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1. Technical: The development and deployment of metrics, tools, education,
knowledge sharing and communication to support the continuous
development and implementation of GC&E-based innovations.

2. Policy: The use of regulatory authorities in a variety of ways, including
(but not limited) to help remove market distortions that protect or favor more
hazardous alternatives, to provide incentives for GC&E-based alternatives,
and to engage in voluntary agreements and collaborations.

3. Financial: The leveraging of funds by the governments of both Parties to
support green chemistry and engineering research, development, and
implementation.

I. Purpose of Annex

The purpose of this Annex is to outline detailed strategies, policies, plans, and
commitments for the adoption of Green Chemistry and Green Engineering in the
Great Lakes Water Quality Agreement.

2. Definitions. As used in this Annex:

(a) "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 procedures.” The application of the principles of Green
Chemistry is dynamic to ensure progress is achieved towards eventual elimination of
toxic chemicals.

(b) "Green Engineering" is "the development and commercialization of industrial
processes that are economically feasible and reduce the risk to human health and the
environment."*

(c) "Hazard" is the inherent property of an agent or situation having the potential to
cause adverse effects when an organism, system or (sub) population is exposed to that
agent.”

(d) "Continuous improvement" is defined as Successful implementation through

continuous improvement and planning. Alternatives decisions are not final. They are
steps along the path to sustainability.°

2 .

Ibid, p. 4.
3 Anastas, Paul T., Warner, John C. Green Chemistry:Theory and Practice, Oxford University Press, New York,
1998, p. 8-9.
* Anastas, P.T., and Zimmerman, J.B., "Design through the Twelve Principles of Green Engineering", Env. Sci.
Tech. 2003, 37(5), 94A-101A.
> Organisation for Economic Co-operation and Development (OECD), 2003, Descriptions of selected key generic
terms used in chemical hazard/risk assessment (Paris: OECD).
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Comment: This concept is not formally recognized in the current GLWQA. However, if
Green Chemistry is to make significant progress towards the objectives of pollution
prevention and zero discharge, the aspect requiring continual improvement is a critical
element of the approach. The absence of such an element will not effectively achieve the
elimination or pollution prevention of toxic chemicals.

(e) "Substitution" is defined as “the replacement or reduction of hazardous
substances in products and processes by less hazardous or non-hazardous substances, or
by achieving an equivalent functionality via technological or organizational measures.”’

® "Life Cycle Perspective" is defined as "broad consideration (qualitative or
quantitative) of environmental, social and/or economic issues across the life cycle of a
chemical, material, or produc:‘[."8

(2) "Prevention” is defined as "any change to a chemical, material, or product that
reduces, avoids, or eliminates the use of hazardous substances or generation of hazardous
byproducts across its life cycle, so as to reduce risks to the health of workers, consumers,
or the environment, without shifting risks between workers, consumers, or parts of the
environment.”

2. The Principles of Green Chemistry and Green Engineering
(a) The Twelve Principles of Green Chemistry are:

(1) It is better to prevent waste than to treat or clean up waste after it is
formed.
(2) Synthetic methods should be designed to maximize the incorporation of all
materials used in the process into the final product.
(3) Wherever practicable, synthetic methodologies should be designed to use
and generate substances that possess little or no toxicity to human health and the
environment.
(4) Chemical products should be designed to preserve efficacy of function while
reducing toxicity.
(5) The use of auxiliary substances (e.g. solvents, separation agents, etc.) should
be made unnecessary wherever possible and innocuous when used.

¢ Rossi, Mark, Tickner, Joel, Geiser, Ken, Alternatives Assessment Framework of the Lowell Center for Sustainable
Production, Lowell Center for Sustainable Production, Version 1.0, July, 2006, p.9.

. Lohse, et al., 2003, Substitution of hazardous chemicals in products and processes, compiled by Okopol GmbH
and Kooperationsstelle Hamburg for the European Union Directorate General

Environment, Nuclear Safety and Civil Protection of the Commission of the European Communities (Hamburg:
Okopol GmbH).

¥ Rossi, et al, p. 8.

? Rossi, et al., "Adapted from the definition of “toxics use reduction” as defined by the Massachusetts Toxics Use
Reduction Act of 1987.", pp. 8, 21.
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(6) Energy requirements should e recognized for their environmental and
economic impacts and should be minimized. Synthetic methods should be
conducted at ambient temperature and pressure.

(7) A raw material of feedstock should be renewable rather than depleting
wherever technically and economically feasible.

(8) Unnecessary derivatization (blocking group,
protection/deprotection,temporary modification of physical/chemical

processes) should be avoided whenever possible.

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

(10) 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.

(11) 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) 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.'’

(b) The Twelve Principles of Green Engineering
(1) Designers need to strive to ensure that all material and energy inputs
and outputs are as inherently nonhazardous as possible.
(2) Ttis better to prevent waste than to treat or clean up waste after it is
formed.
(3) Separation and purification operations should be designed to minimize
energy consumption and materials use.
(4) Products, processes, and systems should be designed to maximize
mass, energy, space, and time efficiency.
(5) Products, processes, and systems should be "output pulled" rather than
"input pushed" through the use of energy and materials.
(6) Embedded entropy and complexity must be viewed as an investment
when making design choices on recycle, reuse, or beneficial disposition.
(7) Targeted durability, not immortality, should be a design goal.
(8) Design for unnecessary capacity or capability (e.g., "one size fits
all") solutions should be considered a design flaw.
(9) Material diversity in multicomponent products should be minimized
to promote disassembly and value retention.
(10) Design of products, processes, and systems must include integration
and interconnectivity with available energy and materials flows.

10 Anastas, Paul T., Warner, John C. Green Chemistry: Theory and Practice, Oxford University Press, New York,
1998.



Great Lakes Water Quality Agreement

Green Chemistry and Green Engineering Annex
Great Lakes Green Chemistry Network

page 5 of 8

(11) Products, processes, and systems should be designed for performance
in a commercial "afterlife".

(12) Material and energy inputs should be renewable rather than
depleting. "'

3. Programs and Policies

The Parties in cooperation with Municipal, State, Federal and Provincial Governments shall
develop and adopt the following programs and measures to facilitate the application of Green
Chemistry methodologies and principles to achieve zero discharge and the virtual elimination of
inputs of toxic and hazardous substances into the Great Lakes System.

(a) Both Parties will establish parallel management-based regulations requiring all
Great Lakes commercial and municipal enterprises at regular intervals to identify,
evaluate, and report on viable, safer substitutions and/or alternative technologies and
approaches in their use of hazardous and toxic substances. Management-based regulation
will be used to incorporate pollution prevention into the decision-making processes of
businesses.

(b) Both Parties will adopt a lifecycle perspective in the assessment of new
chemicals, the re-evaluation of existing chemicals, and the remediation of legacy
contamination, including all processes and products associated with the use of these
substances. All chemicals in use or proposed for use in the Great Lakes Basin will be
required to submit lifecycle analyses (LCA) of their impacts on the environment and
human health, and will additionally include, but not be limited to, the extraction of raw
materials, production processes, degradation products, waste creation and disposal, and
recycling potential.

(©) Both Parties will establish regulatory mechanisms for the phase-out of
hazardous processes and hazardous chemicals where viable, safer substitute
technologies and approaches exist.

(d) The Parties will develop binational data repositories which will maintain up-to-
date iterations and facilitate access to existing and future tools such as the Green
Screenlz, i—SustainB, Pharosm, and others by which users can assess and report their
status in moving toward substitution, alternatives, and phase-outs.

' Anastas, Paul T., and Julie B. Zimmerman. "Design Through the 12 Principles of Green Engineering."
Environmental Science & Technology 37, no. 5 (2003): 94A-101A.

12 http://www.cleanproduction.org/Greenscreen.php

1 http://www.i-sustain.com/

' http://www.pharosproject.net/
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(e) The Center for Green Chemistry and Green Engineering at Yale University has
published a document called Integrating Green Chemistry and Green Engineering into
the Revitalization of the Toxics Substances Control Act””. The following strategies have
been adapted from that document:
(1) Data used to evaluate chemicals will make use of green chemistry concepts
and metrics.
(2) Incentives will be created by the Parties to promote better performance on
health, safety and environmental criteria, and/or switching to less hazardous
alternatives for substances of concern in the Great Lakes.
(3) Information and data collected by the Parties will be made available through
various mechanisms to help drive the adoption of the principles of GC&E forward
under this Agreement.
(4) The Parties will implement coordinated research and development funding
from diverse agencies to be overseen jointly by the Parties.
(5) Programs such as Design for the Environment (DfE) in the U.S. and
comparable programs in Canada will be utilized to facilitate cooperative programs
between stakeholders, including industry, governments, NGOs, academia, and
labor in order to increase the impact of partnerships for the development of less
hazardous products

® The Parties shall prioritize the use of the principles of green chemistry and green
engineering to inform all reasonable and practicable measures to rehabilitate those
portions of the Great Lakes adversely affected by hazardous and persistent toxic
substances and shall promote treatment and remediation of contaminated sediments over
warehousing in contained disposal facilities, landfills, and/or the use of incineration.

Research Research should be intensified to develop safer alternatives and viable

substitutions for chemical threats to the Great Lakes System, including the application of the
principles of green chemistry and green engineering to the remediation of legacy contamination.

(a) The Parties will collaborate to assure funding to create a binational network of
government-academic-industry partnerships for the development, commercialization and
diffusion of safer alternatives. Funding and support for technical outreach programs for
GC&E implementation will advantage smaller and medium-sized Great Lakes enterprises
and municipalities.

(b) The Parties will commit to funding partnerships and collaborations to disseminate
information and to support capacity-building in the practice of green chemistry and green
engineering among Great Lakes industries, academic institutions, and governments; the

Parties will contribute funding in support of existing state and provincial green chemistry

15 Matus, Kira MJ, Beach, Evan, Zimmerman, Julie B., Integrating Green Chemistry and Green Engineering into
the Revitalization of the Toxics Substances Control Act, Center for Green Chemistry and Green Engineering, Yale
University, New Haven, CT, June, 2010.
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and green engineering information clearinghouses and will facilitate the growth and
development of regional collaborations in this area.

(c) The Parties will fund and support the development of programs to encourage the
adoption of green chemistry and green engineering curricula in Great Lakes educational
institutions, K-12 and undergraduate through post-graduate levels.

Reporting.

The Parties will require reporting on the progress in developing alternatives,
substitutions, and sunsetting/phasing out chemicals through development and
implementation of a continuous improvement reporting regime.

(a) The Parties will jointly develop metrics to assess continuous improvement in
reporting progress under this Annex.

(b) Industry and facility-specific baselines of current emissions and discharges of all
chemicals identified as having inherent hazardous properties will be reported by the end
of year two following adoption of this Agreement to serve as the basis for assessing
continuous improvement under the articles of this Agreement..

(c) Reporting on the programmatic activities undertaken under Section 3. (a) to
identify, evaluate, and consider for adoption viable, safer alternative technologies and
approaches will be required from all identifiable point sources in the Great Lakes Basin
every five years.



