste. The Resource Conserva-
tion Challenge (RCC) (www.epa.gov/rcc) is a major national effort to find flexible,
yet more protective ways, to conserve our valuable resources through waste reduc-
tion and energy recovery activities. The RCC extends across EPA programs and
media to include waste, water, air, toxics, pollution prevention, pesticides, and com-
pliance, as well as activities in the regions, states, and tribes. The RCC identifies
areas of program focus, or “challenges” that are ready for voluntary partnerships.
Each of these challenges works to resolve national environmental problems by find-
ing environmentally acceptable solutions that are long-term, preventative, com-
prehensive, and sustainable. One of the key areas of the RCC is “targeted chemi-
cals.” EPA has targeted 30 chemicals that are potential environmental hazards and
challenged American industries to cutback on the use of these agents. As part of
the RCC, EPA has pledged to support projects that help eliminate chemicals from
the waste stream. The Agency’s primary focus will be to secure commitments from
the highest volume generators, sectors, and their related industry associations to re-
duce these chemicals in products, emissions, and waste. Clearly, green chemistry
and engineering represents a vital area of research in meeting the RCC’s targeted
chemical challenge in a long-term, sustainable manner.

Smart Growth, Office of Water; Office of Policy, Economics, and Innovation; and
Regional Offices. Smart growth (http://www.epa.gov/livability/) is development
that serves the economy, the community, and the environment. It changes the terms
of the development debate from the traditional growth/no growth question to “how
and where should new development be accommodated.” Smart growth answers these
questions by simultaneously achieving healthy communities that provide families
with a clean environment, balancing development and environmental protection, en-
couraging economic development and jobs, and promoting strong neighborhoods and
transportation choices. Much research has been conducted to determine if a more
balanced pattern of growth could benefit the environment. Preliminary results from
these studies indicate that smart growth developments can minimize air and water
pollution, facilitate brownfields cleanup and reuse, and preserve open space. Re-
search must also be conducted to address how development patterns are influenced
by market forces and by local, state, and federal policies and initiatives. Smart
growth aims to minimize development’s impact on the environment through sound
site decisions and finding a sustainable balance of economic, social and environ-
mental systems.

Interagency Collaboration

Critical to EPA advancing its mission and the goal of sustainability is close coordi-
nation and interaction with other government agencies. While EPA has many bilat-
eral agreements with other agencies, such as the partnership with NSF for the TSE
program and the Department of Energy through a formal Memorandum of Under-
standing, EPA also coordinates with other agencies through the Committee on Envi-
ronment and Natural Resources (CENR) under the National Science and Technology
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Council. The CENR addresses science policy matters and research efforts that cut
across agency boundaries and provide a formal mechanism for interagency coordina-
tion relevant to domestic and international environmental and natural resources
issues. The CENR recently discussed the addition of an Interagency Working Group
on sustainability, clearly a crosscutting issue that EPA welcomes. The CENR has
been an effective mechanism for working with other agencies and will serve as an
excellent model for the new Interagency Working Group on Green Chemistry estab-
lished under this bill. The CENR has played a role in significantly advancing col-
laboration with other agencies, specifically on issues related to sustainability, in-
cluding advancing the mutual goals of economic growth and environmental protec-
tion.

State and Local Governments

Strong partnerships between EPA and the states achieve better environmental re-
sults. EPA has always worked with states to plan, set priorities, and encourage in-
novation to solve environmental problems. Most recently, EPA has begun to work
with states to determine the most effective and appropriate ways for EPA to bring
sound science to state-level decision-makers for environmental protection. At the
same time, EPA is working with the Environmental Council of States (ECOS) to as-
sess the sustainable development programs underway in the states and determine
how states address their scientific needs in the context of meeting environmental
goals. This project entails compiling a compendium of state sustainability activities,
research needs, and existing means by which states access sound science. The com-
pendium will include information about flagship sustainability projects in the states
as well as an inventory of legislative, regulatory, and non-regulatory programs and
tools. This represents one way in which EPA is working with states for improved
environmental and human health protection as well as advancing the goal of sus-
tainability.

Tribes

The American Indian Environmental Office (AIEO) coordinates the Agency-wide
effort to strengthen public health and environmental protection in Indian Country,
with a special emphasis on building tribal capacity to administer their own environ-
mental programs. AIEO oversees development and implementation of the Agency’s
Indian Policy and strives to ensure that all EPA headquarters and regional offices
implement their parts of the Agency’s Indian Program in a manner consistent with
Administration policy. One aspect of this relationship is the National EPA-Tribal
Science Council, commonly referred to as the Tribal Science Council (T'SC). The TSC
was created in partnership with tribal representatives to help integrate Agency and
tribal interests, specifically with respect to environmental science issues. The TSC
provides a forum for tribes and EPA to identify priority environmental science
issues and collaboratively design effective solutions to environmental concerns.
Through this partnership, EPA and Indian Country are moving towards improved
sustainable, comprehensive, long-term approaches to environmental and human
health protection.

Beyond Government

EPA has extensive collaborations and partnerships beyond the government with
non-governmental organizations (NGOs) and industry. Because these activities are
so numerous, they cannot be included here. While many of the EPA’s programs fo-
cused on sustainability—including the Collaborative Network for Sustainability and
the P3 Award—encourage partnerships across a range of stakeholders, there are
several existing examples that demonstrate collaborations specific to advancing
science and technology for sustainability. The examples shown in Appendix 4 rep-
resent current ongoing activities in terms of green chemistry, green engineering,
pollution prevention and sustainability with the American Chemical Society and
other activities with the private sector through the National Environmental Per-
formance Track.

CONCLUSION

By conducting research, developing green alternatives, implementing solutions,
and measuring results, EPA will achieve its mission more quickly and more cost-
effectively. Green chemistry and engineering are at the core of science and tech-
nology, and represent a critical component for EPA’s move to the next level of envi-
ronmental protection. Through science and technology innovations, demonstrated re-
sults, and collaborative networks, EPA continues to bring strong science to Federal,
State, local, and tribal governments as well as the private sector for catalyzing ac-
tion in protecting human health and safeguarding the environment. While we look



36

forward to working with the Committee to meet the goals of this legislation, the Ad-
ministration believes that it is unnecessary to enact this legislation at this time.
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Appendix 1

Examples of Results from the EPA/NSF Technology for a
Sustainable Environment (TSE) Grants Program

TSE Grant Example 1: In the first few years of the TSE program, research focused
on environmentally benign solvents. Organic solvents are often toxic substances
with widespread use as intermediates and final products. The early TSE research
focused on identifying environmentally benign alternatives to toxic solvents such as
liquid or supercritical CO,, water, and ionic liquids. CO, became the primary focus
of TSE research when EPA and NSF received numerous, high-quality proposals that
addressed the key scientific questions related to the use of CO, as an alternative
solvent. In 2003, EPA funded a “State of the Science” report on the use of CO; as
a solvent that outlined the scientific progress and growing commercial interest in
CO,. The report noted that the “use of CO, as a solvent is fast becoming 'mature’,
iInS sc”hievement due in large part to sustained funding in the area from EPA and

TSE-funded research has resulted in the development of CO,-based processes as
alternatives to organic or halogenated solvents for cleaning, treating, and coating
surfaces. This work resulted from a 1997 grant awarded to Dr. Joseph DeSimone
at the University of North Carolina-Chapel Hill. His research led to the develop-
ment of specialty detergent systems that easily dissolve in CO,. A small business
was then created and funded by EPA under its Small Business Innovation Research
(SBIR) program to advance this technology as an alternative to traditional dry
cleaning. Implementing this technology in the dry-cleaning sector has resulted in
significant reductions of perchloroethylene (perc) emissions (a suspected carcinogen)
and the associated burdens of environmental regulations. This technology is now
being used in five states and over 100 dry cleaning establishments.

These same technological advances used to develop CO, as an alternative solvent
led Dr. DeSimone to develop a process to manufacture polytetrafluoroethylene (Tef-
lon) using CO,. This process replaced previous processes that used chlorinated
chemicals or millions of gallons of water that needed to be treated before they en-
tered the public water system.

DuPont, the manufacturer of Teflon, adopted this innovative process and an-
nounced that it would invest $275 million to build and operate a world-class manu-
facturing facility in Fayetteville, North Carolina, using this new technology.

The potential for CO» as an environmentally preferable solvent is now being real-
ized in several additional areas, including separation processes in the food industry,
coatings in the automotive and furniture industries, polymer production and proc-
essing, and cleaning processes for the garment care (dry cleaning) and microelec-
tronics industries. The cost of ownership associated with the continued use of or-
ganic solvents is no longer a minor issue and CO, presents a unique, cost-effective,
benign alternative to utilizing a potential environmental pollutant as a feedstock.

For more information, see (http:/cfpub.epa.gov/ncer_abstracts/index.cfm/
fuseaction/display.abstractDetail/abstract/905/report/0).

TSE Grant Example 2: A critical component of waste minimization in fine chemi-
cals manufacture is the substitution of classical organic syntheses using stoichio-
metric amounts of inorganic reagents with cleaner, catalytic alternatives. New and
improved catalysts will enable important chemical reactions to be conducted under
milder conditions, with less energy expenditure, in a shorter time, using less reac-
tive and more environmentally friendly chemicals and solvents. For these reasons,
catalysis is another area of research focus under TSE.

A TSE grant awarded by EPA in 1996 to Dr. Terrence Collins at Carnegie Mellon
University, Pittsburgh, Pennsylvania, led to the development of oxidant activators
based on iron. These activators promise extensive environmental benefits including
a significant reduction in chlorinated pollutants. In addition, these alternative cata-
lysts provide superior technical performance and significant cost and energy savings
across a wide range of oxidation technologies.

Uses for these oxidant activators range from pulp and paper bleaching to fuel
desulfurization to water disinfection, and most recently, biological or chemical de-
contamination for homeland security. In the case of pulp and paper bleaching, these
activators proceed rapidly and efficiently at ambient temperatures with competitive
performance while completely eliminating chlorinated pollutants.

More than 85 percent of recalcitrant sulfur compounds in refined automotive fuels
can be easily removed using these powerful, environmentally friendly catalysts. Fur-
ther development of this technology has the potential to provide an attractive alter-
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native to existing methods that remove sulfur contaminants from fuels. Sulfur is as-
sociated with human health impacts, contributes to acid rain, and causes engines
to burn less efficiently. This innovative technology demonstrates immediate environ-
mental benefits by simultaneously reducing sulfur emissions from fuel combustion
and improving fuel efficiency.

Given the widespread applicability of this technology and its demonstrated envi-
ronmental and economic benefits, Dr. Collins is currently negotiating with several
companies to manufacture these oxidants on a metric-ton scale for widespread use.

For more information, see (https://www.fastlane.nsf.gov/servlet/
showaward?award=9612990).

TSE Grant Example 3: Another area of research concentration in the TSE pro-
gram has been the use of renewable, bio-based feedstocks for chemical production.
Use of renewable resources reduces the reliance on petroleum and has significant
long-range strategic benefits for the U.S. Bio-based feedstocks also do not have envi-
ronmental impacts associated with petroleum refining and processing. A “State of
the Science” report on the development of this process and the contribution of TSE
research is currently in progress.

A TSE grant awarded by EPA in 1998 to Dr. John Dorgan at Colorado School of
Mines in Golden, Colorado, contributed to the development of the first family of
polymers derived entirely from annually renewable resources that can compete with
traditional fibers and plastic packaging materials on a cost and performance basis.
These polymers are based on polylactic acid (PLA), a fully biodegradable and com-
pletely recyclable material, which is produced by fermenting and distilling corn
sugar. PLA production also uses internal recycle streams to eliminate waste, result-
ing in over 95 percent yields and preventing pollution at the source.

This technology is the basis for the world’s first global-scale manufacturing facility
capable of making commercial-grade plastic resins from annually renewable re-
sources such as ordinary field corn. Cargill-Dow opened this facility in November
2001 after a $750 million investment. The plan now produces more than 300 million
pounds of PLA annually and employs close to 100 people. From the corn plant to
the retail counter, PLA has a lifecycle that reduces fossil fuel consumption by up
to 50 percent. In addition, the process to make PLA generates 15 to 60 percent less
greenhouse gases (GHG) than the material it replaces. Research also shows that
technology advancements in PLA could allow up to 80 to 100 percent reduction in
GHGs. This unique technology offers a new material alternative that competes on
performance and price, while also reducing impact on the environment.

For more information, see (http:/cfpub.epa.gov/ncer_abstracts/index.cfm/
fuseaction/display.abstractDetail/abstract/967/report/0).
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Appendix 2

Intramural Research, Development, and Implementation at
EPA

As a result of EPA intramural research, several significant scientific and technical
advances in green chemistry and engineering have been developed and implemented
including:

¢ A novel process reactor, called a “Spinning Tube-in-Tube” or STT Reactor, has
been used by EPA research staff to enhance the effectiveness of new catalysts.
The STT Reactor, developed by Kreido Laboratories, consists of a small cyl-
inder spinning within a hollow tube at speeds beyond 5500 rpm. This creates
a well-stirred medium for chemical reactions such that mass transfer limita-
tions can be either minimized or eliminated. The SST Reactor embodies the
idea of process intensification through its potential for high throughput while
maintaining a small physical footprint. Utilizing a CRADA with Kreido, EPA
obtained an operating STT reactor for in-house experimentation. Employing
the newly created EPA-designed catalysts, and using identical reaction condi-
tions, researchers have been able to decrease the reaction time for partial se-
lective oxidation of cyclohexane from four hours in a traditional batch reactor
to below 25 minutes in the STT reactor. Currently, additional experiments
with the STT Reactor are being negotiated under CRADAs to allow EPA re-
searchers to develop other green chemistry applications for chemical produc-
tion where significant toxic releases occur.

¢ Over the years, EPA’s Green Metal Finishing program has evolved through
close interactions with the regulatory programs in the offices of Water and
Air Quality and Planning and Standards (OAQPS) in the Office of Air and
Radiation. One project evaluated the use of fume suppressants for emissions
control in hard chrome plating operations, an industry dominated by small
businesses. Using this work, OAQPS revised their newly promulgated max-
imum achievable control technology (MACT) emission standards to include
the results of the EPA demonstration of fume suppressants. The adoption of
this technology resulted in multi-million dollar cost savings to industry, as
well as major improvements in both EPA and Occupational Safety and Health
Administration compliance. EPA was also involved with the metal finishing
industry under the Common Sense Initiative (CSI) program involving indus-
try, stakeholder groups, and the Agency’s program offices including Office of
Water, OAQPS and Office of Solid Waste. Ultimately, the CSI’s Metal Fin-
ishing Committee developed a research agenda that was jointly implemented
by EPA’s laboratory and industry groups. EPA and the American
Electroplaters and Surface Finishers Society jointly sponsor an annual con-
ference to insure that the results of this research are transferred between the
research office, program offices, and industry.

* Researchers in EPA developed a novel process reactor called a Corona Reac-
tor. This reactor can be effectively and efficiently used in industrial oxidation
processes, such as in the oxidation of alcohols and hydrocarbons for the pro-
duction of value-added products. It can also be applied in advanced air and
water cleaning processes. The Corona Reactor (patent pending) uses an oxida-
tion protocol that has the advantage of the high oxidizing power of ozone
formed within the reactor, as well as the photo-oxidation capability of UV
light generated during ozone formation. This research has been conducted in
collaboration with Washington University at St. Louis and a small business
supported by EPA’s SBIR program, Ceramatec, of Salt Lake City, Utah. The
cleaning of indoor and airline cabin air are two potential applications of this.
Other applications include the cleaning and partial and deep oxidation of
waste gas streams from kraft pulp and paper mills. This ongoing study is
being done in collaboration with Miami University and the Mead Westvaco
Pulp and Paper Company of Chillicothe, Ohio.

As a result of EPA intramural research, several significant tools in science and
technology for sustainability have been developed and implemented including:

¢ Program for Assisting the Replacement of Industrial Solvents (PARIS II):
EPA is working to find cost-effective alternatives for industrial solvents that
raise concerns for worker health and toxins in the environment. PARIS II is
a software tool created to address this need by identifying pure chemicals or
design mixtures that can serve as alternatives to more hazardous substances
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currently in use. The “greener” solvents formulated by PARIS II have im-
proved environmental properties and can perform as well as the solvents they
were designed to replace.

Tool for the Reduction and Assessment of Chemicals and other environmental
Impacts (TRACI): The most effective way to achieve long-term environmental
results is to use a consistent set of metrics and a coherent decision-making
framework. The EPA developed TRACI, a software package that characterizes
the potential effects of specific chemicals or processes on ozone depletion and
global warming, human health and the ecosystem. TRACI’s modular design
allows the most sophisticated impact assessment methodologies to be com-
piled. TRACI can be used in life cycle assessments, to improve design, set cor-
porate environmental goals, plan a path to meet those goals, and then meas-
ure environmental progress.

Waste Reduction Algorithm (WAR): In traditional chemical process design, at-
tention is focused primarily on minimizing cost while the environmental im-
pact of a process is often overlooked. This could, in many instances, lead to
the production of large quantities of waste materials. It is possible to reduce
the generation of these wastes and their environmental impact by modifying
the design of the process. EPA recently developed a method to reduce wastes
that is based on a potential environmental impact (PEI) balance for chemical
processes. The PEI is a relative measure of the potential for a chemical to
have an adverse affect on human health and the environment. The result of
the PEI balance is an impact (pollution) index that provides a measure of the
impact of the waste generated by a process. The goal of this methodology is
to minimize the PEI for a process instead of minimizing the amount of waste
(pollutants) generated by a process. The impact estimation algorithm is so-
phisticated and flexible enough to allow users to emphasize or de-emphasize
different hazards as needed for particular applications. The result is a robust
process design that integrally incorporates environmental impact reduction.
The first version of the WAR Algorithm has been integrated into the commer-
cial simulator ChemCAD IV under a Cooperative Research and Development
Agreement (CRADA) between the EPA and Chemstations, Inc. A number of
other CRADAs are being negotiated that involve further development of the
WAR algorithm.
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Appendix 3

Success Stories in Pollution Prevention from EPA’s Small
Business Innovation Research Program

SBIR Example 1: EnerTech Environmental, Atlanta, Georgia, has successfully de-
veloped an innovative process that chemically converts municipal sewage sludge,
municipal solid waste, and other organic wastes into a high-energy, liquid fuel that
is cleaner to combust than most fuels. This process eliminates the need to burn or
bury organic wastes and begins to address the environmental burdens associated
with combustion and landfills. Instead it produces E-fuel, a valuable and cleaner
supplement or substitute for conventional fuels such as coal or oil.

For more information, see (http:/cfpub.epa.gov/ncer _abstracts/index.cfm/
fuseaction/display.abstractDetail/abstract/1517/report/0).

SBIR Example 2: Creare Incorporated, Hanover, New Hampshire, has designed a
novel cutting tool-cooling system (CUTS) that eliminates the need for cutting fluids
by indirectly cooling the cutting tool. Many companies use these costly and often en-
vironmentally problematic cutting fluids during machining operations. CUTS meets
or exceeds current machining performance, including tool life and final product
quality, when compared to traditional cooling systems that use cutting fluids. This
technology uses a prevention-oriented approach that alleviates the human and envi-
ronmental health and safety issues associated with cutting fluids.

For more information, see (http:/cfpub.epa.gov/ncer _abstracts/index.cfm/
fuseaction/display.abstractDetail/abstract/6098/report/0).

SBIR Example 3: Lynntech, Incorporated, College Station, Texas, is working to
commercialize a fundamentally new, inorganic conversion coating that is chromium
free and will protect aluminum from corrosion. Potentially toxic chromium conver-
sion coatings are used extensively to protect aluminum parts for the aerospace,
automobile, construction, and consumer products industries. Lynntech’s newly devel-
oped protective coatings meet rigorous corrosion protection standards and also elimi-
nate chromium exposure in the workplace and the environment.

For more information, see (http:/cfpub.epa.gov/ncer_abstracts/index.cfm/
fuseaction/display.abstractDetail/abstract/1375/report/0).
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Appendix 4

Examples of Collaborative Networks with the Private Sector
Related to Green Chemistry, Green Engineering, Pollution
Prevention, and Sustainability

American Chemical Society (ACS): EPA and the ACS have partnered for the
past eight years to host an annual Green Chemistry and Engineering Conference
on issues that include global awareness, innovation, homeland security, and sustain-
ability. A key objective of these conferences is to extend and strengthen the commu-
nity of scientists, engineers, government officials, and the public in support of green
chemistry. Conferences and symposia provide important opportunities for peer re-
view, network building, increased awareness, and general development of a Green
Chemistry community.

National Environmental Performance Track: This voluntary partnership pro-
gram recognizes and rewards private and public facilities that demonstrate strong
environmental performance beyond current requirements. The program is based on
the premise that government should complement existing programs with new tools
and strategies that not only protect people and the environment, but also capture
opportunities for reducing costs and spurring technological innovation. Performance
Track encourages participation of small, medium, and large facilities and its mem-
bers are located throughout the United States and Puerto Rico.

All major industries are represented in Performance Track, with manufacturers
of chemical, electronic and electrical, and medical equipment composing nearly 40
percent of the 344 members. Performance Track also provides recognition, regu-
latory flexibility, and other incentives that promote high levels of environmental
performance and provide a learning network where best practices can be shared.
The program encourages continuous environmental improvement through the use of
environmental management systems. Public outreach, community involvement, and
performance measurement are also important components of the program. Perform-
ance Track works within the business environment to encourage industry to reduce
egvironmental emissions below regulated levels through approaches that are cost-
effective.

For more information, see http://www.epa.gov/performancetrack.
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BIOGRAPHY FOR PAUL GILMAN

In April 2002, Dr. Gilman was sworn-in to serve as the Assistant Administrator
for the Office of Research and Development which is the scientific and technological
arm of the Environmental Protection Agency. In May 2002, he was appointed the
Agency Science Advisor. In this capacity, he will be responsible for working across
the Agency to ensure that the highest quality science is better integrated into the
Agency’s programs, policies and decisions.

Before his confirmation, he was Director, Policy Planning for Celera Genomics in
Rockville, Maryland. Celera Genomics, a bio information and drug discovery com-
pany, is known for having decoded the human genome. In his position Dr. Gilman
was responsible for strategic planning for corporate development and communica-
tions.

Prior to joining Celera, Dr. Gilman was the Executive Director of the life sciences
and agriculture divisions of the National Research Council of the National Acad-
emies of Sciences and Engineering. The National Research Council is the operating
arm of the National Academies which were chartered to provide independent advice
to the government in matters of science and engineering. Dr. Gilman’s divisions fo-
cused on risks to health and the environment, protection and management of biotic
reiources, and practical applications of biology including biotechnology and agri-
culture.

Before joining the National Research Council. Gilman was the Associate Director
of the Office of Management and Budget (OMB) for Natural Resources. Energy, and
Science. There he coordinated budget formulation, regulatory, and legislative activi-
ties between agencies such as the Environmental Protection Agency, National
gcience Foundation, Agriculture, and Energy with the Executive Office of the Presi-

ent.

Dr. Gilman served as Executive Assistant to the Secretary of Energy for technical
matters before joining the OMB. His responsibilities included participating in policy
deliberations and tracking implementation of a variety of programs including the
Department’s environmental remediation and basic science research.

Gilman has 13 years of experience working on the staff of the United States Sen-
ate. He began that time as a Congressional Science Fellow sponsored by the Amer-
ican Association for the Advancement of Science in the office of Senator Pete V.
Domenici. Later, as the Staff Director of the Subcommittee on Energy Research and
Development, he was involved in the passage of the Nuclear Waste Policy Act of
1982 and oversight of energy technology and environmental research. Later he
served as the chief-of-staff for Senator Domenici.

Dr. Gilman matriculated at Kenyon College in Ohio and received his A.B., M.A,,
and Ph.D. degrees in ecology and evolutionary biology from Johns Hopkins Univer-
sity, Baltimore, Maryland.

Chairman BOEHLERT. Thank you very much.
Dr. Cue.

STATEMENT OF DR. BERKELEY W. CUE, JR., VICE PRESIDENT
OF PHARMACEUTICAL SCIENCES, PFIZER GLOBAL RE-
SEARCH AND DEVELOPMENT

Dr. CUE. I need to have my first slide, please.

[Slide.]

Good morning, Chairman Boehlert and Members of the House
Science Committee. Thank you for the invitation to be here today
to describe Pfizer’s green chemistry program. I will summarize the
written testimony I have already submitted.

First, I will describe Pfizer’s green chemistry activities and, in
doing so, indicate how we believe these investments are paying off.
I will also discuss what we believe are the environmental and
human health benefits of pursuing green chemistry. I will address
some important impediments to pursuing green chemistry solu-
tions, and finally, I will share with you my views on the Green
Chemistry Research and Development Act of 2004.

First, let me begin by telling you about Pfizer. Pfizer was found-
ed in 1849 in Brooklyn, New York. Today, we are the world’s lead-
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ing health care company, with more than 130,000 employees world-
wide and over $45 billion in annual sales. We have over 200 poten-
tial drugs in our R&D pipeline, and we spent over $7 billion in
2003 to discover, develop, register, and commercialize them.

[Slide.]

Pfizer is committed to a business model that is sustainable. Our
environmental health and safety policy is based on the Inter-
national Chamber of Commerce Charter on Sustainable Develop-
ment. Sustainable development means meeting the economic, envi-
ronmental, and social needs of the present without compromising
the ability of future generations to meet their own needs.

[Slide.]

In 2002, Pfizer was the first U.S. pharmaceutical company to
sign the U.N. Global Compact, committing us to nine principles on
human rights, labor, and environmental performance.

[Slide.]

So what is green chemistry? I think several of you have already
defined it the way I do. There are 12 principles that guide green
chemistry, which is shown in this slide.

[Slide.]

Many chemists believe that the environmental gain usually
comes at an economic cost. However, for every green chemistry
principle, there is both an environmental and an economic benefit.
Without a doubt, green chemistry has been a win-win proposition
for Pfizer.

[Slide.]

Roger Sheldon, in 1994, reported that for every kilogram of drug
produced in our industry, between 25 and 100 kilograms of waste
are also produced. For those processes, we have redesigned—using
green chemistry principles, we have been able to reduce this num-
ber to between five and ten kilos of waste, a five to ten-fold im-
provement. At typical commercial volumes, this equates to hun-
dreds of thousands of kilograms of waste prevented each year for
each product. This is a double economic benefit. We are not pur-
chasing unnecessary raw materials or incurring the costs associ-
ated with treating and disposing this waste. Moreover, reducing
the environmental profile of our processes removes potential health
hazards from our environment.

[Slide.]

In 2002, Pfizer was awarded a U.S. EPA Presidential Green
Chemistry Challenge Award for our improvements in the manufac-
turing process of sertraline with the following results: our manufac-
turing yield doubled, the benign solvent ethanol was now used for
three of our conversions, almost 600 metric tons per year of solid
waste and 250 metric tons per year of aqueous waste were elimi-
nated. And as you can see in the lower left-hand corner of the slide,
the number and volume of organic solvents were dramatically re-
duced.

[Slide.]

We achieved similar results for our manufacturing process im-
provements for sildenafil citrate, the active ingredient in Viagra,
and received a Crystal Faraday Award in the United Kingdom last
year.
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Going forward, all Pfizer major drug product manufacturing proc-
esses are being evaluated for green chemistry improvements. Like
any R&D activity, not all efforts will be successful, but when we
are, the economic and environmental savings should be dramatic.

[Slide.]

Now let me address a couple of impediments. Today, there are
very few students graduating with chemistry majors who are
trained in, or even exposed to, green chemistry. So we are now edu-
cating our scientists about these principles. And to encourage this,
teams with the best ideas are awarded an annual trophy, manage-
ment recognition, and a cash prize to be donated to a college or a
university of their choice to encourage green chemistry education.

[Slide.]

We are also reaching out to academic institutions near our R&D
sites by hosting annual symposia where students are exposed to
green chemistry with real-life case studies. They leave with a bet-
ter understanding of how green chemistry is practiced in our indus-
try.

One question that has repeatedly surfaced in green chemistry
discussions is whether consumers will pay extra for environ-
mentally benign products. The general consensus is they will not.
As to the questions for this specific legislation, our experience
teaches that an integrated approach to green chemistry at Pfizer
that coordinates all of our efforts is a more effective way to a green
chemistry strategy.

By analogy, this proposed legislation establishes a green chem-
istry R&D program to promote and coordinate federal green chem-
istry research, development, demonstration, education, technology
transfer, and commercial application activities. These are all crit-
ical components of Pfizer’s successful green chemistry program.
The availability of merit-reviewed, competitive grants to support
academic programs and promote education and training of under-
graduate and graduate students in green chemistry should help to
address the issue of lack of adequate green chemistry programs.
And the charge of the Federal Government to create incentives for
the use of green chemistry products and processes will help to ad-
dress the issue of preferred treatment to—of companies who prac-
tice green chemistry.

[Slide.]

In closing, I would like to thank the Committee for your atten-
tion. I believe green chemistry has the potential to produce the
greatest change in the way synthetic chemistry is practiced in at
least the last quarter century. It is already redefining how chem-
istry is thought about and practiced at every stage of R&D and
commercial manufacture at Pfizer.

Thank you, again, for the opportunity to appear before this com-
mittee and to discuss Pfizer’'s green chemistry initiatives and the
proposed legislation.

[The prepared statement of Dr. Cue follows:]
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PREPARED STATEMENT OF BERKELEY W. CUE, JR.

w
Padl Pfizer Green Chemistry Initiative

Housa of Repredeniatves Scwence Commilbess TesSmany
The Gresn Chemistry Resaarch and Development fot of 2004
March 17, 2004
O Ecrlu:h!."n".l' Cipa
Phizer, Ine

Good morning Chairman Boehlert and Members of the House Science Committee.
I want to take this opportunity to thank you for the invitation to be here today to
describe Pfizer’s efforts around green chemistry and to help you understand why we
believe green chemistry is a critical ingredient in our company’s approach to cor-
porate citizenship and in developing more efficient research processes.

Over the next few minutes I will do my best to address three topics. First, I will
describe Pfizer’s green chemistry activities and, in doing so, indicate how we believe
these investments are paying off. Also, I will state as clearly as I can what we be-
lieve are the environmental and human health benefits of pursuing green chemistry.

I will address some important impediments to pursuing green chemistry solutions
and provide some context to help the Members of this committee understand which
areas could possibly benefit from more federal involvement in green chemistry.

Finally, I will share with you my views on the Green Chemistry Research and De-
velopment Act of 2004.
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Pfizer Inc.
*  Founded in 1849
*  Worlds leading healtheare eompany
= #1 In global pharmaceutical sales

= Waorld's largest private hiomedical rescarch group

- Top-ther countries Consumer and Animal Health
G roups

*  First US Pharmaceutical Company to sign UN
Global Compact (2002)

First, let me begin by telling you about Pfizer. Pfizer was founded in 1849 in
Brooklyn New York. The majority of the penicillin that went ashore with the Allied
forces on D-day was made by Pfizer using a novel deep vat fermentation process.
Today, we are the world’s leading health care company, with more than 130,000 em-
ployees worldwide, over $45 billion in annual sales reported for 2003, more drugs
rated number one in their therapeutic class in sales volume than any other com-
pany, we have over 200 potential products in our R&D pipeline and we spent over
$7 Billion in 2003 to discover, develop, register, and commercialize these products.
In addition to prescription human health care we have a large consumer health, or
over-the-counter drug business and are ranked first in animal health care as well.
I work in Pfizer Global R&D in the Groton, Connecticut Laboratories. There I lead
the departments that are responsible for the design and optimization of the manu-
facturing processes for our active drug (API) and dosage forms such as tablets, cap-
sules, and injectable formulations. I also lead the company’s green chemistry efforts,
working with colleagues around the world.
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When a company achieves this sustained level of success we are expected to pro-
vide leadership. Pfizer is committed to a business model that is sustainable. Our
environmental, health and safety or EH&S policy is based on the International
Chamber of Commerce Charter on Sustainable Development. The Brundtland Com-
mission’s report in “Our Common Future” in 1987 states that sustainable develop-
ment meets the economic, environmental and social needs of the present without
compromising the ability of future generations to meet their own needs.

In 2002 Pfizer was the first pharmaceutical company to sign the U.N. Global
Compact, committing us to nine principles on human rights, labor and environ-
mental performance.

Our purpose statement is to dedicate ourselves to humanity’s quest for healthier,
happier lives through innovation and our mission is to become the world’s most val-
ued company to patients, customers, colleagues, investors, business partners and
the communities where we live and work. Green Chemistry helps make all of this
achievable.
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' What is Green Chemistry? ol

“...the utilization of a set

of principles that reduces

or eliminates the use or
generation of hazardous I
substances in the design, |
manufacture and

application of chemical
products.”

*Source: Paul T. Anastas and Jahn G, Wamer, Graen Chamisiny: Thaany
and Prachion [Mew York, NV Dxlord Urdvarsly Prass Ine, 1958)
I58H 012 B_SIE’EB S "

So what is Green Chemistry? The best articulation I've found is the one proposed
by Paul Anastas from the White House Office of Science and Technology Policy
(OSTP) and John Warner, Director of the Center for Green Chemistry at the Uni-
versity of Massachusetts-Boston and a Pfizer consultant for green chemistry. “Green
Chemistry is the utilization of a set of principles that reduces or eliminates the use
or generation of hazardous substances in the design, manufacture and application
of chemical products.”
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12 Principles of Green Chemistry

1. Prevention 7. Use Renswalble

2. Alom Econany Feedstocks

3, Less Hazardous 8. Reduce Dervabives
Chemical synihesis 9. GCatalysis

4, Design Safer 10. Design for Degradatian
Chemicals 11. Real-Time Analysis for

5. Safely Solvanis & Pollution Prewention
Auriliaries 12. Inherently Safer

B. Design for Enengy Chemistry for Accidant
Efficiency Prewention

The Twelve Principles of Green Chemistry

1.

2.

10.

Prevention: It is better to prevent waste than to treat or clean up waste
after it has formed.

Atom economy: Synthetic methods should be designed to maximize the in-
corporation of all materials used in the process into the final product.

. Less Hazardous Chemical Synthesis: Wherever practicable, synthetic

methodologies should be designed to use and generate substances that pos-
sess little or no toxicity to human health and the environment.

. Design Safer Chemicals: Chemical products should be designed to pre-

serve efficacy of function while reducing toxicity.

. Safety Solvents and Auxiliaries: The use of auxiliary substances (e.g.,

solvents, separation agents, etc.) should be made unnecessary wherever pos-
sible and, innocuous when used.

. Design for Energy Efficiency: Energy requirements should be recognized

for their environmental and economic impacts and should be minimized.
Synthetic methods should be conducted at ambient temperature and pres-
sure.

. Use Renewable Feedstocks: A raw material of feedstock should be re-

newable rather than depleting wherever technically and economically prac-
ticable.

. Reduce Derivatives: Unnecessary derivatization (blocking group, protec-

tion/deprotection, temporary modification of physical/chemical processes)
should be avoided wherever possible.

. Catalysis: Catalytic reagents (as selective as possible) are superior to stoi-

chiometric reagents.

Design for Degradation: Chemical products should be designed so that at
the end of their function they do not persist in the environment and break
down into innocuous degradation products. For the Pharmaceutical Indus-
try this principle is especially challenging since we are required to dem-
onsgrate our drug to be stable in the dosage form for the shelf life of the
product.
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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: Substances 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, explo-
sions, and fires.
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Now I will address some of the benefits we have achieved by practicing green
chemistry. The general perception among chemists who are not savvy about green
chemistry is that the environmental gain usually comes at an economic cost. In this
slide we demonstrate that for every principle there is both an environmental and
an economic benefit. Thus, green chemistry supports our corporate citizenship to
both environmental and economic performance. Without a doubt, it has been a win-
win proposition for Pfizer.

Pfizer has been practicing the principles of process development and optimization
for a long time. When we became aware of green chemistry in the late 1990’s it
seemed to us that this approach offered several benefits. We found a strong level
of alignment between our traditional approach to chemical synthesis and process op-
timization with many of the principles, as well as a new way of thinking about
chemical at all scales—from milligram quantities in the laboratory to tens of thou-
sands of kilograms produced commercially.

An analysis of the performance of the pharmaceutical industry in terms of process
efficiency published by Roger Sheldon in 1994 determined that for every kilogram
of drug produces between 25 and 100 kilograms of waste are produced. For those
processes where we have applied green chemistry principles we have been able to
reduce this number to between 5-10 kilos of waste per kilo of product. A 5- to 10-
fold improvement! At commercial product volumes this equates to hundreds of thou-
sands of kilos of waste prevented each year for each product where we have suc-
ceeded in finding a greener chemistry alternative. There is a double economic ben-
efit here-we are not purchasing raw materials that are lost to unwanted byproducts
and we do not incur the expense costs associated with treating and disposing of this
waste.

There may be some who believe zero waste is achievable. My view is that in prep-
aration of complex organic molecules the production of by products is unavoidable.
The goal of our chemists is to make this number as small as is technically feasible.
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In 2002 Pfizer was awarded a U.S. EPA Presidential Green Chemistry Challenge
Award for our improvements in the manufacturing process of sertraline hydro-
chloride, the active ingredient in our anti depression product Zoloft. Please note in
the lower left corner of the slide, the substantial reduction in overall solvent usage
as well as the complete elimination of the use of methylene chloride, a highly haz-
ardous substance.

Green Chemistry objectives were emphasized in the redesign of the sertraline
process, resulting in quality chemical transformations with dramatic environmental
and worker safety improvements. Manufacturing yield has essentially doubled. The
benign solvent ethanol, obtainable from biomass, is now used for three synthetic
conversions. The hazardous dehydrating reagent titanium tetrachloride was elimi-
nated. A more selective catalyst now drives more complete conversion of the starting
materials to racemic sertraline. In-situ resolution of the diastereomeric salts,
through highly selective crystallization, is now used to produce pure S,S-sertraline.
Overall, two intermediate isolations and a salt conversion step were eliminated.

The environmental and safety improvements are dramatic. Use of approximately
140 metric tons/year of titanium tetrachloride and the generation of 440 metric tons/
year of problematic solid titanium dioxide wastes were eliminated. Approximately
150 metric tons/year of 35 percent HCl were eliminated. Neutralization of the highly
acidic step 2, requiring approximately 100 metric tons/year of 50 percent NaOH,
was eliminated. Consequently, high-salt waste streams are no longer produced. De-
hydration additives and aqueous washes were eliminated, and the number and vol-
ume of solvents used were dramatically reduced. The efficiency of raw material,
water, and energy use were dramatically improved.

The EPA is to be commended for sponsoring this award, not because we received
it in 2002, but because it is contributing to raising the visibility of green chemistry
and contributing to a cleaner, safer environment.
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This slide demonstrates that, following green chemistry principles, similar dra-
matic improvements have been achieved for the manufacture of sildenafil citrate,
the active ingredient in Viagra, our drug for treating erectile dysfunction. This im-
provement was recognized with a 2003 Crystal Faraday Award, presented by the
Institute of Chemical Engineering in the United Kingdom. The efficiency factor for
this process is below 10, down from a typical 25 or greater for pharmaceutical man-
ufacturing processes developed in the absence of green chemistry considerations.

This year we have submitted three applications for U.S. EPA Presidential Green
Chemistry Challenge Awards for improvements in the manufacturing processes to
celecoxib, the active ingredient in our anti arthritis agent Celebrex, for quinapril hy-
drochloride, the API in Accupril for treating high blood pressure and for sildenafil
citrate, which I already described. Going forward all, major drug product manufac-
turing processes are being evaluated for green chemistry improvement potential.
Like any R&D activity, not all efforts will be successful, but when we are the eco-
nomic and environmental savings can be dramatic.

There are other benefits as well. Our leadership in green chemistry has improved
our ability to attract and retain the best synthetic chemists in the marketplace. To-
day’s graduating students are more environmentally conscious. They asked tough
questions and we have good answers. Our green chemistry program allows us to
communicate with external stakeholders about our commitment to corporate citizen-
ship and sustainability. Last year we maintained our position in the pharmaceutical
sector Dow Jones Sustainability Index, which enhances our shareholder value, in
part because of our leadership in green chemistry.
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Let me now address the question of impediments-focusing on three that are im-
portant to our industry.

1. Academic training: Today, there are very few students graduating with chem-
istry majors who are trained in or even exposed to green chemistry. In the slide
shown now we are investing a huge amount of energy to educate our scientists
about the green chemistry principles and how they apply to our daily R&D ef-
forts. We would be in a much better place if the chemists who joined our com-
pany were practicing green chemistry on the first day of work. In addition to ac-
tive education we sponsor R&D site based awards to encourage green chemistry.
In addition to a trophy and public recognition the recipients are awarded a cash
prize, with the stipulation that they donate it to a college or university of their
choice to encourage green chemistry education. The legislation you are consid-
ering today should help support more focus on green chemistry education at the
college and university levels. There are a few schools that do this very well today:
U. Mass.-Boston, Carnegie Mellon, University of Alabama, Washington State
University, to mention some of them. More are needed.
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To address this issue Pfizer has begun a program of reaching out to universities
near our R&D sites to host symposia where students are exposed to green chemistry
in real life case studies. They leave with a better understanding of how chemistry
is practiced in the pharmaceutical industry and how green chemistry contributes to
R&D success.

Another potential barrier to companies in our industry pursuing green chemistry
solutions is the need to pay strict attention to the purity profile of the drugs we
produce. By definition, an active pharmaceutical ingredient (API) is the active chem-
ical and its normal process related substances (PRS’s). This profile is established as
part of the R&D process and is “qualified” as part of our preclinical animal safety
studies and human clinical development experience. This profile is described in our
regulatory submissions (New Drug Application in the U.S.) and establishes the
ranges for our product quality specifications. Changes in the manufacturing proc-
esses can create new process-related substances, easily detectable using modern an-
alytical tools. Presence of these new PRS’s at higher than allowed levels could neces-
sitate redoing significant portions of development work, a time-consuming expensive
and risky proposition. Every company has instances where processes which produce
higher yields of cleaner product with a much better environmental profile, but were
not pursued further because of this barrier. Obviously, using green chemistry earlier
will lessen, but not remove this risk. In this case the goal of the FDA and the EPA
may not always be mutually compatible. It is very important that we retain the
flexibility to make business decisions that weigh and balance business risks with
potential benefits.

One issue that has repeatedly surfaced in green chemistry discussions is whether
corﬁsumers will pay for environmentally benign products. The consensus is that they
will not.

Executive Order 13101 was signed in September 1998. In section 102, it states,
“consistent with policies established by the Office of Federal Procurement Policy
(OFPP) agencies will comply with executive branch policies for the acquisition and
use of environmentally preferable products and services and implement cost-effec-
tive procurement preference programs favoring the purchase of these products and
services.

We believe that companies that produce products derived from manufacturing
processes consistent with green chemistry principles should qualify for consideration
under this Executive Order.
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As to the question of this specific legislation our experience teaches that an inte-
grated approach to green chemistry at Pfizer that coordinates the efforts of R&D,
Manufacturing and EH&S is a more effective way to create an effective green chem-
istry strategy. Prior to this we had a series of unconnected tactics, with no guar-
antee that we were gaining maximum benefit or that we were not seeing unneces-
sary duplication of effort.

The proposed legislation establishes a Green Chemistry R&D Program to promote
and coordinate federal green chemistry research, development, demonstration, edu-
cation, technology transfer and commercial application activities. These are all crit-
ical components of Pfizer’s successful green chemistry initiative. The availability of
merit-reviewed competitive grants to support academic programs and to promote
education and training of undergraduate and graduate students in green chemistry
should help address the issue of lack of adequate green chemistry programs in aca-
demic institutions. The charge to the Federal Government to create incentives for
use of green chemistry products and processes should help to address the issue I
raised with respect to Executive Order 13101. Of specific interest to the Pharma-
ceutical industry would be the working relationship between this inter-agency group
and reviewing chemists at the Food and Drug Administration. We believe that the
levels of appropriation are appropriate for the initiation and sustaining of this pro-
gram over the 2005-2007 timeframe.

3 Summary g

At Plizer Good Science, Technology and
Engineering are the Foundations of Green
Chemistry
Car success can be tied to crcutlni a company-
wide integrated strategy- linking local
initiatives,
Green Chemistry and Business Success are key
ingredients in corporate citizenship.
Development and optimization of Pfizer
processes is a continuum from the first gram to
the last kilogram.

In closing I would like to thank the Committee for your attention. Green chem-
istry has the potential to produce the greatest change in the way synthetic chem-
istry is practiced in the last quarter century. It is already redefining how chemistry
is thought about and practiced at every stage of R&D and commercial manufacture
at Pfizer.

My crystal ball is no better at discerning the future than anyone’s, but my pre-
diction is that at some time in the future a Nobel Prize in Chemistry will be award-
ed to a green chemist. Our CEO, Dr. Hank McKinnell is fond of telling Pfizer em-
ployees, “the patient is waiting.” In this context, it is clear that our environment
is waiting too.

Thank you again for the opportunity to appear before you today and discuss
Pfizer’s Green Chemistry initiatives and the proposed legislation.
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BIOGRAPHY FOR BERKELEY W. CUE, JR.

At Pfizer Dr. Cue is responsible for the departments (Analytical R&D, BioProcess
R&D, Chemical R&D, Pharmaceutical R&D, Regulatory CMC and Pharmaceutical
Sciences Business Operations) that comprise Pharmaceutical Sciences. He was a
member of the Worldwide Pharmaceutical Sciences Executive Team, and the Groton
Laboratories Leadership Team. He also leads Pfizer’'s Green Chemistry Initiative
and has spoken extensively on this topic since 2000. Dr. Cue started in Pfizer in
1975 in the Animal Health Organic Chemistry Department. He transferred to the
Process R&D Department of Developmental Research in 1979. Became head of the
PR&D Department in 1988 assumed responsibility for Analytical and BioProcess
R&D as well in 1993 and US Developmental Research in 1998. Chaired the CVMD
EDMT (1998-1999) and co-chaired the division’s Performance Management Task
Force (1992-1993). He received a BA from the University of Massachusetts-Boston
(1969), his Ph.D. (Organic Chemistry) from the University of Alabama (1974), and
completed Postdoctoral Research at the Ohio State University (1974), National Can-
cer Institute Research Fellow, University of Minnesota (1975). In 2000 he was ap-
pointed to the Science Advisory Board at the University of Massachusetts-Boston.
In 2003 he was elected to the Green Chemistry Institute Board of Directors. Dr. Cue
will retire from Pfizer in 2004 after almost 29 years. He intends to remain active
in Green Chemistry through his affiliations with the Green Chemistry Institute and
the University of Massachusetts-Boston.
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Groton Laboratories

Pfizer Inc

Eastern Point Road  8118-01

Groton, CT 06340

Tel 860 441 3669 Fax 860 441 4735
Email berkeley_w_cue@groton.pfizer.com

@ Global Research & Development

Berkeley W. Cue, Jr., Ph.D,
Vice President
Pharmaceutical Sciences

March 17, 2004

The Honorable Sherwood Boehlert
Chairman, Science Committee
2320 Rayburn Office Building
Washington, DC 20515

Dear Congressman Boehlert:

Thank you for the invitation to testify before the Committee on Science of the U.S.
House of Representatives on March 17™ for the hearing entitled H.R. 3970, the Green
Chemistry Research and Development Act 0f 2004. In accordance with the Rules
Governing Testimony, this letter serves as formal notice that Pfizer received no federal
funding directly supporting the subject matter on which I testified, in the current fiscal
year or cither of the two proceeding fiscal years.

Wy
Berkeley %, Ir.

Chairman BOEHLERT. Thank you, Dr. Cue. Pﬁzer has a good
story to tell in its responsible approach to this subject, and I appre-
ciate your telling it exceptionally well. . ‘

For the purpose of introduction, I recognize the author of the bill
and a leading voice in the Congress, Dr. Gingrey.

Mr. GINGREY. Thank you, Mr. Chairman.

I am very pleased to—actually to reintroduce Mr. Steve Bradfield
from Shaw Industries in Georgia. And Steve, I understand your son
is with you today, is that correct? Can he raise his hand? His name
is—

Mr. BRADFIELD. Drew.

Mr. GINGREY.—Drew. We welcome you, too, Drew.

Steve has been with Shaw Industries since 1991 and currently
serves as Vice-President of Environment Development. And I am
proud to have Shaw Industries in my home state, Whitfield Coun-
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ty, Dalton, Georgia. It is not quite in my 11th Congressional Dis-
trict, but I am still working on that. Shaw won a 2003 Presidential
Green Chemistry Challenge Award for the development of
EcoWorx™, carpet tile that is made from low-toxicity feedstocks
and is recyclable. Steve conceived and led that effort and continues
to push Shaw’s model cradle-to-cradle environmental statement
throughout Shaw Industries. And I look forward to hearing from
his expertise and experience on green chemistry.

Thank you, Mr. Chairman.

Chairman BOEHLERT. Thank you, Dr. Gingrey. That is a great in-
troduction. And I am glad, Mr. Bradfield, that you brought Drew
with you, because that is the very corner in our society that we are
really anxious to get excited about this. So I am glad to hear him
listening with wrapped attention to our witnesses.

Mr. Bradfield.

STATEMENT OF MR. STEVEN BRADFIELD, VICE PRESIDENT OF
ENVIRONMENTAL DEVELOPMENT, SHAW INDUSTRIES, INC.

Mr. BRADFIELD. I would like to think, Mr. Chairman, that he is
just enthralled by this, but I think the prospect of getting out of
school for a couple of days was what swung him my way.

Congressman Gingrey, Mr. Chairman, and Committee Members,
it is an honor to be invited to share my comments with you today
on the Green Chemistry Research and Development Act of 2004. 1
am here more on the capacity of representing the industry today,
quite frankly. I would like to make comments on the behalf of the
Carpet and Rug Institute, and the many carpet members who are
making such important strides, as well as Shaw, in this area. I
have been asked to speak and communicate the outstanding efforts
and collective comments of the industry in the area of green chem-
istry and sustainability.

Good carpets begin with good chemistry. Over the years, our in-
dustry has consistently made changes to promote human and envi-
ronmental health and safety. We did this before green chemistry
and sustainability became watchwords for a very simple reason: it
increased the desirability of carpet in the eyes of our customers
and provided—and improved our profitability. Customer demand
and profitability are the most enduring drivers of green chemistry
and sustainability, without a doubt.

Green chemistry has long been valued by the industry. Since
1992, the CRI has administered a voluntary indoor air quality pro-
gram, known as Green Label Certification. It is a cooperative effort
between the carpet industry and its suppliers to eliminate and re-
duce chemicals of concern to levels that are far below the volatile
organic compound emission rates of other interior building finishes.
No other building material industry has committed this level of re-
sources or achieved as much progress in indoor air quality improve-
ment.

With this experience in mind, we urge the Interagency Working
Group to work closely with industry to set ambitious and realistic
goals for ongoing green chemistry programs. It is often easy to lose
sight of the value vested in the “willing,” those who take up the
challenge to develop materials that extend the reach of green
chemistry, while the “unwilling” remain anonymous and untouched
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by the effort to create a sustainable environment for our children.
We are not suggesting penalties for the faint of heart. We believe
that rewarding those that commercialize green chemistry develop-
ments with research and development grants, tax incentives, and
preferential federal purchasing programs will drive the desired ad-
vances in green chemistry, in addition to the bill before you.

To those of us in the manufacturing sector, green chemistry im-
plies developments that are robust, that are additive to the value
we bring to our markets, and are highly implementable. We believe
green chemistry should be defined to include materials and process
development. It should include pollution prevention that moves us
to the paradigm of becoming “less bad” in the near term, but
should look forward to the longer term development of “closed-loop”
systems that can help us eliminate the very concept of waste.

The carpet industry believes that green chemistry will proceed
along two major pathways: nature’s organic path, and man’s syn-
thetic/technical path. Both are valid and offer a variety of prom-
ising discoveries and inventions. Bio-chemicals and biopolymers
offer exciting possibilities for agriculture and industry. Meanwhile,
our continued reliance on oil-based materials assures that the re-
sulting waste will be available as recyclable feedstock for synthetic
closed-loop processes.

Our industry has many commercialized examples of green chem-
istry at work. On the fiber side, Mohawk Industries and Beaulieu
of America are taking post-consumer polyester drink bottles, which
we have before you today, processing them into flake, and then re-
melting and extruding the material into polyester carpet fiber,
ready for spinning, dying, and tufting into residential carpet. Hon-
eywell has developed a technology to recover the caprolactum mon-
omer building block of nylon 6 from post-consumer carpet. Invista
collects post-consumer carpet and sends the dyed nylon into recy-
cled uses, such as extrusion molded under hood car parts and
geotextiles. Dow Cargill has developed a bio-based fiber, called
polylactic acid, from corn. It is now being evaluated for residential
carpet.

We believe that industry has a valid role in helping to define a
practical research and development agenda. We respectfully sug-
gest that the Interagency Working Group undertake a survey of
current environmental programs within the Federal Government to
bring them up to date with the broad range of sustainability char-
acteristics that will be impacted by green chemistry developments.
These impacts are being defined and clarified through the use of
life cycle analysis. Reliance on single environmental metrics, like
recycled content, may actually result in a disincentive to green
chemistry development in many circumstances. First generation
polymers usually can not contain significant recycled content until
a value recovery system returns them to second-generation manu-
facturing.

New materials and processes are beginning to take root in our
industry. Many carpet companies are recognizing that traditional
thermoset materials can be replaced by thermoplastics, facilitating
the recovery, re-melting, and re-extrusion of tried and true mate-
rials, like vinyl. Collins & Aikman and Interface have developed
systems for returning vinyl carpet tile backing to their backing
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processes. And as has been mentioned, Shaw was recognized for
the 2003 Presidential Green Chemistry Award for developing a
thermoplastic polyolefin carpet backing. The CRI Annual Sustain-
ability Report includes many other industry developments and
practices that reduce the environmental footprint of carpet through
green chemistry.

The Carpet America Recovery Effort, which is a nonprofit effort,
including the carpet industry, the Federal EPA, state governments,
and NGOs with the goal of diverting 40 percent of landfill waste
by 2012, a very ambitious goal. Imagine a future when no carpet
goes to a landfill but is separated into its constituent parts at the
end of its useful life to be sustainably recycled over and over again.
This is happening today with some carpet types, but not enough as
yet is being diverted to significantly reduce the 4.5 billion pounds
of carpet that reaches our landfills today. Green chemistry can help
develop beneficial uses for these materials.

Perhaps the most compelling reason to support green chemistry
and the growth of sustainable materials and processes in carpet is
jobs. Annual carpet production and consumption in the U.S. of $12
billion is equal to the rest of the world carpet production and con-
sumption combined. Carpet jobs will stay in the U.S. if we can de-
velop ways to keep post-consumer carpet material in sustainable
closed-loop recycling systems that reduce the need for virgin raw
materials and lower the energy embodied in successive generations
of carpet. Why would any U.S. company choose to manufacture
overseas if their valuable raw materials are being collected and re-
cycled at lower cost, with no sacrifice of performance from Amer-
ican homes and businesses in close proximity to the means of pro-
duction?

The economic benefits of green chemistry are quantifiable in each
of the examples given herein. As an industry, green chemistry has
helped to reduce the water required for dying a square yard of car-
pet from 14.9 gallons in 1995 to 8.9 gallons in 2002. The energy
requirement for thermal fuels used to make a square yard of carpet
have fallen from 14.5 million BTUs in '95 to 10.3 million BTUs in
2002. Today, the carpet industry has the same level of CO, emis-
sions it reported in 1990, yet it produces 47 percent more carpet.

Shaw’s experience with green chemistry is representative of the
developments that are ongoing in the industry. By way of illustra-
tion, Shaw’s polyolefin carpet tile backing has fueled an average
growth rate in Shaw carpet tile of almost 15 percent per year over
the last four years. This growth provides 440 jobs in our
Cartersville, Georgia carpet tile facility and generates over $100
million annually in revenue. It has reduced packaging costs by 70

ercent, shipping costs by 20 percent, and resulted in over
5100,000 in annual post-industrial scrap recovery. The recovery of
the post-consumer carpet tile will result in even more savings in
the second generation.

I brought some materials that have contributed to the success of
this program, and with your indulgence, I am running a little later
than most, but I would encourage you to take a look at these as
you can. What I have for you here is basically recycled content
nylon and metalacene catalyzed polyolefin. And gentlemen, these
things will be very difficult to see from afar, but if you would like
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for someone to bring them up for you, I would be glad to do that.
In addition——

Chairman BOEHLERT. Perhaps your associate, Mr. Bradfield,
Drew Bradfield, could bring them up, and we could pass them
around?

Mr. BRADFIELD. Drew would be more than happy to. We seem to
have somebody who is coming up now. I can’t get him to do any-
thing at home, either, by the way.

Fully oxidized fly ash is one of the components that replaces vir-
gin limestone, which is mined from the Earth. Post-consumer poly-
ethylene from plastic bag waste, the post—and the post-consumer
carpet tile processed into two raw material streams, the nylon
stream to be depolymerized by nylon and returned to nylon produc-
tion, and a polyolefin backing stream to be returned to backing ex-
trusion. The point here is that what you have in your hands mov-
ing around is the entire carpet tile. None of these materials need
ever reach a landfill if consumers will take advantage of the value
recovery system at the other end of the toll-free number imprinted
on the back of every carpet tile we ship.

Other manufacturers share similar economic stories that are just
as compelling. I have brought some other materials here. This is
post-consumer polyester bottle flake.

Chairman BOEHLERT. Appropriately green.

Mr. BRADFIELD. Appropriately green today, so I don’t get
pinched. This clear version of this material, which would be from
the bottle that we have here in front of us, can be used, as I said,
to make polyester fiber for carpet. This green material has been
problematic over the years, because there has not been a use. How-
ever, we have been able to spin this into fiber and make it into a
carpet padding, which can be attached to the back of a carpet in
today’s market.

In conclusion, the carpet industry supports the adoption of the
Green Chemistry Research and Development Act of 2004 with the
suggestions that Congress encourage a cooperative effort among
government, academia, and business, that Congress seek additional
incentives to reward companies, large and small, that commer-
cialize green chemistry developments, that obstacles to the green
chemistry process be removed from current federal environmental
programs, and that adoption of green chemistry in the broader con-
text of sustainable product development should become a primary
instrument of pollution prevention policy. These goals are worthy
of our collective investment of time, treasure, and talent. Distin-
guished Committee Members, I brought my 17-year-old son, Drew,
with me here today from Dalton to let him know that it is his fu-
ture, and his world, that will benefit from our efforts. I hope some-
day he may sit where you are, or where I am, with your sons and
daughters to push green chemistry to greater levels of success than
we can imagine here today.

Thank you.

[The prepared statement of Mr. Bradfield follows:]

PREPARED STATEMENT OF STEVE BRADFIELD

Mr. Chairman and Committee Members, it is an honor to be invited to share my
comments with you today on the Green Chemistry Research and Development Act
of 2004. 1 represent the fiber, carpet, and rug manufacturer members of the Carpet
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& Rug Institute, headquartered in Dalton, GA, as Chairman of Sustainability
Issues. I have asked to speak in this capacity to communicate the outstanding ef-
forts, and collective comments, of our industry members is the area of green chem-
istry and sustainability.

The carpet industry is one of the last bastions of US textile manufacturing. Our
industry has maintained its long-standing relationships with the communities
where we've lived and worked for four generations, and we intend to keep doing so.
We've largely accomplished this through the development of material and process
technologies that have resulted in continuous improvements in the value of soft floor
covering. Technology development is the lifeblood of our industry.

Good carpets begin with good chemistry. Over the years our industry has consist-
ently made changes that promote human and environmental health and safety. We
did this before green chemistry and sustainability became watchwords for a very
simple reason—it increased the desirability if carpet in the eyes of our customers
and improved profitability. Customer demand and profitability are the most endur-
ing drivers of green chemistry and sustainability.

While it can be argued that many environmental improvements date from 1985
with the advent of Toxic Release Index reporting, far more improvements have been
driven by market forces. The permanence and efficiency of positive change driven
by a free market cannot be underestimated. No regulations could have moved our
industry so far and so fast in the direction of sustainable development.

Green chemistry has long been valued by our industry. Since 1991 the CRI has
administered a voluntary indoor air quality program know as Green Label Certifi-
cation. It is a cooperative effort between the carpet industry and its suppliers to
eliminate and reduce chemicals of concern to levels that are far below the volatile
organic compound emission rates of other interior building finishes. No other build-
ing material industry has committed this level of resources or achieved as much
progress in indoor air quality improvement.

We've raised the bar in the Green label Program three times since 1991 and will
soon raise it yet again to meet our pledge of continuous improvement and leadership
on this green chemistry issue. But as with any voluntary program, these improve-
ments are never fast enough or far enough to satisfy all stakeholders. We strongly
urge the Interagency Working Group to work closely with industry to set ambitious
and realistic goals for ongoing green chemistry programs.

It is often easy to lose sight of the value vested in the “willing,” those who take
up the challenge to develop materials that extend the reach of green chemistry,
while the “unwilling” remain anonymous and untouched by the effort to create a
sustainable environment for our children. We are not suggesting penalties for the
faint of heart. We beliecve that rewarding those that commercialize green chemistry
developments with research and development grants, tax incentives, and preferential
federal purchasing programs will drive the desired advances in green chemistry.

We also encourage this committee to acknowledge the broad range of activities en-
compassed by green chemistry. To those of us in the manufacturing sector green
chemistry implies developments that are robust, additive to the value we bring to our
markets, and highly implementable. We believe green chemistry should be defined
to include materials and process development. It should include pollution prevention
in the classic sense of moving us toward the paradigm of becoming “less bad” in the
near-term, but should also look forward to the longer-term development of “closed-
loop” systems that move us into the “environmentally good” paradigms that allow
us to mimic Mother Nature. Green Chemistry can help us to eliminate the very con-
cept of waste.

The carpet industry believes that green chemistry will proceed along two major
pathways—nature’s organic path, and man’s synthetic/technical path. Both are valid
and offer a variety of promising discoveries and inventions. Bio-chemicals and bio-
polymers offer exciting possibilities for agriculture and industry. Meanwhile, our
continued reliance on oil-based materials assures that the resulting waste will be
available as recyclable feedstock for synthetic closed-loop processes.

Our industry has many commercialized examples of green chemistry at work. On
the fiber side Mohawk Industries and Beaulieu of America are taking post-consumer
polyester drink bottles, processing them into flake, and remelting and extruding the
material into polyester carpet fiber ready for spinning, dyeing, and tufting into resi-
dential carpet. Honeywell has developed a technology to recover the caprolactam
monomer building block of nylon 6 from post-consumer carpet. Invista collects post
consumer carpet and sends the dyed nylon into recycled uses such as extrusion
molded under hood auto parts and geotextiles. Cargill Dow has developed a bio-
based fiber called polylactic acid from corn that is now being evaluated in residen-
tial carpet
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While universities, laboratories, and other basic research paths are a precursor
to many of the applications of green chemistry that will find their way into our fa-
cilities, basic research alone will not change the way we manufacture and consume
products. How will the research and development dollars granted by the agencies
specified in the House Bill find their way into real solutions to real problems that
face all Americans? How will priorities be established? We beliecve industry should
have a voice in defining the research and development agenda.

We respectfully suggest that the Interagency Working Group undertake a survey
of current environmental programs within the Federal Government to bring them
up to date with the broad range of sustainability characteristics that will be im-
pacted by green chemistry developments. These impacts are being defined and clari-
fied through the use of life cycle analysis. Reliance on single environmental metrics
like recycled content may provide a disincentive to green chemistry development in
many circumstances. First generation polymers usually cannot contain significant re-
cycled content until a value recovery system returns them to second-generation manu-
facturing.

New materials and processes are beginning to take root in our industry. Many car-
pet companies are recognizing that traditional thermoset materials can be replaced
by thermoplastic materials—facilitating the recovery, remelting, and re-extrusion of
tried-and-true materials like vinyl. Collins & Aikman and Interface have developed
systems for returning vinyl carpet tile backing to their backing processes. Shaw was
recognized with the 2003 Presidential Green Chemistry Award for developing a
thermoplastic polyolefin carpet tile backing. The CRI Annual Sustainability Report
includes many other industry developments and practices that reduce the environ-
mental footprint of carpet through green chemistry (see www.carpet-rug.com).

The Carpet America Recovery Effort (CARE) 1s a nonprofit effort including the
carpet industry, the Federal EPA, State governments, and NGO’s with the goal of
diverting 40 percent of carpet landfill waste by 2012 (see www.carpet-recovery.com).
Imagine a future when no carpet goes to a landfill, but is separated into its con-
stituent parts at the end of its useful life to be sustainably recycled over and over
again. This is happening today with some carpet types, but not enough as yet to
significantly divert the 4.5 billion pounds of carpet that went to our nation’s land-
fills in 2003. Green chemistry can help to develop beneficial uses for the materials
used to make carpet today and assure that steady progress is made toward sustain-
able materials that can go directly back into carpet production in the future.

Perhaps the most compelling reason to support green chemistry and the growth
of sustainable materials and processes in carpet is jobs. Annual carpet production
and consumption in the U.S. of $12 Billion is equal to the rest of world carpet pro-
duction and consumption combined. Carpet jobs will stay in the U.S. if we can de-
velop ways to keep post-consumer carpet materials in sustainable closed-loop recy-
cling systems that reduce the need for virgin raw materials and lower the energy
embodied in successive generations of carpet products. Why would any U.S. com-
pany choose to manufacture overseas if their valuable raw materials are being col-
lected and recycled at lower cost, with no sacrifice of performance, from American
homes and businesses in close proximity to the means of production?

The economic benefits of green chemistry are quantifiable in each of the example
given herein. As an industry, green chemistry has helped to reduce the water re-
quired for dyeing a square yard of carpet from 14.9 gallons in 1995 to 8.9 gallons
in 2002. The energy required from thermal fuels to make a square yard of carpet
has fallen from 14.5 million BTU’s in 1995 to 10.3 million BTU’s in 2002. Today
the carpet industry has the same level of CO, emissions it reported in 1990 yet it
produces 40 percent more carpet.

Shaw’s experience with green chemistry is representative of the developments that
are ongoing in the industry. By way of illustration, Shaw’s polyolefin carpet tile
backing has fueled an average annual growth rate in carpet tile of almost 15 per-
cent per year over the last four years. This growth provides 440 jobs in our
Cartersville, Georgia carpet tile facility and generates over $100 million in revenue.
It has reduced packaging costs by 70 percent, shipping costs by 20 percent, and re-
sulted in over $100,000 in annual post-industrial scrap recovery. The recovery of the
post-consumer carpet tile will result in even more second-generation savings. Other
manufacturers can share economic success stories that are just as compelling.

In 1950 the carpet industry shipped 97 million square yards of carpet. In 2001
we shipped 1.879 billion square yards. Between 1965 and 2001 carpet increased in
price by 90.4 percent while the same time period saw an automobile increase 180.4
percent and a combined total of all commodities increased 315.4 percent. Over 80
percent of the U.S. carpet market is supplied by mills located within a 65-mile ra-
dius of Dalton, Georgia. Carpet is important to the economy of Georgia and the
United States. Green chemistry is an important tool to facilitate its continued growth.
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In conclusion, we support the adoption of the Green Chemistry Research and De-
velopment Act of 2004 with the suggestions that Congress encourage a cooperative
effort among government, academia, and business; that Congress seek additional in-
centives to reward those companies that commercialize green chemistry develop-
ments; that obstacles to the green chemistry discovery process be removed from cur-
rent federal environmental programs; and that adoption of green chemistry in the
broader context of sustainable product development should become a primary in-
strument of pollution prevention policy in the United States with the additional
goals of job creation and economic improvement.

BIOGRAPHY FOR STEVEN BRADFIELD

Steve Bradfield began his career in the commercial carpet industry twenty years
ago gaining experience in sales, marketing, and technical and environmental devel-
opment. He has been with Shaw Industries since 1991 in both international and
U.S. positions and is currently VP of Environmental Development.

Steve leads Shaw in its journeyman development of customer-oriented cradle-to-
cradle solutions to environmental concerns. He is active with the USGBC, the CARE
Executive Committee, TFM Green Advisory Board, and the CRI Market Issues and
Sustainability Committees. Steve conceived and led the effort to develop the 2003
EPA Presidential Green Chemistry Challenge Award winning EcoWorx polyolefin
carpet tile backing at Shaw and continues to push Shaw’s model cradle-to-cradle en-
vironmental statement throughout Shaw Industries. He has written many articles
on sustainability for periodicals, including the peer-reviewed Environmental Science
& Technology journal, and recently completed an interview with Michael Toms aired
on National Public Radio as part if the “Monticello Dialogues.”

He is a graduate of Montana State University at Bozeman and considers himself
an adventurous seeker of change. Early experiences as an archaeological dig volun-
teer, a deck hand on a tugboat on the Mississippi River, a roustabout on an offshore
oil rig in the Gulf of Mexico, a cowboy on a Wyoming Ranch, and three years in
strip mining coal in Southern Montana, have given him a unique perspective on en-
vironmental responsibilities and a passion for sustainable development. Steve is
deeply committed to market-based implementation of industry-leading environ-
mental technologies.

Steve has traveled extensively all over the world in designing and marketing car-
pet and considers himself fortunate to have a much broader perspective of the diver-
sity of the people and markets outside the U.S. However, enough is enough, and
he is well pleased to now concentrate full time on opportunities for Shaw in environ-
mental development in the U.S. He has been married to his wife, Christy, for twen-
ty-five years, and has three teenage children that constantly challenge and delight
him. Life is good, and getting better.
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March 17, 2004

The Honorable Sherwood Bochlert
Chairman, Science Committee
2320 Rayburn Office Building
Washington, DC 20515

Dear Congressman Boehlert:

Thank you for the invitation to testify before the Committee on Science of the U.s.
House of Representatives on March 17" for the hearing entitled H.R. 3970, the Green
Chemz's{ry Research and Development Act of 2004. 1n accordance with the Rules
Gove.rnmg Testimony, this letter serves as formal notice that I received no federal
funding directly supporting the subject matter on which [ testified, in the current fiscal
year or either of the two proceeding fiscal years.

Since%"
-

[
A

Stev:\Bradﬁc!d ;

Chairman BOEHLERT. Thank you very much, Mr. Bradfield. And
as the audience will note, we allowed you some extra time to go
on, because I thought it was very important that we get this per-
spective from an industry guy, because so often what we do up here
is viewed by those outside Washington, DC as anti-business, anti
this and anti that. That is all a bunch of nonsense. I mean, we are
trying to—we recognize that the business community is the engine
that drives the economy, and we want to work with you and so that
you won’t think that Mr. Bradfield is just another guy from indus-
try, let me read a little bit here. “Early experiences as an archae-
ological dig volunteer, a deck hand on a tugboat on the Mississippi
River, a roustabout on an offshore oil rig in the Gulf of New Mex-
ico, a cowboy on a Wyoming ranch, and three years of strip mining
coal in Southern Montana have given him a unique perspective on
environmental responsibilities and a passion for sustainable devel-
opment.” My one question of you is would you let Drew follow that
same career path? And I won’t ask for an answer right now, Mr.
Bradfield.
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Now for words of wisdom from Troy, New York, it is my pleasure
to introduce, from Renssalaer Polytechnic Institute, one of Amer-
ica’s great institutions, Dr. Woodhouse.

STATEMENT OF DR. EDWARD J. WOODHOUSE, ASSOCIATE
PROFESSOR OF POLITICAL SCIENCE, DEPARTMENT OF
SCIENCE & TECHNOLOGY STUDIES, RENSSELAER POLY-
TECHNIC INSTITUTE

Dr. WoODHOUSE. Thank you, Chairman Boehlert and Members
of the Committee. I appreciate the opportunity to think with you
this morning about what I see as an historic undertaking. It is very
seldom that one finds the kind of vision and long-term hope that
I see embodied in this bill, and I congratulate you for it. That is
not to say I don’t have a few recommendations to improve it.

I am a political scientist, not a chemist. I have, over the past
generation, made inquiries into what goes right and what goes
wrong with a wide variety of technological endeavors: civilian nu-
clear power, pesticides, premanufacture notification for new chemi-
cals, ozone depleting chemicals, presently nanotechnology and ro-
botics, and a variety of other topics. My graduate students and I
have been studying the green chemistry community for about seven
years, trying to understand what the social barriers are to the im-
plementation of the—of their findings and what slows down the
movement of new ideas within the worlds of chemistry and chem-
ical engineering themselves. So I want to just say a little bit about
that, not because it has direct impact on your pending legislation,
but because it may be of some use to you as you go forward in a
variety of fronts on this over the next decade and more.

The one thing that I have found in every area that I have looked
at is that we radically underestimate the technical malleability, the
capacity of engineers and other technical people to work with the
stuff of the world in creative ways. Always under-estimated. We
over-estimate the extent of which we have our social purposes lined
up for the technical people to serve. So that whereas the technical
capacities could be utilized for fantastic purposes rarely do they
come anywhere close to what would be possible, because we don’t
have the political, social, and economic institutions and processes
that will catalyze that, as well as could be achieved.

Let me give an example. This morning, many of you started with
decaffeinated coffee. How do they get the caffeine out of those
beans? Well, it turns out that it is green chemistry. The supercrit-
ical carbon dioxide, which was mentioned by Dr. Bement, is a pow-
erful solvent under the right conditions and can literally strip the
caffeine out of the coffee bean, leaving the bean intact. The basic
understandings about supercritical carbon dioxide are now approxi-
mately a century old. Why has it taken this long to move it into
any purposes more important than decaffeinating coffee? That is a
social mystery, not a technical one, primarily.

Another example. There was a mention of the dry cleaning indus-
try and the work being done at the University of North Carolina.
Excellent work. If you sniff your suits or sweater when it comes
back from the dry cleaners, you will notice a faint chemical odor.
That is perchloroethylene, PERC, which is used as the solvent. It
is extremely toxic. It is one of the main toxic constituents of urban
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air pollution. A day care center near me had to be closed recently,
because it was located too near a dry cleaners. The children and
the teachers were getting ill. Each time an employee opens the dry
cleaning machinery, they get a sniff of that chemical.

There is now a substitute: supercritical carbon dioxide. David
Price, one of your colleagues, introduced legislation several years
ago, which would have given tax credits to dry cleaners for switch-
ing over to the new equipment. In the Omnibus tax legislation of
several years ago, that measure didn’t make it out of Committee.
The—one of the reasons—there were financial and other prudential
reasons, no doubt, but one of the reasons was the Committee’s staff
and Members heard from not one interest group, not one con-
stituent by phone, letter, or personal visit. The issue is simply not
on the radar screen. And hence, what could have been a simple
move to encourage mom and pop dry cleaners, who need the eco-
nomic assistance if they are to shift away from a dangerous prac-
tice, they didn’t get the help, they still don’t have the help, even
though the machinery is on the market. That is not atypical. I rec-
ognize it is outside the jurisdiction of this committee, but it is im-
portant to realize the social barriers, I think, and that is one of
them.

More generally, we have been interviewing green chemists
around the world, and they say, over and again, that it is economic
inertia and professional inertia that are the main barriers; it is not
technical understanding and scientific uncertainty, although those
play a role. Rohm and Haas, for example, has developed a bio-
degradable, water-soluble polymer, which would go in laundry de-
tergent. It costs twice as much as the one now utilized. It is not
being used. I asked the relevant person, “Well, how much would it
cost the consumer?” They said about one penny per bottle of deter-
gent. $4.01 instead of $4. That is a lot of money, though, to Proctor
and Gamble, probably $1 million a year, if you would figure out the
number of bottles they sell. We need some way to figure out how
to do what is sensible at that level. It is a mundane practice, not
nearly as glorious as many of the research projects discussed here
today. But that is a—that is the reality. Mattel promised to take
polyvinylchloride out of their Barbie dolls. They recently reneged
on that promise, despite the fact that Bayer Chemical provides an
alternative, which would cost only five percent more. You know
what the cost of plastic in a Barbie doll is relative to the sales
price. It is a trivial amount, and yet, it is not being utilized.

Professional inertia is almost as bad as economic inertia. If you
think about the professors that you had who were using old lecture
notes, not keeping up to date, you will have some idea of what I
mean. The curricula at a major university near here, there is a
one-credit course in green chemistry as the sole offering in the cur-
riculum. Another department chair told me, “There is no room in
the curriculum.” Another said he tried to get the changes, but his
faculty said, “That is not the way it is done at Harvard and Chi-
cago.” They require foreign languages at half of the American uni-
versities to get a Ph.D. in Chemistry, but no one requires a test
in toxicology. A green chemist, not me, referred to what is going
on as “stupid chemistry,” “just bad design,” “profound failure.”
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I will conclude by just suggesting that the task, then, is larger
than what can be done by a few million dollars for more research.
None of us knows exactly how to bring it about. What we can do
is to catalyze an inquiry and a discussion that aims for “benign by
design.” Let us figure out how to use those tremendous technical
potentials so that we aim to make each chemical safe enough for
living things. I believe that that is chemically possible, even though
most chemists today would say it is not.

In conclusion, I have a couple of recommendations for your con-
sideration. First, tax credits. The industry, we don’t expect to get
ice cream for free, why should we expect to get green chemistry for
free? Contrary to what some of my colleagues on the panel have
said, I believe there is a limit to what you can do that will actually
make money. I think that some things do cost money. We need to
figure out how to make that sensible for all parties concerned.

Secondly, more precise requirements in the reports that you are
asking for under this legislation. There is too much room for inter-
ested parties to make self-serving statements. Let us get some dev-
il’s advocates into the process who will look more closely at the
claims, who will attempt to bring the stakeholders into communica-
tion, shall we say, with each other.

Finally, I would suggest that you consider the possibility of tilt-
ing the funding more towards EPA. In my experience, the EPA Pol-
lution Prevention Program is one of the best things that the Fed-
eral Government does.

Thank you very much.

[The prepared statement of Dr. Woodhouse follows:]

PREPARED STATEMENT OF EDWARD J. WOODHOUSE

Chairman Boehlert, Ranking Member Gordon, and Members of the Committee, I
thank you for inviting me to testify.

I am a political scientist interested in understanding how to shape technological
decision-making more wisely. I have been studying the social aspects of green chem-
istry and green chemical engineering since 1998, funded in part by the National
Science Foundation. My Ph.D. student, Jeff Howard, with funding from an EPA
STAR fellowship, has been doing detailed interviews with green chemists, and I
draw selected data and insights from his study.

My purpose here today is to discuss barriers and prospects for moving from what
might be called “brown chemistry” toward a greener chemistry featuring chemicals
designed to be benign or close to it. I will begin with general considerations I think
Members of Congress should be taking into account, then present three simple cat-
egories of green chemistry and the legislative opportunities in each, and conclude
with some suggestions for further study.

General Considerations

I start with a prediction: The 21st century will see the beginnings of a
transnational phase out of chlorinated and other toxic synthetic chemicals. Eco-
nomic considerations facing industry, slow-to-change university curricula in chem-
istry and chemical engineering, and citizens’ ignorance about the potential for be-
nign chemistry may delay the projected phase out well beyond the time period tech-
nically required. Evidence against toxic chemicals is accumulating relentlessly, how-
ever, and green chemistry and engineering potentials are developing, even if more
gradually than one would wish. So the main question, it seems to me, is whether
public policy will lead or lag.

I congratulate the Committee for its farsightedness in generating the proposed
Green Chemistry Research and Development Program, and I regret to report that
I find outside this room a certain timidity and lack of vision with respect to the sub-
ject. I am sorry to say that most professors of chemistry and chemical engineering
appear to be either uninformed or uninterested, and a few are outright opponents
who believe that toxicity is the price for what they would call “progress.” Profes-
sional associations such as the American Chemical Society and the American Insti-
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tute of Chemical Engineers are rhetorically supportive of chemical greening, and
even have a few modest programs; but they are not doing much at present to actu-
ally inflect the trajectories of their mainstream members. Even environmental orga-
nizations such as Sierra Club could be doing a lot more: The National Toxics Cam-
paign and other groups have been pushing for “clean production” and Zero Dis-
charge, which bear on Green Chemistry but do not put it front and center—perhaps
partly because their members resonate with whales, orangutans, and other char-
ismatic megafauna more than with molecules.

Chemical technologies are highly malleable, however, and once it becomes widely
understood that what we have been calling “chemistry” actually is a small and rel-
atively backward subset of the chemical universe, the status quo will be on the de-
fensive. The goal of a commendable chemical industry will be nothing less than to
make everything using benign materials, and where toxicity cannot be avoided to
draw on the services of medicinal and ecological chemists to design chemicals that
rapidly decompose and are quickly excreted from living organisms. How closely that
goal can be approximated, no one presently knows; what we can say for sure is that
many technical achievements that seemed impossible have turned out not to be, in
chemistry and in many other fields of science and engineering. With biocatalysis,
nanochemistry, and other techniques not yet dreamed of but surely on the way,
those who defend the 20th century’s “brown chemical” way of doing things are pret-
ty surely on the road to being discredited. Unless Congress intervenes, however, the
transition could take many generations, with untold additional damage to living
things around the world.

Everyone acknowledges that contemporary technologies for producing, using, and
disposing of chemicals create numerous hazards, some of which result in damages
that have to be mitigated or compensated at high cost. There is a sense in which
present practices of the chemical industry resemble the “unfunded mandate” that
the Federal Government sometimes is accused of leveling on states: Business-as-
usual concerning chemicals makes little provision for medical payments to those af-
fected (except for chemical workers), and little provision for environmental and
other damages (except via insurance). As is true of health problems caused by to-
bacco, many such secondary and tertiary costs of chemical usage are picked up not
by the industry itself, but by state and federal medical programs, by medical insur-
ance companies, and ultimately by taxpayers and those who are privately insured.
It may be misleading, therefore, to think of new regulations on the chemical indus-
try as creating new costs; rather, costs would be shifted onto producers and users
of chemicals—what economists refer to as “internalizing” such expenses by having
them better reflected in prices. Tighter regulations would reduce or eliminate the
present unfunded mandate that the chemical industry places on other businesses,
government, and individual citizens.

It also is worth considering whether there is a commercial risk of waiting to act
that may be greater for the chemical industry overall than any one element of it
will have an interest in perceiving and acting upon. In particular, the Swedish
Chemical Inspectorate already has a list of 250 suspect chemicals that probably are
on their way out. The German chemical industry long has paid greater attention
to labor, community, and other social interests than do most U.S. firms. Some Chi-
nese technological universities are making a greater commitment to green chemistry
than has any U.S. university to date. Altogether, those who care about the competi-
tiveness of the U.S. chemical industry might do well to take heed: If U.S. firms lag
behind in moving toward green chemistry, given the long period for amortization of
chemical plant and equipment, they may lose market share and endanger profit-
ability during the catch-up phase.

Another general consideration bearing on the legislation can be put in the form
of a question: Why is there no explicit research on ethical, legal, and social implica-
tions (ELSI) of the $500 billion-dollar chemical industry and its associated research
infrastructure in universities and elsewhere? There have been set-asides or other
ELSI initiatives in connection with nanotechnology, climate change research, and
other recent technological inquiries. But not for chemistry, chemical engineering,
and the chemical industry. Perhaps it could be said that there is plenty of environ-
mental research already underway, even if not directly connected with chemicals?
Just so. However, “chemophobia,” as some industry insiders and chemists refer to
the public’s distrust for chemicals, grew to significant proportions in the late 20th
century partly because most people feel excluded from chemical deliberations and
choices. This may be a questionable perception, in that consumers do participate in
choosing final products. We feel excluded, and we do not trust, and we do not under-
stand—and somewhere in that triumvirate is a nontrivial problem concerning the
relations of citizens with the chemical industry and the chemical science community.
The green chemistry deliberations bring up the possibility of tackling the relation-
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ship between chemistry and society in a creative way by focusing on the social com-
ponents explicitly.

Finally, as Committee Members are aware, the amount of funding being proposed
in the pending legislation is small compared with the magnitude of the problem—
and the magnitude of the opportunity. Of course, there already are funds being ex-
pended, as the other witnesses have pointed out; and, of course incremental funds
are a fine idea. So I do not really quarrel with the idea of adding to Green Chem-
istry R&D within the limits of what will be considered fiscally prudent. Still, looking
toward the longer term, it is worth noting that although no one knows the exact
number, there are some ten thousand toxic chemicals that may need to be replaced.
Taxpayers this year are spending approximately one hundred times as much on
nanoscience and nanotechnology research than will be spent under the new Green
Chemistry legislation, despite the fact that, in my opinion, Green Chemistry is a
more important problem and a more important opportunity. Some observers would
go so far as to characterize the nanotechnology juggernaut as a set of techniques
in search of a serious issue worthy of taxpayers’ concern. I would not go that far.
In the case of brown chemistry, however, we have a known problem of proportions
far larger than the expenditures now being contemplated.

I turn now to some more specific ideas concerning barriers to the greening of
chemicals, and prospects for circumventing or lowering some of those barriers.

Three Categories of Green Chemistry

Chemists divide their world into many technically interesting and important cat-
egories, such as solid state, lipid, and carbohydrate chemistry; for our purposes,
however, there are just three main commonsensical categories of interest:

1. Green chemical techniques and products that industry may voluntarily uti-
lize because there are no added costs, and sometimes even cost savings;

2. Well understood chemical processes and products that industry probably will
not voluntarily utilize, because they are more expensive than current prac-
tices; and

3. Potential green chemistry techniques and products that are not yet known
or understood.

The goals of public policy should be:

la. To craft chemical education to make sure that chemists and chemical engi-
neers have the knowledge and skills to make good use of available GC tech-
niques that are already affordable in category one;

2a. To encourage industry to utilize some of the “too-expensive” GC in category
two—where a changeover would help solve significant problems created by
present chemical technologies; and

3a. To invest in R&D within category three, in order to expand the repertoire
of green chemical techniques and products.

Green Chemistry Education Policy

One of the most disturbing things I've observed in my research is how slowly the
educational institutions are changing over to Green Chemistry. Not atypical is the
situation at one technological university not far from here, where the GC curriculum
consists of a single, one-credit course, team taught as a free-standing elective with-
out any connection to the mainstream curriculum. When I asked a chemistry chair-
person at a different university about some elementary steps his department could
take, he replied, “We do not have room in the curriculum.” At another university,
the chairperson tried to lead but his faculty refused to follow, saying “That’s not the
way it’s done at Harvard or Chicago.” One indicator of the situation, as pointed out
by a leader of the Green Chemistry movement, Chemistry Professor John Warner
of the University of Massachusetts: About half of U.S. chemistry departments still
require Ph.D. students to pass a qualifying exam in a foreign language, but not one
requires equivalent proficiency in toxicology.

Now, I acknowledge that meddling in university curricula is a dicey proposition;
not trying to improve the situation seems irresponsible, however. What might legiti-
mately be done? One thing we know is that hardly any university departments turn
down funding. I expect that Members of this committee would be taken very seri-
ously were some of you to approach the Ford Foundation or other major inde-
pendent funding sources regarding a Green Chemistry education initiative, perhaps
jointly with the National Science Foundation, the American Chemical Council, and
other sources? Adding courses in ethics to chemistry and chemical engineering cur-
ricula might be the direction to head: One of the leading Green Chemists, Professor
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Terry Collins at Carnegie Mellon, has added a significant ethics component to the
curriculum there, and advocates that it be added elsewhere.

A parallel tack: Most universities depend on periodic renewals of their accredita-
tion to certify to parents and others that the organization is recognized as offering
an appropriate educational environment. At present, the accrediting organizations
such as Middle States are not paying attention to whether universities continue to
train chemists and chemical engineers in the older approaches or are training stu-
dents in benign-by-design chemistry. The accrediting agencies should be paying at-
tention, of course, and although I have not studied the matter I am confident that
there is a way to encourage them to do so.

A third glaring weakness in the training of chemists is that they do not have to
pass through professional licensing, and even chemical engineers can be exempt
from it if they work in industry. Those who do sign up for the professional licensing
exam administered by the American Institute of Chemical Engineers. I was unable
to secure cooperation of the AIChE in my attempts to study the test or the processes
behind it, so my information is less complete than I would like. But study guides
for the test have changed very little in the past decade, continue to give far more
attention to economics than to environmental issues, and evince zero appreciation
of the spirit or letter of green chemistry. This appears to be true partly because the
AIChE licensing process relies on retired engineers who volunteer their time, rather
than on forefront chemical engineering researchers. The Science Committee obvi-
ously does not control professional licensing, but chemistry-in-application involves
not high-profile researchers but rather ordinary chemical engineers. If they are to
function, in effect, as society’s delegates in the chemical plants, we need some way
to persuade and incentivize them toward greener chemicals.

In short, there are some social barriers to better GC education that are not imme-
diately apparent, and that may not yield readily to research grants or even graduate
fellowships. It would be worth a patient inquiry into the matter by those with rel-
evant expertise and access, perhaps as part of the report requested by the pending
legislation.

Category 2: GC Affordability and Uptake for Industry

Some of the most knowledgeable advocates for GC speak as if the transition proc-
ess might be pretty much automatic: Develop the knowledge, and industry will uti-
lize it. I am a bit skeptical of that, as I expect you are. There already is a repertoire
of GC knowledge that is ready, but is not being used; and knowledge of that sort
is certain to increase as chemical researchers push beyond present understandings
of the GC universe.

One example is a water-soluble, biodegradable polymer that the Rohm & Haas
Chemical Company developed for use as a brightening agent in laundry detergent.
Despite seven years of effort and proven results, the industry continues to use the
old non-biodegradable brightener, because the new one would cost about twice as
much per ton. When I asked how that would translate at the consumer level, the
chemical executive replied, “About one penny”’—raising the price of a bottle of deter-
gent from $4.00 to $4.01. For Procter and Gamble, however, that might amount to
a million dollars a year if they have to absorb the price increase (which they would
not, if every company were required to use the new method).

Technology-forcing statutes of the sort used to reduce air pollution probably are
the way to tackle issues of this sort, along with tradable pollution permits, scalable
excise taxes, and tax credits; but I realize that such matters are outside the jurisdic-
tion of the Committee on Science. I just want to let you know some of the economic
and other barriers I perceive to chemical greening, so that, over time, you can do
whatever seems feasible within your domain.

For example, recognizing the barriers to industry participation, the Committee al-
ready has taken the laudable step of including chemical engineering research in the
pending bill. Still, given the relatively higher status of chemistry, it seems to me
likely that chemists will garner the lion’s share of the funding. That’s fine, if long-
term, basic research is really what we want to stimulate. I wonder, though, if more
nearer-term engineering efforts might be designed to help move category two knowl-
edge into category one, so that the odds of it being adopted by industry would go
way up. This would involve reworking known chemical processes to be greener with
the lowest possible incremental costs. Because down time is such a no-no in the in-
dustry, for example, any ways of minimizing it translate pretty directly to the bot-
tom line. Engineering researchers may be able to figure out how to minimize disrup-
tion of existing chemical production plants, equipment, and processes. Some of the
EPA and NSF programs already are doing this, I acknowledge, but they are mainly
directed at solvent replacement rather than more complex matters.
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I know that many people are reluctant to “pay industry” for doing things “it
should do on its own,” however I would urge that in setting up the GC research
efforts under this bill that your committee establish relatively permissive guidelines.
Some of the people who are best positioned to move GC knowledge from category
two into category one are those with closest ties to the industry. If they chose to
participate in R&D under this bill, I for one would be thrilled rather than dismayed.
The draft of the bill I initially read seemed to be heading more in the direction I
would favor than the latest draft, which has removed the term “commercial applica-
tion” in quite a few places. I realize that the matter is a thorny one involving juris-
dictional issues, and that the boundary between industry-funded and government-
funded endeavors has implications for many aspects of the federal budget. Neverthe-
less, I recommend that you consider tilting toward greater support for industrial
R&D than might normally be appropriate for federal funding of applied research.

The education (or mis-education) of chemists and chemical engineers plays a role
in this category also: Not many of our recent graduates are prepared to figure out
technically and economically feasible alternatives to the chemical status quo. Just
as importantly, they are not operating within a Green Chemistry mind set, and
hence are not likely probe very intensively to create new ways of working with
chemicals. Note that this way of thinking about chemical greening means that ac-
countants, managers, and attorneys also get drawn into analysis of corporate choices
regarding chemical products and processes—implying that, at least in principle, one
should be thinking about the education and ongoing training of persons holding
such roles. It makes sense initially to suppose that it all comes down to formulas
and other relatively straightforward analysis; in fact, it is the culture and psy-
chology of the relevant disciplines and businesses that is as much at issue. None
of us well understands how to go about intervening in such complex social phe-
nomena, of course, so my point is merely that we need to be acting so as to turn
out much larger numbers of greener chemists, chemical engineers, and others as a
way of seeding the industry. In the interim, a great many opportunities for changing
chemical pathways, processes, and products may be missed by those operating
under the old governing mentality green chemicals are technically impossible or un-
acceptably expensive.

Category Three: Funding Forefront Green Chemistry Research

I actually have the least to say about this category, even though it probably is
the one that comes to mind most readily when one thinks about stimulating R&D
in an emerging field. Certainly it is easy to catalyze more Green Chemistry; if you
provide the funds, researchers will indeed create justifications for obtaining the
money.

Green chemistry is a bit like the Nixon “War on Cancer” or the current holy grail,
nanotechnology: Many existing chemistry projects can be tweaked so as to qualify
for the new funding. That’s not bad, in a way; however, if what one really wants
is to catalyze breakthroughs, I'm not sure we know right now how to design a pro-
gram to achieve that. There’s usually something to be said for learning by doing,
and one can interpret in that way the three years of funding that would be author-
ized via the proposed legislation. I do not object to that exactly, but I have seen NSF
dispense sums greater than I considered warranted—as in the current round of
funding for nanotechnology education proposals I just reviewed last month. Hence,
I wonder if there might be a way to at least get a prioritized research agenda at
the end of the three years as part of the report to Congress required by the proposed
bill.

Further Study of Social Barriers and Prospects

The general provisions for further study in the proposed bill make good sense to
me. However, either as part of the bill itself or during its implementation, I would
like to see some fine-tuning along the following lines.

First, as suggested earlier in the discussion of ethical/legal/social implications, so-
cial science and policy are not ruled out by your proposed wording, but neither are
they made as central as the situation may justify. Of course there are important
scientific and engineering issues that need to be studied; but much of what stands
in the way of chemical greening is social and economic in nature.

That said, I am no fan of the ELSI set aside as part of climate change research,
because too much of the money went for relatively trivial investigations. I have to
admit, however, that a three percent or five percent set aside does draw the atten-
tion of social scientists, historians, and environmental philosophers, and we need
some way of getting more of them to attend to the brown/green chemistry problem/
potential. It is odd to have a problem and opportunity of the magnitude of Green
Chemistry with so little systematic social analysis available, and I would like to see
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this committee catalyze enough study that when you reconvene for a renewal hear-
ing on this legislation, a lot more social scientists knows something about the sub-
ject.

Second, the state of policy thinking on the subject is rudimentary. To my knowl-
edge, there literally is no one who has systematically studied the matter, and no
organization equivalent to the former Office of Technology Assessment has drawn
in the relevant stakeholders for sustained discussions. Foundations are not funding
or studying the problem in the way that the Heritage Foundation, Brookings, and
American Enterprise study so many important matters of public policy. Environ-
mental economists are applying their increasingly refined skills to many environ-
mental issues, but not to brown/green chemistry.

Third, and closely related, the problem of brown chemistry is only about ten per-
cent a matter of shortages in supply of technical knowledge—and about 90 percent
lack of demand for an alternative to brown chemistry. This committee’s jurisdiction
obviously pertains to the improvement of science and technical knowledge, not to
regulation of the chemical industry. However, this committee may have an indispen-
sable role to play in catalyzing interest by other relevant committees, ones with
more regulatory authority over the subject of chemicals. It is of course a dicey mat-
ter of how to handle such intra-congressional matters, and I have no wisdom to offer
superior to the tacit knowledge you have acquired.

I would urge you not to underestimate the bully pulpit role, however. We asso-
ciate it with the presidency, especially as popularized by the first Roosevelt; yet
most governance is partly a matter of persuasion, and persuasion is largely about
good reasons when monetary or other inducement has little bearing, as in intra-con-
gressional life. How might this committee use its staff, use its connections in the
relevant industries, use its Members’ connections with other committees, and use
whatever one-on-one connections there may be with other relevant legislators, in-
dustry executives, and executive branch personnel? Such matters rarely are brought
up directly in hearings, of course, and yet they occur daily in governmental life. I
wonder if there isn’t a way to make enrollment of other committees in an overall
push for greener chemistry a higher priority?

One example of the kind of policy proposal that would galvanize industry demand
for Green Chemistry would be a revenue-neutral tax and subsidy program. Place an
excise tax on sales of some of the most suspect categories of existing chemicals, per-
haps scaled by industry itself based on estimated risks, and give the funds back to
chemical companies as tax credits for innovations in benign chemicals. In effect, the
innovative companies would be paid by the laggards. Inasmuch as the largest com-
panies in the industry tend to have the best R&D staffs, and hence are most capable
of using technological leadership for competitive advantage, a side effect of the pol-
icy probably would be to accentuate the comparative advantage of the most dynamic
companies. Among other results, this might better position them for international
competition if a transnational phase out of chlorinated hydrocarbons should even-
tuate.

Finally, it seems to me that the Green Chemistry case raises questions about how
public-interest science gets done in the U.S. We proceed as if it were a nonpartisan
search for truth, when we all know that ideology, careerism, narrow-mindedness,
and habitual thinking are common in science as in other human endeavors. As Mi-
chael Crichton expressed the point,

Just as we have established a tradition of double-blinded research to determine
drug efficacy, we must institute double-blinded research in other policy areas
as well. Certainly the increased use of computer models, such as GCMs (global
climate models), cries out for the separation of those who make the models from
those who verify them. The fact is that the present structure of science is entre-
preneurial, with individual investigative teams vying for funding from organiza-
tions that all too often have a clear stake in the outcome of the research—or
appear to, which may be just as bad. This is not healthy for science.

Sooner or later, we must form an independent research institute. . .funded by
industry, by government, and by private philanthropy, both individuals and
trusts. The money must be pooled, so that investigators do not know who is
paying them. The institute must fund more than one team to do research in
a particular area, and the verification of results will be a foregone requirement:
teams will know their results will be checked by other groups. In many cases,
those who decide how to gather the data will not gather it, and those who gath-
er the data will not analyze it. (Crichton 2003).

I find his expression of the idea a bit formulaic, but the core insight has merit.
We are in the state we are, trapped in Brown Chemistry, partly because chemists
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and chemical engineers worked first of all for industry, secondly for themselves and
their organizations, and only thirdly for the public. They operated as insiders, not
with bad intent but with bad effect, and the arrangement made perfect sense, in
a way, considering who was paying. There is a sense in which 20th century chem-
istry and chemical engineering did not go through sufficiently rigorous “social pur-
poses review” with respect to basic considerations about brown versus green design
of chemicals. If Congress and the citizenry want a different sort of chemistry, and
a different sort of public-regarding science more generally, it might make sense to
face up squarely to the fact that genuine accountability may require more sophisti-
cated arrangements than we now have.

Conclusion

In recent interviews, Jeff Howard asked a half dozen of the world’s leading Green
Chemists about impediments to chemical greening. By a wide margin, they said that
“economic inertia” was the most significant barrier and “professional inertia” came
second. Scientific uncertainty and other technical matters were rated as important
but lesser barriers. In other words, social factors are more important barriers than
purely technical ones.

Although I strongly support the legislation pending before this committee, there-
fore, I recommend thinking of it as one step in a long process. For the future, I rec-
ommend that the Committee consider ways to:

¢ Increase funding (including tax credits) well beyond what is presently fea-
sible;

¢ Look into some of the mundane aspects of Chemistry and Chemical Engineer-
ing education, in order to catalyze curricular change, promote chemical ethics
education, revise university accreditation procedures to enhance social respon-
sibility, and improve professional licensing;

¢ Draw social scientists and ethicists into study of Brown/Green Chemistry;

¢ Stimulate chemical engineering economics research to prepare the way for in-
dustry adoption of Green Chemistry techniques;

¢ Go outside the established funding agencies and advisory mechanisms for pol-
icy analysis bolder than what can make it through the traditional procedures;

¢ Use the Brown/Green Chemistry case to reconsider how to arrange much
more sophisticated public-interest science;

¢ Envision a long-term process via which this committee plays a leading role
in helping humanity re-vision its relations with chemicals.
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Change of State?
The Greening of Chemistry

E. J. WOODHOUSE

Mpar contribators 1o this volume foous on the movement of chemical mole-
cules [t cosnmumities, nto workers and citizers bodies, and lmo polineal
comnbraversioe. by msethod is the appsite: 1 will b tracing symibetic organic
miolecules hackwardsto their origing in order bo recsamine the social constroc-
tion of chemistry and the problems asociated with it." Some of the origins are
liceral, historical onesy but [ am even more imenested in the assumprions de-
signed imte rwentieth-cemtary chembcals and thereby heih imto meny enviren-
imerital conflicns, Is it possilsle, § ok, thar what we siow think ol as chemdsiey,
chemical products, aml governmental regulation of chemacals, amd even how
we emvision possible futbare chemical states, all are products of a governing
mentality that deserves searching resxamination?

This wark emanates in part from a tradstion of pelitical thought associaed
with Langdon Winner s klea that sechsology & palitics (Winner 1977, 1986).
Huww | soime] Bumans disign chimeeals and ofher technslagies helps cnablish
an enduring framewark for social arder [Sclove 19950 This sociobechnacal
“constitution” of everyday Bfe is nowhere written down, of course, and hence
is evan more difficush deliberately to discuss and reregotiate than is a written
grvermmenta constitation. The guestion arising & cthis: Migha it be techmically
fegsdhle to draw wp, ratify, and nplement a very diffesent amd beer constita-
tiom for a peformied chemical stane?

Thi= chapter isa preliminary report of a long-term praject assessing the im-
plications of a form of chemistry characterized as “green”™—meaning “benign
by design” (Anastas and Farris 1994). [Inasmaoch as probably not one noa-
chigmnist ina millicn wenderstands the profound difference between twemtieth-
cennury ¢hemsistey and the redesgned sppooach to chemcals thas appears 1
b fasible i thse varemty-farst century arsl thervafter, ane purpase ol this chap-
ter is simply 1o explain the techmical potentials and help liberate our imagina-
tinns. & secand purpose is o improve our theoretical ursderstanding of the
redatinnship ampng chemical expertise, the environment, haman bodies, and
sl crgansestions including natson-seate The Feschpin of this relationshap,
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kn ey ey i 1o be found bn the socil stractusing of expertise: a revised un-
derstamidimg ol chemistry calls mba question landamental festures af the seial
institut#ons and practices that train chemists and other experts, that deploy
and incemivize them, and that mediare hetwesn experts and the rest of s The
analysls thiss helps lansinare the overall challanges of reoonsanscting a wise,
famrer lechnedogical cilization.*

Thee first sections of the chapter compare beenticth-century “brown” chem-
iary with the greem chemistry that is a potential ahernative, providing easy-to-
anderstand examiples of the new approach. 1 then go an o discass abstacles ta
chemaal greening and strategies lor aceelerating it, The fimal sections disoass
some af the theoretical implications of the case,

Brown Verses Gresn Chemistry?

“Oirganic chemistry extbooks a generation from now will be unrecognizable
compared with today s standard text=" predicts one of the progenitors. of what
i coming ta be called *green chemuistry™ A the name invplies, sdvocates aimito
make huenanicy s approsch 10 chemicals eowlmnmenally benign or “sustain-
abde. With linle conmtrmeorsy or pulilicity in the past few years 2 new fidd has
begum to emerge that could tarn ot to mean a profound transformation in the
methods, rw materials, byproducts, and end producs of chemical synthesis.

An exaggeration thay mekes che poing is te say thar teentieth-cemury chem-
itry, chemnical engineering, and the chemical indasiry proceeded acconding v
the fallowing “formula™

= Start with a peroloum-based feadaeck;

= Dhissodve it amd sdd & seagent;

= Remcl the campounids b produce imermediabe chemicals

* Put these throwgh a long series of additional reactions,

= ‘Which creare millsons of tons of hazardous waste by- produces,
While vielding oegaton quustities of poetially dangerous final
products,

* Refeased imto ecosystems without knowledge of long-term effects,

=+ ‘Without going throagh gradual scale-up to karn from experience.

Dlespite the fact that aspects of the abwee “farmula® appear absund, es-
pecially in light of the public concern ower chemicals touched off some forty
years ago by Rachel Carson, brown dhemistry has remained the basis for tex-
bepoks and engleeering pracice alike theoughour the tweniseth cemtuary®
Hardly ampane realizad that chemists maght aopt a very difleren) appooach:

* Design each new maleculbe 5o as to accelerate both excretion from liv-
img orgamisms and bisdegradation in soosyaems;

= Credte the chemical from a carbobydrare (sugarfeaschicellubose | ar
oleic (ailyifanty ) feedsitock, instead of using petrochemicals;
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= Rely om a cataiyst, odlen bickoagical, in a small-scale process

* That uses po sohwnts or ooly benign ones, and requires only a few
sleps,

» Creating little or mo haeardous waste byproduoces,

+ Yielding small quantitizs of the new chemical for exhaustive togical-
ogy and aiber lesting,

= Fodberid by very graduiad seale-uje snd laraing by daing

Experimentation with aspects of this secomd formula has been gracually
develaping within the chemical research community and even within the
chemscal industry (Poliakodf et al. 2002, Going under the mabric of green or
sustaimable chemistry, the organizsonal beart of the enterprise has been Lo
cutind in & senall progrem o the Pallstion Prevention and Toxkes hrandh of the
LS. Envirommental Protection Agency The program thers focasss ol on
Saperfund clemap or mber correction of probbens alneady existing, and no
an comlairing fufure exposures by deaming up wastewaber ar seroblving smoke
stacks. Instead, the Focus is on prevention of problems before they ooour—
by redesigning chemical production processes and products at the moleoalar
Bewel to makee then radically les dangeraus.

Among the progenitors of gresn chemEary was Stanford chemistry profes-
war Basry Trost, wha first propesed the concept of “atom econoeny™ i 1973
Rather thai Judging & ghinwical proess sueidul o 7 produses walde prod-
ued al 3 salisfaciory cost, Trast argued that those responsahle for synthesizng
chemicals should aim for elegant efficiency, for using the highest possble per-
cemiage of inpunt atoms in the usable cutput, ideally leaving zero waste [Trost
1%%%1]. This seemed a ubopian concept when first proposed, but an increasing
number of Mo-catalytic and otber chemical processes now are being proposed
that appacsimmate exactly sach an maoome,

Thee beoswin chemisiry formska predeminatod panly bicsuse chemistry did
ik st ol as sophisticaved as i gradually has become. Mumeroos other fac-
tors comiributed. For example, the chlorinated compounds that bave caused
=o muach trowhle (e.g., DDFT, FCHs) gained impetus from chermical executives
desire to find & use for the exoess chlorine oreated as a by-produc of another
bhasic chemical process {Thernion 2IM00). Then the exigencies of Warld War [
put a premiam oo finding quick, effective ways to accomplish certain ends,
ansd the resighing means carsied over o ivilian life via sank capstal, peching-
bagical mamentum, market niches, and habits of profesional thaughs | Travis
1953; Manskopf 1993 byve 1995), & pot very ssoteric example was the cella-
paper developed by Kimberly-Clark for bandages (as a substitbsie for cotion
that was scarce during the warl, subsequently transmogrified into Kobex sani-
tary napkins and Klesmex [ Viostral 2000].

From World War [ came numerous “treakthroughe™ including DU, used
by soldiers against body lice and subsequently applsed 10 killing agricaliural

|
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st now banned in most afflusest counmteses, production and use in megaon
quantilies onlinues in poarer nations, Wihen petroleum and nataral gas feed -
shocks for chemicals became cheap [and chemically easy], research mta lipad -
and carbohydrate-based chemistry {from plants) all but disappeared for much
of the twemieth century.” Additional historical cawses fior the fooas on brown
chembsary could be added, bt the generad polon b apparent: Warlos cote-
depncdern Gictors bed chimists, chemical engineors, anid users of chimicals w
adopt affordable, daable methods without mudh inguiry inde king-term cal-
lective comts. Hemce, there never was an across-the-board and deliberate effort
to survey chemical knonsledge and try qo figure out the “best™ ways of con-
structing symihetic moleoales. This sart of historically conmingent and socially
problematic method of choosing ansong. passible technedogical trgeciorses
i basdly wnigue 10 chemicabs, of coursis for cxample, there was oo significam
effart o sureey many possghle types of nuckear reactors in onder B0 find ones
especially suited for civilian wse [ Morooe and Woodhouse 1959),

For the future, however, might chemists and chemical engineers belatedly
turn towward more benign spproaches se create & greener, i still synthetic,
plamer? It s not clear exactly hiw for the e can be carried oo practice, but o
appeears that the second chemical scenaria sketched alsore may poteniially b
within the capacities of a revamped chemistry amd chemical engineering
{ Anastas and Warmer 1998; Paliakalf ot al. 2002

Exampias of Grean Chemistry
Examples of recemt work gualifying as green chemistry are highlighted by the
“Presidential Green Chemisiry Challenge Awards™ given anmually since 1996
by the LLA. Environmemtal Progection Agency.® Indoded are awarnds for design
of new chemicals that are ishesemly less dangerous, for creation of safer methods
of sywthesizing existing chesmnicals, aicd faf salif solverte, It was the so-called
“Remventing Govermment” inigiati of the Chnton-Gone Adminstratian tha
created the award competition as pan of an effort 10 reconstroct the state bo be
less adversarial toward the business sector {(Gore 1994 Osharne and Pastrik
1997, L5, Congress 2000 L

The first Ahernainve Synthetic Patbaoays Award wene to the Maonsanta
Campany ar a new techmigque for manufacturing Renssdup™ herbizide in a
less dangeroas way ™ Roundap™ is amang the less nasty berbacides, amd some-
times is described by its sdvocates as “environmentally friendby.” As the meard
citation put i, in the mew procese

The raw nuaterials have low volarilicy and ane less tomie . . (amd | the de-

hpdegenatian preess is endothermic and therefore doss nal presenl

danger of rumaway, Moreover, this “zero-waste™ route o DSIDA pro-

duces a product stream that, after filtration of catalyst. is of such high
quality that o parificaiion or waste ool is necessary. . . . The new tech-
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mirloay represeivts & major breaktheough | | . because it avalds the use of
cvamide aned formaldehyde, is sber 1o operate, produces higher overall
yield. and has fewer process steps. (EPA 9%, 2)

The key tothe Innovaibon was & mew catalyshs iechnelogy, potemtially "applica-
bile 1 the preparation al many other agricaltural, cammeslity, specialy, and
pharmaceatical chemicals” [EPA 199596, 2],

Anocther award went 1o the manufactarers of ibuprofen, the well-known
painkilller sold as Adwil™ and Maotrin™, Senthisizing ihuprofen previausly re-
quired massive quantities of selvent= and achieved only 40 percent efficiency
i{which means 60 percemnt waste produocts), wheneas the new process achieves
nearly 99 percent efficiency, I *revedutionized balk pharmaceusical manafac-
turing . o ) provid{ingl an elegant salution 1o a prevalent probdem: how 1o
avaid the large quaniiies of solvents and wastes associated with the traditional
sipichbomeetric vse of suxiliary chemicals when effecting chemical oonver-
s (EPA 1998, 131,

Do Chemical won an award for using carbon dioxide as the blowing agent
for manufacture of palysiyrene foam sheet packaging material The market
fioer suschy material haad groses o 700 mEllion pounds inothe LLS, alone by 1595,
priveigally lor ez carbons and fasg food containers, The Do techmology
allcwed elimimation of 5.5 millkon pounds of <hloroflucromarbon blowing
agents per vear, chemicals that comributed to oeane depletion, global warm-
in, and grond bevel sonog The COV, in Uhi Do process s dierived Teom exsting
sources such as ammomia plamts and natural gas wells, therefore making no net
comtribution to climate change.

The Roshin gnd Haas chemical company developed an improved “aneifoul-
ing” compaumnl to cantrod unwanled growih of barmacles and other marine
arganims an ship Bulls. The main compourds used in recent decades to poisan
v bl -bee fralivgg pegandsms have been organoiting, which persist in the maring
erwironmment and increase shell thickness in shellfish, decrense reproductive
vaahility, and cause other ervironmental problems. The company s Sea-Hie™
anmtifoulant biodegrades far more rapidly than previous compounids—with a
hahf-lide Im secliment measirad fn bowss (comparad with six o niee msonghs
for the Hn compounds ] Sm-MNine™ docs not bicacoamulate, wheres tin can
reach concendratioms in marine coganisms & high as ten thousand times its
ariginad concentration in the paint.

Wihat Charmusal Siate do Vimonarmes Anbopats?

What dis advocatis al green chemisiry envision, and swhar are somme exampliz
af research and development forefrants? A 2020 Plan™ proposed at a Univer-
sty of Massachusents Warkshap on the Eole of Polymer Research in Green
Chemistry and Engineering has predicnad chan withim nwo decades i shauld be
possible o
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* Roplace all sobvents and acid-hased catalysis that bave sdverse envi-
roamemal effects with solids, water-based replacemenas, or other
“green altermatives";

= Eliminsate pearly 100 percent of emsssons in pelymer manalaturing
and provessing, and redwooe by more than 50 peroemt the guaniity of
plastics placed in landfills;

= Increase energy efficiency by 40 percent or more in the manufaciere
of podymers

= Achiove a 3041 percent redoction in waste (energy emissioms, water,
and raw maierials).

These posks woild be appreachiad via “reserch on alemativ manafaounng
techniques, solveniless processes, new coatings and films, and green =eparation
techndquis” Rather than interfericg with chemical imnowatian—not semething
everynne woald fear, but presumably of great concern 1o industry esecutives—
the woshkshop pamicipants estimsved thar the greener processes aconslly woulkl
reduce by 50 peroonl the development time to produce mew palymers, partly by
simplifying manufacturing requirements and partly by redocing exnironmen-
tall comypliance transactions (2020 Warkshop 1998,

Chive hears prenty mach the same son of expectation from a smalll bt grow-
img numbser of thase at the forefront of chemical rescarch amd development, [&
& reminiscent of what occorred in the feld of energy analysis when Amsory
Lavins estimates of conservation potentizh from what he termed “soft paths™
wiisi pooli-poohed by carly reviewers bur quickly peoved wensible {Loving
1577 ). Likewise, what wonld have seemed like chemical never-never land a few
years apo now looks increasingly like a safe bet. Emblematic of the shifi is the
simple fact that whereas chemists ance washed their hands in henzere, *Today
cosicakagy B very much & part of the way people do busings.”

Faimter Design and Engineering, Incorparated, advertses that its produoct is
“highly effective, conmomical and leaves no toxic waste” [Painter Design 2002).
Flarida Chemnical s terpenes derived froem ciarnes odls to replace petrochemi-
il feeduiocks, allowing company executives s claim thar E-2-Mulse™ “is
bindegradable and does BOT contain suspect nonyd phenol foand in other
emmlsifiers” [Florida Chemical 2002, Such eco-marketing so far seems to be
more common in advertising intended for bosiness purchasers than for oedi-
nary comsiaers, perhaps because che former, on average, are isore informed
and more highly motivated. This is true in part because of Bability issues in-
cluding waorkmen s compensation, uniomized grievance procedures, and other
workplace health and safety advocacy and negodiation. With the exception of
cervaim firmes amad wigh 1lse parnis] exceprion of some nonhern Eenopean natians,
wirkers bodies aften are not taken seriously enough by management 1o make
by imvestments ar go to unasual lengths in rearranging production; but
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whien a technologscal breakibmough allows a relatively losw-cost change with
manimal hassle, managers are reasonahly goick o take sdvamtage of i,

This phenomenon has long beer a1 work in mone convestional aspects of
the chemical inslustry, In addigion 10 pressure from workers and rom govern-
ment regulaiors, chemical company executives found that in many mstances
they could actoally save momey over the long run by reducing chemical re-
leases because of money saved on raw materials and in disposal of hazardous
wasles. Among large Hallan chemical frms, for example, berween 19859 and
1997 air emissions dropped by 54 percent foe sulfur diensde, 72 percent fos
particles, 82 peroeml for valakile orgamic compuunds, aml 92 peromit bar heavy
metals. Wastewater effluents likewise declined. bt not quite 2= substantially
[Crinimexa 1996} Smaller firms have not deaned up their production processes
1o mearly the same degres, indusery spokespersons say; largely hecaase they
lack the expertise and finencal reources te do so

Wihat do these and other chaiges presape fior chimicals in coming decadis?
Acrording tooane advadate, Cal Tech professor Francis Ammold, “The abare =
limited oaly by our imaginations”

Obstadies to Chermicel Greening

Hiw rapscly the chamge of e can proceed obviously depends in part an
whiethir the aptimistic progections prove tichmically feasilde, andl as ivpoe-
tantly, vn industry execstives percepbions concerning soonomic feasibility
Movement towand more benign chemicals also will depend an the extent 1o
which government officials put pressure an industry; this will be shaped in
part by public intersst in the suhject, which, in mern, will depend largely an
media coverage amd an the prosehtizing actaenies of eenironenental interesi
o

At present, the techmical potentials are changing mudh faster than the social
comprehension and respomse, Fven in Europe, most regulatory activity focuses
an {omection or containment of esviranmenial problems aleeady existing.
An excepdion is the announced plan of the Swedish Chemicals Inspecioraie o
phase out @ dozer cspecially o Chernicals, arsd his some 250 an an “obeervi-
tieen” list that pretty choarly ane caslidates far being bannil, Cther FBarapen
nations are moving in that mame direction. But even this move is timid com-
pared with the baold possibilsties foreseen by a handful of green chemistry
visionaries, such as former Greenpeace staff member turmed béologist Joe
Thoewon, whe has constroceed & detailed argumsen suggesting that i s rechni-
callly aind ecomoenically feasible o phase s vienially all dhlorisired chemsst
[ Thirmten J000),

Systematic inguiry and debate about such a possibility is slowed partly by
thez wary that mass media handle envirommental stories. Coverage an television
and in newspapers may mol be entirely commensurate with the magnitede and
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soope of the problems, bat a greater obstacls is that the focus normally is on
sympioms rather than an the underlying probdems. Endangered species and
habitaz boss, spills of hazardous chemicals, soxic torts and their victims, and
ordinary air and water pollution capiure most of ihe abtention [Allan et al
200H; Hansen 1995}, In the instances where 2 story deals nod with prohlems
beut with potendtials for solving problems, the emphasis usually is on cleaner
emissions, with ne consideration of possibities for more fundamental redesign.
In a sense, therefore, media coverage of emvironmental issoes may aotally
tenad do take attention away from fundamental issues concerning design af be-
mign chemicals.

Ernironmental groups Bkewise generally remain bocked into the governing
memtality of the 1970 and 1980< an the one hand. chemicals are inheremtly
villainous; on the ether hand. it is paolitically and economically infeasible to
forego ihe chemicals benefiis. The only viable option. therefore, is treating
wastewater, scrubbing smoke stacks, and otherwise trying 1o keep chemicals
iy from Eving organisms. Given the obigaity of chemicals in comtempormary
society, the sequestration approach rather gaickly runs into difficah obstades.

Lsreen chemnistry achocates accept pollwtion cleanwp and sequestration
methods as part of the story. of course. but they emtertain a far more radical
cqptiom; preventing problems before they ocour by {reldesigning chemicals and
chemical production processes so .= bo come as close as possible to inheremly
beznigni. By recognizing that synthetic organic chemistry is highly malleable
and that social goals potentialiy can drive the rearrangement of moleoales ba
serve pablic purposes, a new governing mentality becomes available that could
lad ba a recomstnected chemacal state.

That there has been =ome movemnent towand nstibotiomlizing this sodal
muovement within chemisiry is indicated by the Fact that there mov is an annual
Gordon Conference an Green Chemistry, '™ The LS. National Acadenyy of 5ci-
ences serves o e verme for a different snnual sonferenoe covering groen chemn-
ical engincering as well as green chomistry, The Osgamication for Econamic
Coaperation and Development s Chemical Risk Management Program also kas
began to tackle the subiect, The Intermational Unson for Pure and Applied
Chemmistry focused om groen chemistry at #s 20401 conference i Brishame, as
didl that arganization s CHEMBAWN Committee | Chemical Research Applied
g Work]l Meedsh at an imtermational conference that same year in Boulder.
Althuugh sciemtists amed technologists prechomanate al these conferenies, there
i i corfreach Snward interest groups, govemment afficials, journaliss, and
othir nosexperis

The Greem Chemistry Instibsle cospansors numeroms canferemses, and
reinw haw more than a dogen affiliate organieations throughaut the world
(Green Chemistry Institate 20020, The main Chindss sechnodogical wniversity,
passihly leaplnogging western univensties with greater institutiomal momen-
turm sl fued capital, has recently apimed a new huikling Bar o green chem-
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Eary imitiarive. A commies of the Amerkcan Chemical Seciery s at work at-
temipting (o reviss chemistey texthooks and corvicula. Cherebos! omid Bagiaser-
in Mrws has begun 1o feaure artickes on the subject, and the Royal Society of
Chemisery buas lanched the joarnal Ceaes Clemisneg

These praery signs of Nife moowiibetanding, as in mos soclal inscinstioss
there is in chemisory, chembcal engimeering, asd the chemical indosiry consider-
ahle cognivive, instimuriomsl, sod other nssmenvam stendiog in the wey of the
rrasainerrarion. This i about as trse in uaiersities & i s s ndusery and gov-
crnimenl, Wi i a prestigios Austealian dheimmtiry dhais propesed o his depar -
meml "o hall disen® good measons to switch From their outsadal adivision
amwng physical, aganic, sl inerganic dhemisiey 10 an anganizasana frm
more in kevping with contemporasy practice, be “provaked outrage” and the
tsest e comibd vlstain was & study committee, Asked 5o comee up with sy poasd
meson lor maintaining the curment subsimicture al the depariment, the com-
mittee mjority negandisl, “That s the way its cone ot Harvand and Chicago.”
Thee sciimlidic stale of scademne chamzdry, ani: might srp, s comditioned by the
prlities of the academas estate, by the stahes hicrarchaes, sunk human capatal,
and even the Babormuory equipment designid for earlier trajectonies of chemical
resarch and teaching [Bell 1992; Croimant and Restis 2000; Creenbserg 2001

Adcitional Exarmymes

Ome of the hot areas i green chemistry is that of mving o moe towand
sobvemibess processes, or at least to synthesiz pathneays and techmigues that use
less dangerons sobvenix such as ketonse and ether. A promising line of imrestiga-
tion comcerms the use of sapercritical Audds, particularly carbson dioxide
(Kiram et al. 2000 The basics of scC0, have been understood for aboat s cen-
tur, yet umlil recently there were caly a handful of chemical processes utiliz-
ing the techmique, of which the best known is that of decaffeinating, coffee
{Williams and Cliffiord 2006,

Crpimions differ om whey this has been 0. Some paint 1o the capital expense
of buildirg equipment fo operate o the emperabares and presumnes necessary
for achieving sapercriticality. This seems a bit questionable; im that the pres-
sures involved are only abowt 3IMK pounds per square inch. and the iempera-
tures are within the range often found in industrial practice. Other observers
nominate maintenance difficuhies and costs as the culprit. 22ill otkers argue
that safety & harder to assure when dealing with pressurized systems. Mo
doubs there is validity in these daims, bus given the life cpcle costs and eni-
ronmental-social costs of many petroleum-hased solvents, it seems pretty
clear that a buge number of deemists in and oot of industry have for decades
nni been paying apprapriaie aitention tx the potential advaniages of sol0,
and other supercrivical fluids (SCFs).

A chemisiry prodessor working on 2CFs in the UK suggests that the ex-
plamacion ress panly with the faddish way sclemises sometimes approach new
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techmiques. There bave been recurrnent crches, he s, in attention to SCF poten

tals: first the potemtial is overseld as enthusiess propose and iy ou Gy
schemes far bevand the existing siate of knowledge; then, when thess fal, partic-
ipants arsl fundling agencies make the interpretation that SCF has mal wurked
aut, and atienisan turns to some other hot fopic. An obvioas albernatiee would
e patient, stendy exploration of whatever fandamenzal questions remain, coa-
pled with mindest chemical and other engineering innmovarions desggmed 1o apply
relatively simaple 3CF pechinology i eclatively smple manuGoturing ard other
prove=ses. But snch steady attention te a high-priority socal task would requirne
apenida-setting processes and linkages between political institutions amd re-
search imstitutions beter than thoese powe prevailing (Coozens and Woodhouse
15995 Wosndhouise e al, 200125

A e enodesl, guscesahal IF"I:II"I.I'H'LI'I is illusrated by the work of Materials
Technology Limdied (MTLI of Reno. Nevada, which in parimership with the
Mavabo Mation operates a facility next to the Foar Commers Power Plant in the
southwestern United States. As the primary raw materials for manufactariog a
line af mew proglucrs, MTL i using waste fly ash tha Seenery had 1o be aalad
away, COY, [roan the stacks that formerly was rebessed a3 a greenhouss gas con-
tributinm, and thermal waste heat. Thanks o supercrifical techmology that
turns the {0k, inte a solvent, the company is able to achieve maolecular band-
ing theat giwes the prodwcts improved funcionality coupled with Bighrer weight
thar competing materiats Tones 1998; <f Rubin and Tyler 1558).

The firm & foander was unable 1o get any s=wtance from the Federal gov-
ermmend in this start-up vemtare because “it dad not fit into existing environ-
mental programs; and venture capital firms were not imterested because the
process was deemed oo rsky” Ironically, the main insovation reguired in the
MITL s was o Technoscientific bt soczal: the entreprineur s out 1o create
a new husiness that would sequester carbon dioxide while utilizing waste
products fram an existing, bat initially uridentified business. Fe had no spe-
clalized training in 5CFs, and merely anooverad their potential while doing
resiarch to fgure aut o 1 make something ot of the materials svailable
Oiber green chemistry practifioners repoct bemg turned down or down-
graded in statas becanse their work seems " too applied” or otherwise not sexy
ensnugh.

Sxadf in Congress amd ar the Office of Management end Budgei |n Washing-
1o hawae Bnwn too ok alsour the smenging potentzls o take the lead inal-
ueating their saperiors about the ways green chemisicy may kead 1o modifying
traditicnal approaches to environmental regulation. Top administrators at
EPA4 tend mot eo be very knowledgeahle ahout ooiting edge science, perhaps
ary sclence, and the dosen oF so ERA staffers most dareaily working an grees
chemistry amd engineering bave been commied 1o voluntary cooperation
with imdustry, as are most of the chemical researchers [ imerviewed (and, of
cotarse, industry eveoatives).
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1t & nrue et harmonious relations bave been preserved with industry and
that the: green chemEary (GO imvemsng appeans la be gaining mamsenium, if
nembser of conferencrs and greneth in sumber of interested researchers is an
avgurate gauge. But with the sxeeptivn af Rebm and Haas, indusiry pariipa-
tisn al GO sondenences has boen Bcklosten, and 1 Bave ot seen evidense al a
maasive =hiff in industry practices, This impression is condirmed a1 least in
part by minimal activity on the subject at the American Chemistry Council
| foemerly Chemacal Manafacturers Assocation], which has lent 5is name to
several green chemistry conderences, bat has not focosed real money or atten-
tion on the subject as of this writing. In mid 1998, responsibility for one such
conference was assignad 1o a junsar staff membser in the Regulatary Affairs
Drivision, which apparently was because those with more seniooity “did nos
know how 1o fin green chemisiry imo the crganizatiomal structure” The arga-
nizatinns memhbere—the largeat players in the chemical industry—generally
“dos et seem very interested im green chemisiey”

A nuenber of Buropean government afficals have wold me they do nt fisd
thee Mosth Amiericans parely wolunrary approach persieae neveribel e, ai
af 22 Eurepesn sivironmental agencies had nudged industry ealy ratkser
ety el Tundamental redesign of chimicals,

A Few of tha Implications

Shifting tvward a new chemical state almost certainly wonbd require adadress-
ing the political obetacles to a shift in governments regalatory approaches to-
ward the chemical industry. This probably requires creation and diffusian of a
new imaginary. a new visicn of how to operate a symthetic planet i ways thas
do not threaten the health ar enviroomental integrity of the natural planes.
Yet. it & far from obvious how the ald enuncistory communsty and #s govern
ing mentality can be reformed or revolutionized {Anderson 19831

This is true partly becaase of the momestem problem introdoced shove.
Chemisry and chemical engineering mapors still do not study musch about ke
nign design, and chemistry professors lefi 10 thelr own accords have noa
changed currsculs misch i this regard in the past decade, 1a principle, scoed-
iang agemcie could force a nsare repid pace of curvicular adaprations en prac-
tiee, honsever, crganizations such e il Aceraditation Roard for Enginecring
arel Techmology (ARET) aphakd tradition msane than digustiog (rom o Ae-
sroditatim Boeard for Enginevring and Technolagy 1991 Amenican Academy
al Environmental Engineers 19990, I professional licensing exams for chemi-
«all engimeers emphasioed ervironmental conssderations (which at least in the
L5, they have nat], the curriculum might movee in that direction, Or if large
sums were available for inovations in benign chemical education, recaleitran
faculties might suddendy find roam in the oarricolum. Bai brown chemistry s
mam entum cemnairs strong as [ wirite {Hisghes 1965 Saudenmeier 1985; Hughes
1984).
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Thus, one Lnerence Laboralory scientist expressed bitterness that the De-
partment of Energy killed his reseanch progect after four years despite the fact
that it was on schedule to do exactly what hed promised. He felt * pressured by
[0E to obaain industry fanding,” but fourd the businesses he thought needed
the technology uninterested. And those dodng peer review at fanding sources
such as the National Science Foandation tend 1o kook down oo green chem-
istry proposak as “poo applied.” “3cience politics som etimes are more impaor:
tant than science,” a pracicing sciemtiss todd me daring nuy rescarch, weaning a
facial expression suggesting that social sceentists would not previcusly have
enderiained soch a thoughe. IF sclence nevizahly is & human acivicy cha bs
il 1o dnvalve habit, poditics, and other comroversial judgmenits, and if the
green chemasey case suggests once again that "sciemce i T importaat 1o b
lef vz sosengions” what wosld i cake to g bevond thar clichad insight?

O alirictzan that see s ceas 1 me is ta explace the possibading af bringing
tis cheriical design mrare ol the pelatively open, participative, ard frank TR -
atiom of democratic politics. Chemical engineering = an inheremily palitical
activity, as is all engineering, beoaws il restroctures everyday bes of workers,
chemscal plant eighbors, organisms in the environment impacted by haz-
ardous wastes and plant emissans, and those who come imo contact with
chemacal products [Woodhouse 1996 )Arguably, technoscientific reseanch and
inmovation now exercise greater influence over ordinary people s lives than
did governmeens in the cemturies when demaocratic principles first were being
applied. If 200 & there not ample reascn to ask whether and bow it would be
apprapriate to think about democraticizieg the technesphere, including thas
pentaining to toxic-versus-henign dhemicals [Mumford 1994; Winner 1977
Lelowe 1995].

The case ratees intereing amd impomas questions aboat whether and in
whal ways more demsacratic partcipation in seilivg sceencific apendas arguabdy
could have made pesitive comtributions w shaping chemizery in the lae reengicth
sy, More ingartanily, il mises questsans abost whene democratic methods
might ks msed in the futune so steer scieme differomtly and pirhaps betser {Faller
TOHY; Crprrens and WoodBouse 199500 The lesons 1 sentatndy take ey from
the green chemstry story derive in part from commuoenphice understanidings:

* Wery substantial damage 1o environment, workers. and users af
chemicals resulied from the actions of chemasts and chemical engi-
neers [in collaboration with atbers] in the teentieth century;

* Plany or most of those technical personmel devoted relatively Eithe
attention 1o imestigating. publicizing, or protecting against ihe rnsks
of the chemécal products they belped make svailahle for commence;

+ Maor did meost techinoscientists seek diligemly vo find ahernative syn-
thesis patkneays that wouald produce fewer waste byprodoces of lower
hazard;
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» Mor did most chemists amd chemical engineers seek 10 develop (or
recammenid, if already exisiing ) alternatnoe final prodscs that wonld
take the place of chemical products posing risks.

Knowing what we mene do about the posential for bensgn chemicals, ome can
infier that many emironmental and health problems might haee been vnided
ar reduced if scientists and engineers had moved more expeditiously to imesi-
gate, develop, and utilize different techniques. What stopped that fram happen-
ing is partly conjectare at this point, bt a few key poinis are hard to miss,
starting with the fact that most chemists and chemical erganeers work directly
ar indirectly for indusery, and their careers depend an the comtisiing goodwill
af conporste executives. Both the grear succeses and the horeibde futlings of the
[l cersury & chemmbstry can e wwaced i par e the redatonship

Secnesd, we kst that umiversity chemical researchers exercise substamial
aliscretion ower their ressanch and 1eaching. although obviously influenced
greatly by ather membsers of her Rekls, This belps insalate (Bem from un-
due external influence, excep! fom compamies. wreareling comanlting coniracts
arel rescarch grants, The academic freedam also parizlly insalabes them rom
aconuntability fur those aspects of their work that have impacts oan=ide the
undversity. impacts on the general pubdic and on the hicephere.

Third, we know that the splst between scienific and socil sciencehumani-
ties education just about assares that most supposedly edocated peaple will
nod know musch abouwt chemistry (or other sciemces). Most of as know next to
nothing about reduction, aodation, methyl groups. ring- opeming polymeriza-
tiom, ar anythieg elez involved in chemscal processes and produscs. Mor doowe
knoww minch about bicchemistry and the new catalysis-hased chemistry com-
ing to the fore. That might be all might, B chere were pubdic interest scienizsts
wie colld cownt on to repreent us compeiently, with relevam expertise tha s
relatively indepersdent from sablished digues and hiererchics within sain-
steear chemsary izl Sierra Cluh, the Environmsentad Delense Fand, Britksh
Mature, Greerpince, and sther major coviransestal gronjs have some simn-
tifically competent saall members, of course, bt they are melatively lew in
numn b r—amd disproportionately drasn from biological rmther than dhemical
sciences, The world has nothing approaching the number of public inberess
scientists that would be needed for competentiy overseeing the waork of experts
employed primarily by business [ Frimack and Yoo Hippel 1974),

Fourth, partly because of the above, we know that contemporary socetses
donog have well-desigmed and fully artioolated social institotions for monitor-
ing chemistry and chemidcal engineering. Mar do most nations have svisfac
tory institutions for interpreting and deliberating about emierging directions,
ar for setting priorities in a way that integrates broad public comcerns with
relevant expertise. In the LA, for example, the Hiese Science Conamittee, the
appropriations subcomminess, and other relevant comamiriess esercise far
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mrrre detailed and sophisticated scrutiny than what is avaidable in the British
or Premch parliaments, bat Congress nevertheless delegates most decision:
muaking showt chemastry and chemical enginesring to the Mutional Scence
Foandation, the Matsanal Besearch Coancil, and 1 e university and miustry
scctors, That scemed like a fine arrangement to mast peaple for mesq of the
past several generations, bat the unwanded begacy from brown chemistry raises
serinus questions showt ahuse of the authority traditionally defegaied 10
chemnical scienizne and enjireers and their instmutions,

Meither sacial scientists nor other obeervers of scienoe bave offored pene-
trating, construciive ideas for how o arrange genuine accountability for sceen-
tists ansd sciemtific institutions. Science fravd and related issues have drawm &
fair amount of stemiEon. leading o tighter asliting. insmaional renew
boards, and other procedural safeguards [Wells et al. 2001 ). But the reformers
have nat wsually focused on substartive research directions, in pant because it
is widely assumed that only those within & subfield are in & good position 1o
e which wogrics most diserve imestigation.

Yt the green chemistry case suggests that in some respects insiders can be
exactly the wrong ones to comrod priorities, because they can be wed ded to ha-
izual ways of doing things that swit themselves amd their benefaoiors more
than they meet the neads of humanity asd the ecospster, The hasas insighe of
plaralist palitical thought is that increasing the diversity ol participants brings
to Bight impeortamt consideratons that are accidentally or willfully neglected
when decision-making is comralled by thase with the greatess stake in the cat-
et Livsdbeloi and Woosdhones 1993; Dald 1998, 156 msuffcient seasan 1o
bzlieve that this principle would not appdy to scientific institutions and to the
nagotiations occurring therzin,

Anather reason for mouanting serioes inguiry imo the possibiliises for
Becader, moee open negatztion concernmg (e design of chemicals i thar the
pendulam seoms ba be swinging tos fir in the diredtion of “operation” with
imdustry in many mations. “Co-eptation” has just aboat the same spelling. and.
I fear, in some cases the same meaning. One oaght 1o worry when public offi-
vl after pablic aficul, snd acadensic scermizg after academic scientist, spesks
of “forming rescarch agendas based om industry needs” " Industry + umiversity
= new science and new process,” “ervironmental improvement and economic
growih are mot in conflict,” and %0 forth. [ em sore that negatiation often
vk sene; but hliedly relying an business executives amd their employess 1o
serve public purposes docs mot fit with some of our most relisble undensand-
irgs from ecomomics ard political science concerming market shartcomings
and the privileged posivion of basiness | Lindbbom 1577, 2001,

Conclusion

(Given the inherent malleability of synthetic chemicals and the myvriad, par-
taally conflicting public and private purpeses i which they can be put, cne
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might have ewpected high levels ol comimversy from the oatset of the chemical
era, Instead, the modern chemical stale has generally bon characterized by a
sEramge quicscersor, by an eerw acorptand | Bdidman 1971 ], This chim seem-
ingly is bedieal by the intense controvirsies over Bloqul, Agest Orrange, toxic
wiiste at Wishurn s Love Canal, Gall War Syndeoene, and ather chemical-
peolitscal eventa En light of what we sow knosw abost solvent replescemem and
wiher sepects of gresn cheméstry, however, it becomnes apparenit that nelther
the famaus comroversies nor the quéster, business-as-usual regulation of
cheenicals actually have gotven beneath the surface to problematize matiers at
a molecular level The struggles mormally have concermed how dangerous
dioxin is, or b many people have been harmsed—in other waords, strugples
orrer medical and sciemific knoneledge abomt chemistry-as-asual instead of
over the chemistry-that-mighi-be. The question rarely if ever asked. the de-
mmanid rarely if ever madle: mechesign chemical sctivities from seratch ba b din-
Fererily B

CGaven (Bt the majocity ol the chemical industry s siivitios could Buve
beeem pursued guite differenily, in ways radically bes prone o creste health
and enviranmental risks, It & clear bn retreepect that there has been a dreamy,
sonnamballstie quality to the wavs governnsent officisbs, consumers, work-
ers, and even emvironneental inderest groops have largely acospeed whatever
chemical engineers and their employers decided to offer by way of chemical
synthesis patbrways and products [Winner 1977, 19880 If neore people had
Emomum of the potentials of green chemistry, they would have been inoa posi-
i b0 search for coumter narratives bo those dissemimated by indasiry and by
the mainstream chemetry community (BEoe 19%4]. Having mot known to
question by mentality governing broswn chemastry, however, even enviran-
mnimlalisls have bistn Traped anto debating < he niscall & irefties withan the rida-
tively rurmw discowrie deplopad by the dominant commusity of chemical
practice,

Whereas puhlic palicy conventionally s conceived as emanating from gov-
ernment, nomgosvermmental declsions shout techmobogy by technobogises end
their industrial emplovers in fact have transformed everyday life in ways mare
prodourd than anything governments normally do. Insdavations in commani-
cation, tramsportstion, manafaciurmg, household, and lesere techmologies
lead so fandamental changes in the ways people spend their time, money, and
attention. “Innovations are simikar to legislative acts or poditical foursdings that
estabdish a framework for public crder that will endsare over many generations™
(Winper 1986, 295, And posi aboul eeervone—from the crassed spokespersons
for the chemicals imdustry to Uhe meet cealspokom emvimemmentalis crilics—has
Iscugght isti the brown-chemistry framesock, has Ikl an the chemical state
wia e widne mmpeverishnd goverming mentalivg 10 thes o chuaige acess the
beward, s willl Baave 1o be Sound for ecpen communitees not g0 lock s
ereeely mareow ways of inguiring and thinking,

=I5
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Governments were iovohved, certaindy, ban dhemists and chemical engineers
arguably wera the primary palicy makers in establishing the enunciatory com-
mumity whose discoure and worldview framed how the rest of us approached
our Tobes as boxic victims, environmental activists, cofsamers, chemisiry stu-
dents, soience jommalists, povernment regalators, and indusiey execotives. The
result of the narmoew thinkirg within chematry and chemical engineering was o
help form a*nation.” an imagined commuriiy, whose shared imaginary was ori-
ented aroand a sogle, emduly limsed version of chemistry and chemical prod-
ucts [ Anderson 1963

If chemisis and other experis are to participate mare helphally in the fubare
in nomgovernmental (as well as governmental) policy making. nomral revi-
sians in the social relations of expentise would be required (Woodbouse amd
Heeusma 200} A new sociofechnscal consifution for a new chenxical state
winild need fo armange for:

= My different mterests 1o negoliabe via demoorabic processes;

* [rrawing om much morme diverse sounces of expertise to undersiand
the potentials and problems;

= &0 ax 1o design natian-stabe regulsory policies and other social
norms and practices that stromgly enonurage univeersity scence and
engineering Bculty to give very substamial weight in their teaching.
rescarch. consuling. and pohblic commentary io chemical ideas and
practices highly protective of emvironment and bealth;

= And that evoke from indwastry only these mnevations m the design of
nw malecules that are biclogically bendgn, ar <lose 1o @, both in
terms of manufacturimg processes amd in terms of final products;

= Therehy protecting the badies of workers, onsumers exposed 1o
whemacal prodlucts, and living orgamisms in the ervimonment,

I every shep in this process was viclated egreginusly by the brown chem-
istry of the fweniseth century, some ol the vialations surely were due o a meardy
inevitabile narveté about chemicals that was nobady s fault, Howees, many of
tha wiskatans wne doe o tha studied indsfferenor and sven wilbful neglect that
is typical af d#es making docisions with imadegquate accomntabality—in this
casr, chemical executiees, their techmical employees and contractors, their allies
in unieeryities, aned gosernment afficials pursuing wartime sooosss and prace-
Timne goomoine compelition

Inasmuch as the chemisal lt-l.l-rtrrurprd wia & complex sociopalitsal pro-
o, b, iE may be mons insres s 1o use car new sppoeciation of chem-
istey & patentials toacknowhedge bow far hamanity has et v go in desdgning
thie ezl mebations witkin which expeertis fumctons, Ciligms ignorance, con-
sumars manchalancs, aduclors myopia, joemalsas neslopate training—
tha st of Factars in the overall social comstruction of comrilbmiory neglipenee
is hng, I may sal b b st s sy that inappropriate chemical expertise
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and pourly designed imtermediary institutions bave crippled public andser-
standing of environmental problems and mistargeted nation-state practices
concerning chemical innevation and regulation.

Barcause equivalent probdenes apply to wome degree oo every field of expers
tese, and because experts and their knowledge daims now are implicated in
Jusz abouit every human activicy, the overall peogeor of redeslgning experitse
probsaldy amogants fo partial mediagn af boman givilization, Az imperant as
the design of benign chemicals surdly is, therdfore, the Gise of greom chemastry
woaild becomie far more important if it helps put us on the road to the daunting
but also inspiring destination of a dvifization based more frmly oo reasoned
insquiry arel sensibde experimentation, where knowledge is placed in the ser
vice of wisdam more than in the service of the ends favored by twentieth-
century hrown chensisiry,

L
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March 17, 2004

The Honorable Sherwood Boehlert
Chairman, Science Committee
2320 Rayburn Office Building
Washington, DC 20515

Dear Congressman Boehlert:

Thank you for the invitation to testify before the Committee on Science of the U.S.
House of Representatives on March 17" for the hearing entitled H.R. 3970, the Green
Chemistry Research and Development Act of 2004. In accordance with the Rules
Governing Testimony, this letter serves as formal notice that I received no federal
funding directly supporting the subject matter on which 1 testified, in the current fiscal
vear or either of the two proceeding fiscal years.
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DiscussioN

Chairman BOEHLERT. Thank you, Dr. Woodhouse, and thank you
for those suggestions and the excellent testimony. I have got a sug-
gestion for you. You tell a story exceptionally well. I would hope
that you would consider doing some thoughtful op-ed pieces, be-
cause part of the problem is that the public needs to be educated
in this area. And some of the examples you gave are outstanding
examples. And some op-ed pieces would, I think, get people’s atten-
tion. So thank you very much for that testimony.

The Chair will yield the Chair to the author of the legislation,
Dr. Gingrey. I have to take leave for a few moments, and he will
lead off with the questions, and then he will recognize Ms. John-
son.

Mr. GINGREY. [Presiding.] I thank the Chairman and I thank the
witnesses for their testimony.

Let me just start off the questioning, and this actually will be for
all five of the panel members. Hopefully, you will want to comment.
In what ways do you think that this bill, H.R. 3970, would accel-
erate adoption of green chemistry in the private sector? And please
describe the elements of the bill that you think will have the great-
est effect. And we can start with Dr. Bement.

Dr. BEMENT. One program at the National Science Foundation
that, I think, has a great potential in that regard is our work in
entrepreneurship and innovation—partnerships and innovation
that link the private sectors with universities, and especially small
start-ups, because this is an area that is evolving very, very rap-
idly. There is a very broad, rich spectrum of research going on at
universities right now that have potential economic, as well as en-
vironmental, benefit. And what is needed right now is to compress
the lead-time of getting some of these new concepts into the mar-
ketplace. And I think that these types of partnership programs
would be most useful.

Mr. GINGREY. Dr. Gilman.

Dr. GiLMAN. I actually think one of the benefits of funding re-
search, as you have proposed, is the spillover that happens in
places of education with doctoral and undergraduates being intro-
duced to the field of research. I think as they find their way into
industry, the folks who have an understanding and the knowledge
about the use of these approaches, green engineering and green
chemistry, make it easier for the private sector to adopt those ap-
proaches. So I think that is an indirect benefit of what you are pro-
posing to do with the legislation.

Mr. GINGREY. Dr. Cue.

Dr. CUE. I see three potential benefits to this legislation. First
and foremost, I think it brings the Federal Government focus to
green chemistry that has been too infrequent in the past. Like
many in my generation, I went into science because our national
leaders challenged us in the early—late 1950s to respond to the
embarrassment of Sputnik. And I believe that a similar challenge
to industry and to academics will generate the same response in
green chemistry. Specifically, this is going to dramatically, I be-
lieve, improve the situation with regard to students going into
green chemistry and academia, because more money will be avail-
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able to have that happen; more universities will have green chem-
istry programs, and companies like mine will be hiring chemists,
who, from day one, know about green chemistry and can practice
green chemistry principles.

I also believe this is an opportunity to better integrate govern-
ment, industry, and academic activities around green chemistry.

Mr. GINGREY. Thank you.

And Mr. Bradfield.

Mr. BRADFIELD. I would say that solid science is absolutely crit-
ical to changing some of the economic and professional inertia that
Dr. Woodhouse was speaking about before. We absolutely can not
go forward without the kind of cooperative projects between the
universities and industry that are going to provide that kind of sci-
entific foundation. It also sends a signal to stakeholders that we
have a concern in the case, the Federal Government, and the value
of that can’t be underestimated.

Mr. GINGREY. Thank you.

And Dr. Woodhouse.

Dr. WOODHOUSE. I like the part about expanding the education
and training of undergraduate and graduate students. How to
achieve that, however, is an interesting question. And one of the
possibilities that I would recommend to you is to consider the possi-
bility—whether or not there may be connections that Members of
this committee have with Ford Foundation and other groups of that
nature so that you could use your symbolic capital in a way that
would greatly magnify the funding that you can otherwise provide
so that university departments rarely turn down offers of funding.
And yet without very substantial offers of that kind, I fear that
chemistry and chemical engineering professors will not take the
time and effort to retool their curricula. And so I would look for
creative ways to leverage that don’t cost federal dollars.

Mr. GINGREY. And if I could ask just a real quick follow-up before
yielding to the Ranking Member, H.R. 3970 authorizes an inter-
agency research and development program. And do you think that
greater federal investment in green chemistry R&D would actually
increase adoption of green chemistry by industry? Anyone?

Mr. BRADFIELD. I would say absolutely. One of the things that
we find today is we have to cast about—out in the marketplace, in
cooperation with university partners, for grants in order to find the
way to fund a lot of these things, which are—will underpin the ulti-
mate green chemistry that finds its way into practical applications
in industry. These are basic research projects that would have ap-
plicability to a wide range of industries, and not necessarily to any
particular industry or industry player, such as Shaw Industries.
We believe that those are the kinds of things that should be done
as a cooperative effort between academia and government and the
industry. Anything over and beyond that, we, as individual compa-
nies, should be willing to fund and invest in on our own. But it cre-
ates a tremendous base of understanding in basic research.

Mr. GINGREY. Thank you.

Dr. WOODHOUSE. I see this as being not solely about formulas
and tactics, but about being—regarding hearts and minds, vision,
worldview. What is it that humanity ought to be aiming for? And
so in that sense, it may be that the particular research that is cata-
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lyzed is less significant than the signal that is sent regarding the
importance. I believe there will be the beginnings of a trans-na-
tional phase-out of many of the most toxic chemicals in the 21st
century. We are not ready for that. We can get readier by some of
the research that this will catalyze. So I think both the tangible
and the intangible matter here a great deal.

Mr. GINGREY. Thank you very much.

And I see my time is expired, so at this point, I will yield to my
friend from Tennessee, the Ranking Member, Mr. Gordon, for his
question. Thank you.

Mr. GORDON. Thank you.

And this is a question for the panel at large. In addition to the
benefits that this bill will provide, what other federal actions could
be taken that would accelerate the adoption of green chemistry?
We will just start at the—my left and work around.

Dr. BEMENT. Yes. Thank you, Mr. Gordon. As you know, there
is plenty of incentive these days to develop as much leverage of
available research and development resources as is possible, espe-
cially with tight budgets. The opportunities in research, especially
in green chemistry, are far greater than the amount of resources.
So we have been incentivized for several years in working closely
with EPA, with the Department of Energy, and with NIST in try-
ing to get more output, more outcome, for the amount of R&D
investment

Mr. GORDON. Okay, but what additional federal actions could we
take? What would you recommend, additional actions beyond this
bill that would accelerate the process?

Dr. BEMENT. Quite frankly, I can’t really come up with anything
highly creative other than

Mr. GORDON. Okay. That is all right.

Dr. BEMENT.—what is currently being done.

Mr. GOrRDON. That is fine. Let us just work on down the Com-
mittee and see if we do have some creativity here somewhere. Any-
one else have any suggestions? Yes, sir.

Dr. Cue. Within the pharmaceutical industry, one of the chal-
lenges that we face in applying green chemistry solutions to exist-
ing manufacturing processes is if we change the manufacturing
process, we almost always change the purity profile of our product.
That could require, in many cases, redoing expensive development
studies in order to prove to the Food and Drug Administration that
our products are safe. And that is an issue that I have no solution
to addressing, but clearly, I believe, is something that we need to
address, at least in the pharmaceutical industry, as we go forward.
How do we act on these new scientific discoveries in a way that al-
lows them to be incorporated without altering the quality of our
products?

Mr. GORDON. Yes, sir. Go ahead.

Mr. BRADFIELD. Several things could help, from an industry
point of view, and my—and in my view. Certainly tax credits are
always welcome in trying to put new investment out there, which
may or may not pay off. We take a tremendous risk when we put
a couple hundred million dollars into a program for which we may
actually get no return whatsoever. In the case of Shaw and
EcoWorx™, we got tremendous payback on that product. And the
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public got good value. Federal purchasing, based on multiple envi-
ronmental impacts versus single impacts, like recycled content,
would be extremely helpful in helping to understand exactly what
all of the impacts are of development, not simply a one-dimensional
impact.

And then, of course, one of the things that we see happening
today is many people are rushing to put standards in place for en-
vironmental programs, and yet we don’t know enough. We don’t
have enough good science yet to do anything more than offer those
as guidances. And so I think there is rush to judgment, in some
ways, to put hard and fast standards in at the federal level. It
needs to be mitigated a little bit by that caution of saying, “We
may know tomorrow more than we know today. Let us take a slow
approach here.”

Dr. WoODHOUSE. In the nanotechnology legislation this com-
mittee was largely responsible for, you had thoughtful consider-
ation about public participation. And it seems to me that some-
thing analogous to that could be beneficial in the green chemistry
case. It is not as obvious, since it is a different phenomenon, how
to go about it, but the environmental interest groups are not pay-
ing the attention to green chemistry that they ought to. Journalists
are not paying the attention to green chemistry that they ought to.

Mr. GORDON. But that is not federal action; I am asking——

Dr. WoODHOUSE. I am

Mr. GORDON. Okay. You will get there.

Dr. WOODHOUSE. Yes. I hope so. The social scientists are not—
very few social scientists have been—in history of science, for ex-
ample, history of 20th century chemistry, is one of the least rep-
resented fields. So one of the things I would consider catalyzing is
additional social science attention and, more generally, social atten-
tion to the phenomenon. And that is something that sometimes
funding of the sort that is targeted set aside can assist with. So the
ethical, legal, and social implications programs that go with some
federal science bills, might be worth considering.

Mr. GOrRDON. All right. Let me just, finally—let us assume that
we have a consumer epiphany here in this country, and they go to
the industries involved here and say, “We have just got to have,”
you know, “green products. We just can’t live without them, and we
are going to pay you more for them, and so please get them out
on the market.” So that happens. But what happens so oftentimes
then is that it is still going to be more expensive. Third-world coun-
tries are going to say, you know, “You have made yours. You can
afford to do this. We can’t, so we are not going to go forward.” So
how do we deal with this on an international basis? Anybody have
any suggestions?

Mr. BRADFIELD. I think there are a couple of things that work
there, Mr. Gordon. The third-world problem is, and it is a thorny
one, as you well know as legislators. It has been said that be-
tween—we would need between 4 and 4.7 planets the size of the
Earth in order for everyone around the globe to enjoy the same
level of standard of living that we do here in this country. And you
can imagine what a tremendous drain that would be on the re-
sources almost overnight. That would put us in a cataclysmic situa-
tion.
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What we have to do is be willing to share best practices and to
transfer technology, in my opinion. We can not afford for other
countries to go through the learning curve that we did in a cradle-
to-grave economy. We must move in a cradle-to-cradle loop and be
willing to share those loops and get those into other economies and
get them beyond that paradigm much more quickly.

Mr. GORDON. Thank you.

Thank you, Mr. Chairman.

Mr. GINGREY. Thank you, Mr. Gordon.

And I will now recognize the physicist from Michigan, my good
friend, Dr. Ehlers.

Mr. EHLERS. Thank you, Mr. Chairman. It is—I am a physicist
only because I had a few explosions in chemistry lab. No, not real-
ly. But I have to say, when I was a student, the only green chem-
istry I saw was the molds growing on some leftover samples that
I neglected to get rid of.

I am very delighted with what is happening with green chem-
istry. And I guess—it seems to me the question here is how can
we accelerate the change. What are the factors here?

And let me focus in on just one. I was very surprised to hear
from Dr. Woodhouse the—not only that there is very little green
chemistry taught, but that there seems to be opposition on the part
of chemistry faculties to teaching green chemistry. Perhaps I
shouldn’t be surprised. That bears out an adage that I always used
to say to—or a saying that I propagated to my colleagues when I
was a teacher, and that is that professors and teachers are, in a
sense, bi-polar: they are the world’s most liberal people about other
people’s affairs and most conservative about their own affairs. And
so they are quite willing to change the world, but not willing to
change their department or their courses. The—and then I spent
my life trying to fight that tendency within myself, and didn’t al-
ways succeed, so I am not being supercritical. But a question for
each of you, other than Dr. Woodhouse, and that is what do you
see as the status of green chemistry education in the U.S. today?
Are chemistry students graduating with green chemistry skills and
knowledge or not?

And specifically for Dr. Cue and Mr. Bradfield, do your compa-
nies typically have to train scientists in green chemistry when you
hire them, or are you finding students on the market who do have
green chemistry skills?

And the final question is: does having green chemistry skills im-
prove their marketability in the job place today?

So we will just go down the line. We will go right to left this
time. Mr. Bradfield.

Mr. BrRADFIELD. What we find is we hire a tremendous number
of scientifically-based professionals: a lot of engineers, both chem-
ical and mechanical, textile engineers, and so forth. We find that
they come to us with a certain bias toward doing it the old way.
There is definitely some retraining that has to go on in trying to
change the way they think about some of the things that we are
trying to achieve. I do believe that it is very hard to break down
those barriers, but when you get them young and get them trained
and indoctrinated into some of the things we want to do, and we
find that they respond very quickly.
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The biggest single hurdle, and the reason for my existence within
the—our organization is simply because I am the guy that says,
“We will not take no for an answer.” I am the guy who does not
believe that it can not be done. When there are—seems to be so
much scientific certainty, this says that it can not be done. And so
it takes change agents. It takes problem-solvers. It takes people
who believe that there is a way, if you only look hard enough. And
what we have found is many of those same chemists and engineers,
in the end, become believers once you show them that there are,
indeed, ways to move forward.

Mr. EHLERS. The irony is that I have always felt that scientists,
intrinsically, should be change agents just because that is the na-
ture of science. And it is shocking if students don’t see themselves
that way.

Dr. Cue.

Dr. CUE. There is a saying that is very popular at Pfizer right
now, and that is that “culture eats strategy for breakfast every day
of the week.” And green chemistry is really a strategy so far, and
I think what it needs to be is a cultural change. So I believe it is
absolutely true that most chemists, trained in academics, don’t get
enough exposure to green chemistry, nor do they really understand
the difference between green chemistry and traditional chemistry.

There are some very good schools in the United States that train
chemists in green chemistry, and the programs on toxicology and
environmental chemistry are increasing, but the pace has to in-
crease, and the number of these schools has to increase. And I
think industry has to be more active in going out and looking for
students from these schools, as opposed to the tried and true
schools, like Harvard, Yale, MIT in the Northeast, for example, the
University of Michigan, other schools like that.

I think the other issue that we confront is that most of the re-
search happens—begins at the lab stage, and a laboratory chemist,
by and large, just doesn’t appreciate, when they are handling very
small quantities of material, what the impact of that looks like
when we scale it up to commercial quantities. So there is kind of
a view of, “Well, it is only a lab. How much can I—it is only a few
hundred milliliters. It is only a pint of water. I am not generating
that much waste.” So I think we need to do a better job of edu-
cating the people in the laboratory, be it an industrial lab, be it an
academic lab, be it a government lab. That lab-scale chemistry does
count. And if it is successful, somebody is going to be using it in
the commercial scale someday.

We have found that we have had to create programs of our own
to train our scientists in green chemistry, because we are not hav-
ing them show up on day one. We are starting to see now a flow
of chemists trained in green chemistry, so I predict that will
change. After all, green chemistry has only been around for a dec-
ade, and with any kind of a program, it takes about 10 years to
start to get the yield in the investment.

We are also working very hard—diligently with schools in our
area—in our R&D site areas to bring students in to let them un-
derstand what industrial chemistry looks like and how green chem-
istry can positively impact that, so when they go back to the uni-
versities, they can teach the faculties—tell the faculties, “Yes, in-
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dustry is serious about this. They are anxious to see green chem-
istry practiced. And we better get about the job of teaching it in
academia.”

Mr. EHLERS. Dr. Gilman.

Dr. GILMAN. One of the reasons we—one of the first steps we
took in trying to reshape our focus on sustainability was to intro-
duce the P3 Award, largely for engineering schools, but that in-
cludes chemical engineering as well, was to begin to raise the level
of awareness and interest. And I am very hopeful that next month
we will be able to announce to you a collaborative effort we are
doing to provide information on those schools, those graduate
schools, that provide a focus in their curriculum on the sciences
and technology associated with sustainability. So provide for inter-
ested students and really bring to the attention of the university
administrators that there is an interest, and just rack up for folks,
on a side-by-side basis, what curricula and what universities hold
for people interested in this direction.

Mr. EHLERS. I am glad to hear that.

Dr. GINGREY. Dr. Ehlers, if we could, and I thank you, I think
a vote has been called, and I did want to have time to recognize
your colleague from Michigan and the Subcommittee Chairman of
Research, Mr. Nick Smith.

Mr. SmITH. Thank you very much.

It seems to me that too often we sort of romance about the envi-
ronmental benefits of regulations and other environmentally be-
nign practices without regard to their impact on business and the
economy. And so that is part of my question. That approach is
short-sighted, especially in today’s globally competitive environ-
ment, where even the most minor misguided regulation or require-
ment can put us at an enormous competitive disadvantage. And so
that balance and that knowledge, and therefore, that adequate re-
search is so important, and I think maybe part of—how much a
role can government play? How much a role does good information
play in stimulating the kind of green chemistry advances that can
end up, like you suggested, Mr. Bradfield, in terms of making us
more competitive, rather than less competitive? And so that would
be on my—one of my questions.

And just to make a note of my second question, which is do we
need better coordination between the four agencies that we are
talking about to make sure that we are not overlapping, that we
are not reinventing the wheel, and that we are working together
in terms of the tax-dollar effort that government is playing. And I
will stop there for a couple quick answers.

Dr. Bement.

Dr. BEMENT. Yes. And thank you, Mr. Smith. First of all, in an-
swer to your first question, it is absolutely essential that we have
a strong scientific basis for any regulations that we put out in this
area. And if I can use my split personality, I see that as a role not
only for the National Science Foundation, but also for the National
Institute for Standards and Technology. NIST is very actively in-
volved in developing the science base, and also the standards to
support green chemistry in several dimensions.
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With regard to your second question, of course there needs to be
close interagency cooperation, and we need to build on the coopera-
tion that currently exists.

Mr. SMITH. Any other comments? Mr. Bradfield.

Mr. BRADFIELD. Yes. Just two quick comments. We see a tremen-
dous need for interagency coordination; even within the same agen-
cy sometimes, you can have conflicting rules that affect industry,
one giving an incentive for green chemistry, the other, perhaps,
giving you a disincentive for creating new materials.

The other thing I would say here is as a manager at Shaw and
Vice-President, I am constantly green chemistry and sustainability.
I have to sell up. I have to sell down. I have to sell out. And in
order for—to do that, I need all of the help I can get, and if the
Federal Government would interest my most senior management
with tax credits that they know are going to push them a little bit
more in that direction, they would be more inclined to be accepting
of these projects where they are putting dollars at risk, then I can
get more done.

Mr. SMITH. Thank you.

Dr. WOODHOUSE. 1 would like to pick up on your point about
global competition and cut it the other way. It seems to me there
is a danger of the U.S. losing out to the E.U. and other arenas.
BASF and B.P., for example, have taken strategic choices to phase
out chlorinated hydrocarbons, because they are worried about the
long-term effect on their industry. Whether they phase them out
over a decade, a generation, or a century, they haven’t said, so we
don’t really know what is going on there.

But conversely, some of the U.S. companies are actually moving
into markets that the Europeans are vacating. That is worrisome
to me. I hate to see the U.S. lag rather than lead. And I—just from
a purely commercial point of view, given the long lead time that
is involved with major chemical facilities, if U.S. companies are not
taking an aggressive stance towards green chemistry, and if the
world continues to move, as I predict it will, towards the phase-out
of the toxic chemicals, we are going to be caught behind. So that
is the

Mr. SMITH. So the bottom line—I mean, for lack of a better word,
you—there is a golden mean on both ways——

Dr. WOODHOUSE. Absolutely.

Mr. SMITH.—that we need to work at, and hopefully it is going
to be the green chemistry that is going to add for—add to our abil-
ity to be competitive in the most environmentally positive way.

Thank you, Mr. Chairman.

Mr. GINGREY. We—thank you, Mr. Smith.

We are rapidly running out of time, and I wanted to ask a quick
question before we wrap up the hearing. And I am going to direct
this mainly to Dr. Bement and Dr. Gilman. And actually, this is
a two-part question. Do you think that the Nation might benefit
from a more strategically focused, green chemistry R&D program?
And are there adequate mechanisms by which agencies currently
interact to determine strategies and priorities in green chemistry?
Just quickly, Dr. Bement and Dr. Gilman.

Dr. BEMENT. I think that the program that we have is balanced
in that it balances individual investigator grants with center
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grants. And the important thing about the center grants is that
they also integrate public outreach, K through 12 outreach, and
also curriculum development. So the program addresses a lot of the
issues that have been raised during this hearing.

I think those programs have a natural growth potential right
now. There is a lot of growing interest in these areas. All of these
programs are growing, and they are distributed around the coun-
try, but obviously, it is something that needs to be nourished, nur-
tured, and continued to be encouraged.

Mr. GINGREY. And Dr. Gilman.

Dr. GILMAN. Our current extramural programs are well coordi-
nated, I think, between the National Science Foundation and the
EPA. To give it a more strategic focus, you probably need to bring
to bear more agencies, and you probably need to bring to bear in-
tramural work as well. EPA has both an intramural and an extra-
mural research program. We have quite an extensive intramural
program in pollution prevention and green chemistry. The effort is
ongoing. As I said, we have a history of collaboration between agen-
cies, especially on the extramural side. There are some efforts in
the Office of Science & Technology Policy (OSTP) right now to try
and make that a broader collaboration between agencies, Depart-
ment of Energy, Department of Transportation, and the like. So we
could do better at our coordination. We are trying to do better. And
the levels of interaction are quite good, especially on the extra-
mural side right now.

Mr. GINGREY. Thank you, Dr. Gilman.

And with that, we will wrap up this hearing. I want to thank all
of the participants, each member of the panel, Dr. Bement, Dr. Gil-
man, Dr. Cue, Mr. Bradfield, Dr. Woodhouse, for your testimony.
Unfortunately, we have to rush to make a quick vote, as my col-
leagues have already left, but I do thank you for your testimony,
and of course, I really appreciate the unanimous support of H.R.
3970.

And with that, we will declare this hearing closed.

Thank you all very much.

[Whereupon, at 11:30 a.m., the Committee was adjourned.]
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1081H CONGRESS
P M, R, 3970

To provide for the implementation of a Green Chemistry Research and
Development Program, and for sther purposes.

IN THE HOUSE OF REPRESENTATIVES

MarcH 16, 2004
Mr. GINGREY (for himself, Ms. EpDIZ BERNICE JOHNSON of Texas, and Mr.
EHLERS) introduced the following bill; which was referred to the Com-
mittee on Science

A BILL

To provide for the implementation of a Green Chemistry
Research and Development Program, and for other purposes.
i Be it enacted by the Senate and House of Representa-
twes of the United States of America in Congress assembled,
SECTION 1. SHORT TITLE.
This Act may be cited as the “Green Chemistry Re-

search and Development Act of 2004”.

In this Act—

2

3

4

5

6 SEC. 2. DEFINITIONS,
7

8 (1) the term “green chemistry” means chem-
9

istry and chemical engineering to design chemical
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products and processes that reduce or eliminate the

usc or generation of hazardous substances;

(2) the term “Interagency Working Group”
means the interagency working group established
under section 3(e¢); and

(3) the term “Program” means the Green
Chemistry Research and Development Program de-
scribed in section 3.

SEC. 3. GREEN CHEMISTRY RESEARCH AND DEVELOPMENT
PROGRAM.

(a) IN GENERAL.—The President shall establish a
Green Chemistry Research and Development Program to
promote and coordinate I[federal green chemistry research,
development, demonstration, education, and technology
transfer activities.

(b) PROGRAM ACTIVITIES.—The activities of the Pro-
gram shall be designed to—

(1) provide sustained support for green chem-
1stry research, development, demonstration, edu-
cation, and technology transfer through—

(A) merit-reviewed competitive grants to
individual investigators and teams of investiga-
tors, including, to the extent practicable, young

investigators, for research and development,

+HR 3970 IH
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(B) merit-reviewed competitive grants to
fund collaborative university-industry research
and development partnerships;

(C) green chemistry research, development,
demonstration, and technology transfer con-
ducted at Federal laboratories; and

(D) to the extent practicable, encourage-
ment of consideration of green chemistry in——

{1) the conduet of Federal chemical
science and engineering research and de-
veloprent; and

(i1} the solicitation and evaluation of
all proposals for chemical science and engi-
neering research and development;

(2) examine methods by which the Federal Gov-
ernment can create incentives for consideration and
use of green chemistry processes and products;

(3) facilitate the adoption of green chemistry
innovations:

(4) expand education and training of under-
graduate and graduate students in green chemistry
science and engineering;

{5) colleet and disseminate information on
green chemistry research, development, and tech-

nology transfer, including information on-—

*HR 3970 IH
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4
(A) ineentives and impediments to develop-
ment and commercialization;
(B) accomplishments;
(C) best practices; and
{D) costs and benefits; and
{6) provide venues for outreach and dissemina-
tion of green chemistry advances such as symposia,
forums, conferences, and written materials in col-
laboration with, as appropriate, industry, academia,
scientific and professional societics, and other rel-
evant groups.

(¢} INTERAGENCY WORKING GROUP.—The President
shall establish an Interagency Working Group, which ghall
include representatives from the National Science Founda-
tion, the National Institute of Standards and Technology,
the Department of Energy, the Environmental Protection
Agency, and any other agency that the President may des-
ignate. The Director of the National Science Foundation
and the Assistant Administrator for Research and Devel-
opment of the Environmental Protection Ageney shall
serve as co-chairs of the Interagency Working Group. The
Interagency Working Group shall oversee the planning,
munagement, and coordination of the Program. The Inter-

agency Working Group shall—

«HR 3970 IH
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(1) establish goals and priorities for the Pro-
gram, to the extent practicable in consultation with
green chemistry researchers and potential end-users
of green chemistry produets and processes; and

(2) provide for interagency coordination, inelud-
ing budget coordination, of activities under the Pro-
gram.

{d) REPORT T0 CONGRESS—Not later than 2 years
after the date of enactment of this Act, the Interagency
Working Group shall transmit a report to the Committee
on Seience of the House of Representatives and the Com-
mittee on Commerce, Science, and Transportation of the
Senate. This report shall include—

(1) a sammary of federally funded green chem-
istry research, development, demonstration, edu-
cation, and technology transfer activities, including
the green chemistry budget for each of these activi-
ties; and

(2) an analysis of the progress made toward
achleving the goals and priorities for the Program,
and recommendations for future program activities.

SEC. 4. AUTHORIZATION OF APPROPRIATIONS.
(a) NATIONAL SCIENCE FOUNDATION.—From sums

otherwise authorized to be appropriated, there are author-

«HR 3970 IH
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1zed to be appropriated to the National Science Founda-

tion for carrying out this Act.
(1) $7,000,000 for fiscal year 2005;
(2) $7,500,000 for fiscal year 2006; and
(2) $8,000,000 for fiscal year 2007.

{b) NATIONAL INSTITUTE OF STANDARDS AND
TECHNOLOGY.—From sums otherwise authorized to be
appropriated, there arc authorized to be appropriated to
the National Institute of Standards and Technology for
carrying out this Act—

(1) $5,000,000 for fiscal year 2005; ‘
(2) $5,500,000 for fiscal year 2006; and
(3) $6,000,000 for fiscal year 2007.

(¢c) DEPARTMENT OF ENERGY.—TFrom sums other-
wise anthorized to be appropriated, there are authorized
to be appropriated to the Department of Energy for car-
rying out this Act—

(1) 87,000,000 for fiscal year 2005,
(2) 87,500,000 for fiscal year 2006; and
(3) $8,000,000 for fiseal year 2007.

{(d) ENVIRONMENTAL PROTECTION AGENCY.—I'rom
sums otherwise authorized to be appropriated, there are
authorized to be appropriated to the Environmental Pro-
tection Agency for carrying out this Act—

(1) 87,000,000 for fiscal year 2005;

*HR 3970 IH
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(2) $7,500,000 for fiscal year 2006; and

(3) $8,000,000 for fiscal year 2007.
O
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STATEMENT BY ARDEN BEMENT ON THE NATIONAL INSTITUTE OF STANDARDS AND

TECHNOLOGY’S GREEN CHEMISTRY ACTIVITIES

NIST’s Measurements and Standards Are Key Enablers for

Green Chemistry

NIST provides the measurements and standards that are essential for—develop-
ment of green products and processes; industries to accurately assess their compli-
ance with regulations; government agencies to ensure that environmental regula-
tions are tenable and supportable by science based measurements.

NIST works directly with industry, government agencies and consensus standards
organizations to facilitate the development of scientific measurement methods and
standards that enable manufacturers test new products unequivocally for regulatory
requirements. NIST is involved in advancing new technology development—in areas
of energy such as fuel cells, in methods to minimize chemical waste and computa-
tional tools for assessing chemical efficiency of processes and life-cycle of products.

Examples of Impact of NIST’s Research in Green Chemistry:

Green Solvents Processing: NIST is making key property measurements
and creating a web-accessible database on the properties of “green” solvents.
Properties include measures of chemical stability, solubility, etc. for potential
replacement candidates for environmentally hazardous chlorinated solvents;
edible oils as alternative solvents for agricultural product preprocessing and
stabilization; and studying ionic liquids as a class of solvents with good poten-
tial for “green processing.”

Lead-Free Solder for Semiconductors: The microelectronics industry esti-
mates that the transition to lead-free solders in semiconductors is at least an
order of magnitude more difficult than the elimination of chloroflurocarbons
(CFCs). NIST research on materials and standards allowed for much faster
implementation of processes leading to new lead-free products. Since the U.S.
is transitioning to the relatively expensive but non-toxic lead-free solder, it
is in the U.S’’s interest to promote lead-free solder standards internationally.

Fuel Cells Development: NIST is developing a test protocol for residential
fuel-cell systems, covering issues of efficiency, performance, and compatibility
with the power grid for interconnection. The NIST Center for Neutron Re-
search, the Nation’s premier experimental neutron facility, utilizes neutron
beams to image electrochemical processes inside fuel cells attracting the at-
tention of major hydrogen fuel cell manufacturers.

Green Buildings Design: NIST developed the BEES (Building for Environ-
mental and Economic Sustainability) software, designed to explicitly help the
construction industry select “green” building products that are cost-effective
over their life-cycle. BEES measures environmental/health performance
across all stages in the life of a product.

Alternative Refrigerants: NIST enabled the transition from ozone-depleting
CFCs to alternate refrigerants by providing a database of refrigeration prop-
erties of potential candidates. The database has been applied to problems of
mixed refrigerant gases, and the mixtures of substances found in natural gas.
It can potentially be extended for mixtures more typically found in fuel cell
systems, and in hydrogen pipeline systems, especially converted natural gas
pipelines. An economic assessment of this database (to provide U.S. industry
with materials properties data, which enabled refrigerant and equipment
manufacturers to comply with international agreements to phase out use of
ozone-depleting chloroflurocarbons) indicated a benefit-cost ratio of 97 to 1.*

Standard Reference Materials for Sulphur in Fossil Fuel: NIST pro-
duces a variety of well characterized materials known as Standard Reference
Materials (SRM). The Sulphur SRMs are used to accurately determine the
amount of unwanted Sulphur in fossil fuels. This is an area where large eco-
nomic benefits can be expected from highly accurate measurements. An eco-
nomic analysis of this program (to provide standard reference materials for
measurement methods and validation, quality control, and instrument cali-
bration needed by U.S. fossil fuel industries to reduce sulfur dioxide emis-
sions) indicated a benefit-cost ratio of 113 to 1.*

Regulated Materials Data Exchange Standards: NIST is coordinating the
revision of the Interconnecting and Packaging Electronic Circuits (IPC) Prod-
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uct Data eXchange (PDX) standards to include required materials declaration
information. These standards are used for thousands of transactions monthly,
and the revision under development will carry information such as the per-
cent content of regulated materials, such as lead, mercury, cadmium, and
hexavalent chromium.

*http: | |www.nist.gov [ director | planning [ strategicplanning.htm



113

Additional Testimony in Support of

H.R. 3970, GREEN CHEMISTRY RESEARCH AND
DEVELOPMENT ACT OF 2004

DRr. J. MICHAEL FITZPATRICK
PRESIDENT AND CHIEF OPERATING OFFICER
RoHM AND HaAs COMPANY

Chairman Boehlert, Ranking Member Gordon, and Members of the Committee—
thank you for inviting me to provide comments about the proposed Green Chemistry
Research and Development Act of 2004. This legislation is a tremendous step for-
ward in encouraging and advancing the continued discovery of green and sustain-
able technologies. Although a conflict prevented me from testifying in person at the
hearing on March 17, my company feels strongly about this subject, and I plan to
visit as many Committee Members as I can before the markup period closes to fur-
ther discuss the benefits of this legislation.

I am the President and Chief Operating Officer of Rohm and Haas Company, one
of the world’s largest manufacturers of specialty chemicals. For nearly 100 years,
our company has been in the business of discovering, developing, and manufacturing
innovative materials that find their way into a wide range of major markets. Yet,
most consumers have never heard of us because nearly everything we invent is used
by other industries to make their products better, faster, stronger, and in many
cases, more environmentally friendly. With perhaps the exception of Plexiglas(,
which Rohm and Haas invented in the 1930s, and the Morton Salt brand, which
we acquired in 1999, our products have gone largely unnoticed by the general pub-
hic. Still, Rohm and Haas technology touches our lives in one way or another every

ay.

We are the world’s largest manufacturer of acrylic monomer, and we pioneered
the use of waterborne acrylic polymers in all kinds of coatings, from house and road-
marking paints to water-based varnishes and paper coatings. We're a leader in de-
veloping environmentally friendly powder coatings that can replace alternatives
based on solvent technology, and we offer a line of advanced, water-based auto-
motive coatings designed especially for interior and exterior plastic parts in auto-
mobiles—a technology that gives car designers the ability to use more high perform-
ance plastics in their designs, thus lowering vehicle weight and increasing fuel effi-
ciency. Recently, we introduced a new line of waterborne acrylic emulsion polymers
that can replace formaldehyde in household insulation.

Our process chemicals can be found in a wide range of applications, from unique
ion exchange resins that purify everything from water to new classes of pharma-
ceuticals, to biocides that control the growth of harmful bacteria in personal care
products.

Our research and development in electronic materials is world class, with a broad
set of products used by top semiconductor manufacturers worldwide. Our photoresist
chemicals are used to replicate minute circuitry patterns on silicon wafers, and our
planarization technology polishes these wafers to a mirror finish, a critical step in
smaller and more powerful semiconductors. Our “embedded” circuit board tech-
nology places resistors and capacitors within a circuit board instead of on top of it,
enabling smaller and smaller cell phones, PDAs, and other portable electronic de-
vices.

Many of Rohm and Haas’s water-based adhesives continue to find use in hundreds
of applications, from caulks and sealants, to construction adhesives and laminates.
Our new cold seal technology is used in food packaging, where traditional heat seal-
ing would be undesirable.

Our company employs more than 17,000 people and recorded over $6.4 billion in
sales last year. We operate more than 100 research and manufacturing facilities in
25 countries. Our headquarters is located on historic Independence Mall in Philadel-
phia, Pennsylvania, just a few blocks away from our original offices established in
1909 by founders Otto Rohm and Otto Haas. And while we have changed, adapted,
and of course grown since those early years, we retain a strong and unambiguous
thread to the values that our founders imparted on the organization: concern for our
employees, the neighbors where we operate, and our customers. We strive to ensure
Rohm and Haas operations and products meet the needs of the present global com-
munity without compromising the needs of future generations. At Rohm and Haas,
we work hard to integrate economic growth, environmental protection, and social re-
sponsibility as important considerations in our business decisions.
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I joined Rohm and Haas in 1975 as a senior scientist following my two years as
a National Institutes of Health postdoctoral fellow at Harvard University. My first
five years were spent in the laboratory, developing new agricultural products at our
company’s main research campus in Spring House, Pennsylvania, about 20 miles
outside of Philadelphia. Although my career took a turn toward marketing and busi-
ness following that initial assignment, I have always had a passion for the cre-
ativity, the excitement and the spirit of innovation. To take an idea, research it, and
develop it into a product from basic chemical building blocks—a product with unique
and sometimes amazing properties—and to see that product improve life, or en-
hance the broader society in some way, is the joy of every industrial chemist.

I returned to my technology roots in 1993 as Director of Research for Rohm and
Haas. Although I never made it back into the lab, I nonetheless retain a strong rela-
tionship to the technology and research side of our industry. I understand the daily
challenges facing researchers: the demands for greater research efficiency, the re-
quirements that an innovation meet multiple safety, efficacy, risk, and environ-
mental expectations, and that it’s marketable at a fair price with sustainable re-
turns.

It is because of my unique career history and my passion for this subject that I
feel especially honored to comment on the benefits of the Green Chemistry Research
and Development Act of 2004. In fact, I have been an active and vocal advocate for
green and sustainable chemistry for nearly 20 years. I am a board member of the
Green Chemistry Institute, and have authored and presented numerous papers and
presentations on green and sustainable chemistry in a variety of publications and
venues around the world. I am proud to work for a company that has been recog-
nized for its research and development of environmentally friendly, game changing
ic{echnologies, some of which have completely altered the landscape in certain mar-

ets.

Since the early 1990s, Rohm and Haas has been recognized for its “green” tech-
nology by the World Environment Center, the U.S. Environmental Protection Agen-
cy (EPA), and the U.S. Department of Energy (DOE), to name a few. We were the
first company to be honored with two Presidential Green Chemistry Challenge
Awards, the first for a novel pesticide that mimics a hormone in a particularly de-
structive caterpillar, causing it to stop feeding, and eventually starving to death.
Best of all, the pesticide has no ill effects on other beneficial insects. We were recog-
nized again for our family of Sea-Ninel antifouling biocides, which replaced other
products containing tri-butyl tin. Sea-Nine[l safely keeps barnacles and other sea
creatures from attaching themselves to ship hulls. A smooth hull means less drag,
which translates into huge fuel savings over thousands of nautical miles.

Rohm and Haas was practicing green chemistry before anyone thought to label
such an endeavor when, in the 1950s, we were the first company to introduce water-
based acrylic polymers used as binders in house paint. Alkyds and other solvent-
based paints—with their high VOC emissions and difficulty to apply and clean-up—
were the predominant paint technology at the time. Despite a slow beginning and
initial resistance, our researchers remained committed to bringing not only an envi-
ronmentally friendly alternative to the paint industry, but an alternative that actu-
ally performed significantly better than the solvent and oil-based technologies. Our
perseverance paid off and helped spark the birth of modern acrylic latex paints.
Today, 85 percent of paints, stains, and primers purchased by home owners (the Do-
It-Yourself market) use waterborne technology.

Although this technology recently celebrated its 50th anniversary, we continue to
build and improve upon our acrylic platform. We expect to soon begin work on new
low VOC coatings using sustainable chemistries, exciting research I'll describe in
more detail shortly.

During the past 15 years, Rohm and Haas Company has joined, has been a signa-
tory to, or has reaffirmed its support of numerous voluntary programs, including:
EPA’s 33/50 emissions reduction program, the International Chamber of Commerce
charter on Sustainable Development, the Pew Center on Global Climate Change
Business Environmental Leadership Council, the Executive Council of the World
Business Council for Sustainable Development, the U.S. Department of Energy’s In-
dustries of the Future Allied Partner program, and the U.S. Council on Sustainable
Development. We have held various symposiums for our employees, including a two-
day “Innovating for Sustainability” conference for company researchers. This event
presented some of the latest green innovations from a broad spectrum of experts,
including Wolfgang Holderich and Malcolm Willis, widely recognized as the authors
of green chemistry.

Our company’s commitment to green and sustainable chemistry begins with its
leadership. In 2002, our Board of Directors renamed the Corporate Responsibility
and Environment, Health, and Safety Committee to the Committee on Sustainable
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Development, and adopted a new charter for its work. This move has helped us fur-
ther integrate the principles of green chemistry throughout our company.

Collaboration is Key

During the last several years, environmental, social, and economic forces have
transformed green and sustainable chemistry from merely a secondary consideration
into a core objective of nearly every responsible company in nearly every industry.
Today, before a new chemical compound is synthesized or a new product is designed,
chemists and engineers step back to look holistically at the short- and long-range
impact of their innovations. They question the type of raw materials used. They as-
sess whether safer alternatives are available. They investigate novel manufacturing
methods, and look for ways to reduce or eliminate dangerous byproducts. They con-
sider inherent risks of the new product—risks to workers, communities, and end
users—and how they can be mitigated or completely avoided.

Although you will find these activities underway daily in Rohm and Haas labs
and production plants around the world—and in the labs and plants of other respon-
sible companies—it is by no means easy. Significant resources are required to de-
velop, analyze, and test alternative raw materials or brand new chemistries. This
can lead to the study of thousands of different compounds and formulations. When
a promising material is identified, a fresh round of analysis begins to ensure it
meets strict environmental, risk, economic, and performance expectations. To do this
successfully, I believe industrial research initiatives must turn to broad collabora-
tion with multiple external partners.

Innovations that incorporate green chemistry will emerge and develop far more
quickly when industry works together with government, academia, and even non-
governmental organizations (NGOs, such as environmental or consumer groups) to
address common goals. In recent years, we have seen many tremendous examples
of two or more of these groups joining forces to develop commercially successful
green step-out innovations. The collaboration has paid off handsomely for my indus-
try, for the industries we serve, and certainly for society as a whole. Let me offer
a few examples.

The automotive industry may be one of the most visible stories today that illus-
trates my point. Within the last three to five years, we have witnessed dramatic
changes in new sources of fuels and alternative propulsion methods—many still
under development, but some commercialized and in use today. As governments
around the world raise fuel economy standards in an attempt to curb greenhouse
gasses, some of the largest automobile companies are rolling out cars that can
achieve two or three times the fuel efficiency versus cars operating with traditional
internal combustion engines. Today, so-called hybrid vehicles appear to be catching
on with automakers and consumers alike. While these ultra efficient automobiles
have gained momentum—to a certain degree from pressure from NGOs and govern-
ments—industry has clearly benefited from multiple government funding sources
that have encouraged step-out scientific research on cleaner burning, more efficient
modes of transportation.

Today, Toyota and Honda are selling tens of thousands of these hybrids, which
use a large battery recharged by a smaller-than-normal gas engine and by collecting
energy when the brakes are applied. The electric motor assists the vehicle during
heavy acceleration or at very slow speeds, depending on the technology. By mid-dec-
ade, Japanese automakers plan to sell hundreds of thousands of hybrid cars. Amer-
ican car manufacturers are a step or two behind their Japanese counterparts, but
are also working on this technology.

Many believe this represents the beginning of large scale changes in the auto-
motive industry, the first significant change since a gasoline-powered Oldsmobile
gained popularity in 1903, making steam-powered vehicles obsolete. And for the
chemical industry, this change represents both opportunities and challenges. Funda-
mental shifts in automotive technologies spell changes for our product offerings.
New advanced control and electronic systems, lighter and stronger materials, and
new paint and coating technologies that adhere to and protect composite parts, are
just a few of the opportunities where advanced green chemistry can play a role. At
Rohm and Haas, in collaboration with our JV partner, Nippon Paint, we continue
to develop advanced, environmentally friendly waterborne coatings that protect
plastic auto parts. These coatings are critically important as plastic parts become
thinner and lighter.

We are aggressively working on a new generation of automotive coatings that use
our dry powder technology, virtually eliminating all volatile organic compounds.
This illustrates how opportunities can be uncovered at the interface of seemingly
unrelated entities: in this example, we have ever increasing laws calling for more
efficient automobiles, we have manufacturers meeting their efficiency goals by using



116

lighter, stronger plastic in cars, and we have our water-based coating technology
that eliminates harmful solvents and provides superior protection to plastic parts.

Another challenge for the automotive industry is to ensure that chemistries meet
recyclability guidelines, since many regulations today, particularly throughout Eu-
rope, require automobile components to be recycled or reusable. In a wonderful ex-
ample of collaboration, The Dow Chemical Company and Mitsui Chemicals met this
challenge head-on when they agreed to jointly develop a new block copolymer fea-
turing properties of two resins that will make stronger car bumpers. Not only will
these high-strength bumpers require less resin to manufacture, but if this new prod-
uct takes the place of traditional metal parts, it will help reduce a car’s overall
weight, which of course translates into better fuel economy. Best yet, this new resin
can be recycled as an adhesive to hold other plastic parts together.

As I am sure Members of this committee are well aware, hybrid vehicles are just
the first step in a giant leap toward even more impressive green and sustainable
technology. Fuel cells that use hydrogen and oxygen to create electric power have
received widespread attention in the media, and for good reason. Generating only
heat and water as its byproduct, this technology is seen by governments around
world (including our own), by NGOs, and by many others as a potential number-
one breakthrough in transportation power. Companies, universities, and private lab-
oratories are working on fuel cell technology, and through grants and incentive pro-
grams, governments are collaborating with industry to see this technology come to
fruition. I understand that General Motors has 600 researchers working on fuel cell
technology in the U.S. and Germany, and has worked with Germany’s top safety in-
stitute, TUV, to ensure their system meets strict European standards. This is an-
other example where industry and government or quasi-government agencies, work-
ing together, are bringing sustainable technology from the lab bench to the con-
sumer.

Closer to the chemical industry, one doesn’t have to look very far to find examples
of where we can work closely with the government on green and sustainable tech-
nologies. The DOE launched a program to help fund companies conducting biomass
research and development for the production of sustainable products. At Rohm and
Haas, we were pleased when the DOE enacted its Allied Partner program, which
offers not only funding opportunities for new technologies, but also access to DOE
research and data.

Success stories are not limited to collaboration between government and industry.
There are tremendous examples of industry, government, and academic groups pool-
ing their collective know-how to deliver stellar technology with a promising future.
A consortium of Deere & Company, Diversa, duPont, Michigan State University,
and the National Renewable Energy Laboratory received nearly $20 million from
the DOE to develop a “bio refinery” that produces ethanol and other chemicals de-
rived from corn.

There are many more example of broad collaboration outside the United States.
Italy’s National inter-university consortium of chemistry for the environment in
Venice launched an annual recognition program for contributions to clean chemical
processes. In Melbourne, the Royal Australian Chemical Institute has held its Green
Chemistry Challenge Award since 1999. And in the United Kingdom, the Royal So-
ciety of Chemistry in London launched the Green Chemistry Network.
Headquartered at the University of York, the 600-member network helps chemical
companies and scientists share best practices, promotes the sharing of green tech-
nologies, and offers data supporting the cost benefits of green science.

In another notable example of green chemistry collaboration in England, chem-
istry professors looking for the right connections with industry can turn to the Crys-
tal Faraday Partnership, a virtual green chemistry center. Jointly developed by the
Royal Society of Chemistry, the Chemical Industries Association in London, and the
Institution of Chemical Engineers, this group is a collaborative conduit, linking the
creative spirit and technical expertise of pure researchers with the financial support
and manufacturing resources of a corporation. In one example I often cite, the Not-
tingham University chemistry department developed a series of unique supercritical
fluid reactions, and through the Crystal Faraday Partnership, collaborated with fine
chemicals firm Thomas Swan to use these reactions in a variety of processes. The
new technology replaces conventional solvents with inert supercritical fluids in key
processes, leading to reduced or eliminated wastes and undesirable byproducts.

Would Thomas Swan use this new technology today if the collaborative commu-
nity established by the Royal Society of Chemistry did not exist? Perhaps. But there
is no denying that the Crystal Faraday Partnership and similar organizations that
support and encourage cooperation—often across disparate groups—is a crucial tool
and proven commodity that helps speed the pace of green innovation at companies
around the world.
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Before moving on, let me touch on another group—the non governmental organi-
zations, or NGOs—that has collaborated with industry to develop green chemistry.

Admittedly, the image of these two very different entities holding hands and
working toward a common goal is not one to which we’re accustomed. Suffice it so
say that industry and many environmental and consumer groups have not in the
past seen eye to eye. Nevertheless, that is beginning to change—slowly, cautiously—
but progress can be seen if you look hard enough.

Nineteen eighty-seven was the year some say we first saw a glimpse of coopera-
tion between industry and environmental groups, at least as it relates to sustain-
ability. That’s the year the United Nations published its report, “Our Common Fu-
ture,” in which the most frequently quoted definition of sustainable development is
still cited today. It reads:

“Development that meets the needs of the present without compromising the
ability of future generations to meet their own needs.”

This statement marked the recognition by environmental groups that economic
growth and development were necessary to meet the needs of the world’s expanding
population. It also signaled the philosophical acceptance by industry that growth
must be accomplished in a way that meets the needs of today’s society AND pre-
serves natural resources and the environment for future generations.

Examples of close working relationships between companies and environmental
groups are hard to come by, to be certain. But when these groups join forces, the
results can be impressive. For example, in the late 1990s, the World Wildlife Fund
and Unilever joined forces to start the Marine Stewardship Council. Now an inde-
pendent non-profit organization, this council offered one of the first “eco-labels” to
identify fish certified to come from an environmentally sustainable catch. This was
a perfect match for Unilever, considering that its Bestfoods division manufactures
fish sticks and other frozen seafood products.

There are literally hundreds of opportunities for chemical companies to accelerate
our pace toward Green and Sustainable Chemistry through powerful collaboration
and partnerships. Is it easy? No. . .it takes work, extra effort, and relationship
building. And let’s be honest—companies that develop new and successful tech-
nologies may be inclined to use it as competitive advantage rather than share it
with competitors. That’s a risk/benefit balance that responsible companies must
weigh at some point. One thing is certain, however: The speed in which today’s mar-
ket demands new chemistries, better processes, and greener products is accel-
erating. Bringing green chemistry out of the labs and into the marketplace faster
will require the kind of collaboration I have just described. And it will require fund-
ing and support.

“The Green Chemistry Research and Development Act of 2004” Will Help
Accelerate Pace of Green and Sustainable Innovation

Many of the examples I described included one form or another of government or
quasi-government agency support, either through funding, access to National Labs’
data, or assistance in knowledge transfer. The role of collaborative support in green
and sustainable chemistry research cannot be understated.

As I am sure Committee Members are well aware, the $460 billion chemical in-
dustry, a key element to our nation’s economy that accounts for 10 cents out of
every dollar in U.S. exports, is coping with an unprecedented energy crisis. Volatile,
runaway natural gas prices have steadily eroded our ability to compete in an indus-
try that continues to see an influx of very competent, competitive chemical manufac-
tures from Europe, Asia, and the Middle East. Current natural gas prices have
turned U.S. chemical manufactures into the world’s high cost producer. This in turn
has had a profound impact on our profitability, and subsequently, our capacity to
raise (or even maintain) expensive R&D budgets.

Although chemical companies invest more in research and development than any
other business sector, there are disturbing signs that this trend is slipping. In a re-
cent survey conducted by Chemical and Engineering News, a respected industry
publication, only seven out of 17 companies surveyed expected to increase their
R&D spending in 2004. Six plan no increases, while four plan cutbacks in their
R&D budget. According to the survey, 2004 R&D as a percent of sales—a widely
used barometer to indicate a company’s relative commitment to research, will fall
to an estimated decade low of 3.2 percent. This is considerably below the decade
high of five percent in 1994 and two tenths of a percent less compared to last year’s
average.

The upshot? External funding for green chemistry—no matter the size and the
source—cannot come at a better time for an industry that is grappling with histori-
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cally high energy and raw material prices, squeezed margins, and fierce competition
from companies outside of our boarders.

At Rohm and Haas, we recognized the need to bolster our collaborative skills and
external funding capabilities about two years ago. We conducted a day-long work-
shop with our top research leaders to teach them about the skill, and the art, of
finding external collaborative partners. Emerging from that seminar was the cre-
ation of our Technology Partnerships group, which assists our scientists with match-
ing their projects with potential external funding opportunities. This effort has
yielded promising results.

One example is the work I mentioned earlier about new low VOC coatings using
sustainable chemistries. Last year, Rohm and Haas submitted a proposal for a DOE
cooperative grant to research and develop new polymer technologies that can re-
move as much as 30 percent of raw materials from the polymer particles in an acryl-
ic emulsion, a key ingredient in paint. Working together with Archer Daniels Mid-
land (ADM), the University of Minnesota, and the DOE, Rohm and Haas plans to
match its novel binders with new, renewable plant-based coalescing agents from
ADM to deliver breakthrough coatings that offer outstanding performance, environ-
mental friendliness, and cost efficiency. When fully deployed, this new technology
is expected to save up to 86 trillion BTUs per year. We hope to hear good news
about our proposal soon from the DOE!

This is precisely the type of collaboration that can accelerate critical green chem-
istry research, and illustrates why the Green Chemistry Research and Development
Act of 2004 is such an important bill. In addition to funding support, which more
and more chemical companies, including my own, are seeking to supplement tight-
ening R&D budgets, this Act encourages technology transfer between key stake-
holders. Collaboration between industry, government, academia, and even NGOs, is
a promising trend in research that has proven its worth, and is poised to increase
in the coming years. This bill will encourage and accelerate that movement.

While the bill’s research funding component may be, understandably, the most
visible and sought after benefit, other activities included in the proposed legislation
are equally important. The Federal Government’s encouragement of green chemistry
research—using incentives and other levers—and its power to promote the adoption
and commercial application of green chemistry innovations, can exert great influ-
ence on the direction of these endeavors. This is especially important, since recent
history has shown us that consumers are not going to pay more simply because a
product is labeled “green,” or was developed using green chemistry processes.

Although “green” by itself typically is not a compelling selling point, more con-
sumers today are taking a second look when green products demonstrate real (or
sometimes perceived) value. Chances of successfully marketing these products in-
crease dramatically when we can demonstrate increased performance, long-term en-
ergy savings, or other tangible benefits for the consumer.

For example, U.S. commercial and residential housing are responsible for more
than 36 percent of our country’s energy consumption, and yet, the success of green
marketing in that industry has varied widely. On the commercial side, marketing
super efficient office buildings has been met with limited success beyond baseline
standards set by the EPA’s Energy Star program. The return on premium costs as-
sociated with high efficiency commercial construction cannot be realized unless
property developers and owners hold their buildings long enough to reap utility sav-
ings. And since turnover in commercial property ownership is commonplace, green
marketing in this segment is not particularly successful.

On the other hand, the story is much more positive in residential housing, where
encouragement from NGOs and the prospects of lower energy bills (the “real value”
I mentioned earlier) have resurrected interest in “green” homes. Spurred by con-
sumers’ interest in smaller monthly utility bills, U.S. builders are marketing envi-
ronmental friendly features that were unheard of in homes five or 10 years ago. Po-
rous driveways that allow rainwater to settle back into the ground and tankless hot
water heaters, common throughout many parts of Europe and Japan but fairly new
in the U.S., can save up to 50 percent in energy bills. Energy efficient “low E” dou-
ble pane windows, heating systems approaching 90 percent or better efficiency, and
appliances that use 50 percent less energy versus those in the 1970s are now widely
available. Hard wood flooring continues to loose market share to carpeting and lami-
nates from recycled materials, a shift that has reduced our reliance on diminishing
lumber supplies.

Although some of these examples are not related to green chemistry per se, they
do illustrate that green products can attract consumers’ attention as long as the
products offer value with a clear payoff. Encouragement from this proposed legisla-
tion to adopt and use products that are developed from green chemistry is a positive
step in marketing the virtues of green technology.
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The bill’s provision to “promote the education and training of undergraduate and
graduate students in green chemistry science and engineering,” is another welcome
component. As chemical companies ramp-up their green and sustainable chemistry
research, the need for new technical talent who can hit the ground running with
the right chemistry skills and proper mindset attuned to green technology is a win-
ning combination. There are many companies, including my own, who have estab-
lished special labs that focus on next generation sustainable technologies. At Rohm
and Haas, our Green Chemistry Laboratory uses the 12 Principles of Green Chem-
istry as a framework to focus on green opportunities without taking our eyes off of
market realities. As these types of labs increase in number and size, chemists and
engineering graduates with unique green chemistry skills will be in high demand.

Finally, I do not want to short change provisions of the bill that call for the collec-
tion and dissemination of information on green chemistry research, and the develop-
ment of outreach venues that support knowledge transfer. It is difficult to quantify,
but I can tell you from first hand experience that the tools supporting best practice
sharing—conferences, symposiums, electronic forums and databases, written mate-
rials—are critically important to the advancement of green and sustainable chem-
istry. Bringing great minds together, no matter the method, is a force multiplier for
diverse thought and new solutions to old problems.

On behalf of Rohm and Haas Company, I strongly support the Green Chemistry
Research and Development Act of 2004. This legislation provides funding that is cru-
cial, more so today than in recent times, to accelerate green research and develop-
ment endeavors. Provisions that develop future chemistry and engineering talent,
and foster collaboration and the transfer of best practices, are important catalysts
that will advance new technologies based on sound, responsible science and the
principles of green and sustainable chemistry.
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STATEMENT IN SUPPORT OF H.R. 3970 BY DR. J. MICHAEL FITZPATRICK, PRESIDENT
AND CHIEF OPERATING OFFICER, ROHM AND HAAS COMPANY

On behalf of the Rohm and Haas Company, I want to offer our support for the
proposed Green Chemistry Research and Development Act of 2004.

Within the last decade, environmental, social, and economic forces have trans-
formed green and sustainable chemistry from merely a secondary consideration into
a core objective of nearly every responsible company in nearly every industry.
Today, before a new chemical compound is synthesized or a new product is designed,
chemists and engineers step back to look holistically at the short- and long-range
impact of their innovations. They question the type of raw materials used, and
whether safer alternatives are available. They investigate novel manufacturing
methods, and look for ways to reduce or eliminate dangerous byproducts. They con-
sider inherent risks of the new product—risks to workers, communities, and end
users—and how they can be minimized or completely avoided.

Although you will find these activities underway daily in Rohm and Haas labs
and production plants around the world—and in the labs and plants of other respon-
sible companies—it is by no means easy. Significant resources are required to de-
velop and test alternatives or brand new chemistries, and to ensure they meet strict
environmental, risk, economic, and performance expectations. To do this success-
fully, we believe broad collaboration is not only prudent, but necessary.

Innovations that incorporate green chemistry will emerge and develop far more
quickly when government, industry, academia, and even non-governmental organi-
zations (environmental or consumer groups) work together to address common goals.
In the last few years, we have seen many tremendous examples of two or more of
these groups joining forces to develop commercially successful “green” step-out inno-
vations. But much more can be done.

With U.S. chemical companies facing record breaking energy and raw material
prices, one cannot understate the importance of differentiated technology based on
the principles of green chemistry. Rohm and Haas Company believes the proposed
Green Chemistry Research and Development Act of 2004, and its associated funding,
will provide strong support and encouragement for additional collaboration, knowl-
edige transfer, and crucial research on a new class of green and sustainable tech-
nologies.

About Rohm and Haas Company

About Rohm and Haas: Rohm and Haas is a worldwide producer of specialty
chemicals with more than 100 plants and research facilities in 26 countries. Rohm
and Haas technology is found in paint and coatings, adhesives and sealants, con-
struction materials, personal computers and electronic components, household clean-
ing products and thousands of everyday products. Additional information about
Rohm and Haas can be found at www.rohmhaas.com.
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@ Jack Hutiner
Vice Presidert
Communications snd Public Affairs
e o - 200 Meridian Canter Bivd.
Rochester, New York 14618
§85.256.6272
585.256.6652 fax
Jhuttnergpgenencor.com
March 25, 2004
Hon. Sherwood Boehlert
House of Representatives
Washington, DC 20510
Dear Mr. Boehlert,

T am writing to support the Green Chemistry Research and Development Act of 2004,

As you probably are aware, Genencor and DuPont were the recipients of the President’s Green
Chemistry Award last year for our collaboration on a bioderived polymer called Sorona™, That
ptoductstmswithcomstamhnsamwmamﬁalmproduaeapolymerthnbuspedﬂpmperﬁesdm
make it a very desirable product for making new fibers for carpets, performance fabrics and molded
plastics. The product cannot be economically made from fossil fuel,

But more importantly, the product is one of the first potential high-value products that can be produced
in a “biorefinery” that uses renewable raw materials for the production of chemicals, fuels and materials.
The biobased economy that will emerge as biorefineries take their place alongside oil refineries should
improve the environmental profile of many industrial sectors,

Furthermore, the application of biocatalysts and bioprocesses in industrial processes generally reduces
the environmental footprint of any given process. This improved performance hes been amply reported
by the OECD in their study: “Ths Application of Biotechnology to Industrial Sustainability” and by the
Nationa! Research Council’s report: “Biobased Industrial Products”. The OECD report highlights 21
case studies of the environmental gains from using enzymes to replace other traditional catalytic steps in
a variety of settings.

The Green Chemistry Research and Development Act of 2004 should accelerate the adoption of green
hemistry in the marketpl Thank you for your support of this important initiative.

Sincerely,

cc:  Hon, David Garmen, Assistant Secretary for EERE, DOE
Douglas Kaempf, Biomass Program Manager, DOE
Brent Erickson, vice president, BIO
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STATEMENT BY THE AMERICAN CHEMISTRY COUNCIL

AMERICAN CHEMISTRY COUNCIL SUPPORTS COORDI-
NATED FEDERAL GREEN CHEMISTRY R&D PROGRAM

The American Chemistry Council (ACC) supports the establishment of an inter-
agency research and development program to coordinate federal green chemistry
R&D, such as efforts outlined in the Green Chemistry Research and Development Act
of 2004. A coordinated approach would increase efficiency and help identify appro-
priate goals for a federal green chemistry R&D program.

Green chemistry looks at the life cycle of chemical products—benefits, sustain-
ability, potential risks and other attributes—to help develop products that bring
value to society while reducing environmental impact.

Chemical makers fully recognize the benefits of R&D. In fact, the business of
chemistry spends more on R&D than any other private sector. Chemical makers
share a common interest with the Federal Government in conducting research that
leads to the development of alternatives or new chemistries, while meeting strict en-
vironmental, risk, economic and performance expectations.

While R&D often is an inviting target for budget reductions in the private and
public sectors, the Federal Government should focus on making R&D programs
more productive. Despite the difficult economic conditions in the industry and ef-
forts by many companies to reduce spending, chemical makers have become more
efficient users of R&D dollars by reducing bureaucracy, thereby retaining research-
ers at the bench who generate the new concepts and ideas that ultimately enrich
the future for all Americans and the world.

http: | |www.accnewsmedia.com

The American Chemistry Council (ACC) represents the leading companies en-
gaged in the business of chemistry. ACC members apply the science of chemistry
to make innovative products and services that make people’s lives better, healthier
and safer. ACC is committed to improved environmental, health and safety perform-
ance through Responsible Care, common sense advocacy designed to address major
public policy issues, and health and environmental research and product testing.
The business of chemistry is a $460 billion enterprise and a key element of the Na-
tion’s economy. It is the Nation’s largest exporter, accounting for ten cents out of
every dollar in U.S. exports. Chemistry companies invest more in research and de-
velopment than any other business sector. Safety and security have always been pri-
mary concerns of ACC members, and they have intensified their efforts, working
closely with government agencies to improve security and to defend against any
threat to the Nation’s critical infrastructure.
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