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Overcoming the Challenges to the Implementation of Green Chemistry
Kira J. M. Matus, Paul T. Anastas, William C. Clark, and Kai Itameri-Kinter
Abstract

The Harvard-Yale-ACS GCI Green Chemistry Project is investigating the overall question of the circumstances
under which firms can enact innovations that have both economic and environmental benefits, through a focused
examination of the implementation of green chemistry. The research project has taken up three fundamental,
interrelated questions: What factors act as barriers to the implementation of green chemistry? What actions can be
taken by the government, academia, NGO’s and industry that will help alleviate these factors? What are the policy
implications of these barriers and potential actions, for all of the involved stakeholders?

During its initial phases, through interviews with a dozen green chemistry leaders from industry and academia, and
through a multi-stakeholder workshop, the project has focused on the first two questions, and is working towards the
third. Overall, we determined that there are six major classes of barriers to the implementation of green chemistry:
economic, regulatory, technical, organizational, cultural and definition and metrics. From the workshop
participants, six major action themes emerged to address these. They are: create incentives for the development and
implementation of innovations; consider policies to shift focus to hazard reduction; facilitate linkages, networks and
collaborations; act as a facilitator for multi-stakeholder initiatives; promote actions that make environmental and
health impacts a larger part of the decision calculus; and support research, knowledge creation, and educational
efforts to support green chemistry across a range of disciplines and problem areas.
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|. Executive Summary: The Harvard-Yale-ACS GCI Green
Chemistry Project

What We Asked

For fifteen years, green chemistry advocates have touted the benefits of a set of guiding
principals which confer both environmental and economic advantages for industry and society.
There have been a number of noteworthy successes in this endeavor across a number of sectors,
which have served as examples to the larger chemical community. Yet for all of the movement
on the scientific front, and for all of the truly innovative work done by some firms, green
chemistry has yet to become a fundamental operating strategy in the majority of chemical firms.
Why is this the case? Is it simply another example of the generic difficulties of implementing
technological innovation? Are there aspects of the chemical enterprise that make this particular
challenge unique? What is the impact of the environmental aspect of green chemistry that makes
its implementation different from other chemical innovations?

The Harvard-Yale-ACS GCI Green Chemistry Project’s goal is to investigate the overall
guestion of the circumstances under which firms can enact innovations that have both economic
and environmental benefits, through a focused examination of the green chemistry case. The
research project has taken up three fundamental, interrelated questions.

1. What factors act as barriers to the implementation of green chemistry?

2. What actions can be taken by the government, academia, NGO’s and industry
that will help alleviate these factors?

3. What are the policy implications of these barriers and potential actions, for all of
the involved stakeholders?

During its initial phases, through interviews with a dozen green chemistry leaders from industry
and academia, and through a multi-stakeholder workshop, the project has focused on the first two
guestions, and is working towards the third. The process is highly iterative- initial work has been
focused on these questions within the domestic, United States context. The preliminary responses
to the three basic questions within this limited, United States scope, will in turn inform future
investigation into the larger, global outlook.

What We Found

For each phase of the research, we have been able to construct preliminary answers to the
guestions being addressed. The project began with a focus on the historical barriers to the
implementation of green chemistry. Those who had successfully adopted green chemistry
provided descriptions of the process, including the many challenges that had to be overcome.
Many of them, in the course of successfully implementing green chemistry, had also experienced
less positive outcomes. Through interviews, we were able to probe these experiences, and
correlate between cases that spanned a range of sectors. Overall, we determined that there are six
major classes of barriers to the implementation of green chemistry.



Economic and Financial:
a. High capital costs
b. Uncertainty of future benefits
c. Reluctance to abandon sunk capital in mandated mitigation technologies
Regulatory
a. Regulatory emphasis on exposure reduction, not hazard reduction
b. Regulatory disincentives (i.e. recertification)
c. Lack of regulatory incentives (i.e. fast-tracking or fee reduction) for greener
alternatives
d. Lack of funding for research
Technical
a. Lack of available substitutes for problematic reactions, solvent systems
b. Difficulty in accessing existing technical and scientific knowledge
c. Difficulty in sharing information across industry
d. Lack of chemists and engineers with appropriate training

Organizational
a. Intraorganizational conflicts between divisions, plants, products, etc...
b. Lack of support at executive or technical level
c. Lack of understanding in sales and marketing
Cultural
a. Not enough awareness in larger chemical community
b. Not enough awareness on the part of consumers and the general public
c. Negative connotations associated with “green:”
i. More expensive
ii. Less effective
iii. Not rigorous science
Definition and Metrics
a. Confusion as to what defines something as being “green chemistry”
b. Difficulty with optimizing over multiple dimensions
c. Lack of widely applicable metrics for measuring level of “green”

Once these barriers had been identified, we then asked thirty workshop participants to consider
what actions each of four stake-holder groups (academics, regulators, NGO’s and industry) could
take in order to mitigate these barriers not just for themselves, but for other groups as well. From
the broad list of actions proposed (see Section VII), six major action themes emerged.

1.

2.
3.

Create incentives for the development and implementation of innovations- and avoid
dictating required technologies or approaches.

Consider policies to shift focus to hazard reduction- not just exposure control.
Facilitate linkages, networks and collaborations that positively impact the exchange of
information, expertise, tools, etc...

Act as a facilitator for multi-stakeholder initiatives to create and enforce green
chemistry metrics and standards.

Promote actions that make environmental and health impacts a larger part of the
decision calculus.

Support research, knowledge creation, and educational efforts to support green
chemistry across a range of disciplines and problem areas.



What We Do Next

The project has several important tasks remaining in order to reach its goal of answering
its three core questions. The first is to build upon the action themes that emerged from the
workshop, in order to construct a framework for effective green chemistry policy in the
United States. This will be accomplished through small, focused brainstorming meetings. One
will be with regulators from the state and federal levels, and will concentrate on identifying the
most useful policy tools available at different regulatory levels. The other meeting will bring
together members of the industrial community in order to map out what existing policies and
regulations act as considerable disincentives to the implementation of green chemistry
innovations. Once we have completed the construction of a policy framework based on the
results of these meetings and the previous work, we will have preliminary answers in hand for all
three of the core questions.

The second task remaining for the project is to broaden the outlook beyond the United
States context, to take into account the international nature of the chemical enterprise, and the
important impacts of globalization on the future outlook for green chemistry. We have begun
conducting interviews with members of the academic, industrial, and regulatory communities
involved with green chemistry in China, and will be expanding to include India in this effort
within the year. As two of the largest emerging players in the chemical enterprise, understanding
how the answers to the three core questions change for each differing geographic context will
provide a more robust answer to the project’s underlying goal of understanding how to
successfully implement innovations for sustainable development.



ll. Introduction to the Harvard-Yale- ACS Green
Chemistry Institute’s Green Chemistry Project

The Harvard-Yale- ACS Green Chemistry Institute’s Green Chemistry Project is working
to elucidate the underlying causes of the barriers to the implementation of green chemistry
technologies in the United States, with a view towards using its findings to inform the design of
future policies.

There has recently been increasing attention focused on the need to deal with the
challenges of sustainability. Sustainability as defined by the Brundtland Commission calls for
meeting the needs of the current generation while preserving the ability of future generations to
meet their needs. The role of scientists, engineers, and policymakers on all scales is central and
essential to determining if and how quickly we move towards a sustainable future. Green
chemistry, along with the complimentary fields of green engineering, industrial ecology, and
sustainability science represent examples of the critical emerging disciplines necessary to realize
this goal. Each of these disciplines/ meta-disciplines works at different scales and with different
focus areas to make fundamental contributions to advancing sustainability. Green chemistry,
however, is one of the most fundamental of these fields in that it focuses on the molecular level to
design chemicals and materials to be inherently non-hazardous. Given the expansive use of
chemicals throughout the economy and society, creating benign chemicals will have far reaching
effects by providing engineers and industrial ecologists with the necessary building blocks in the
design of sustainable products, processes, and systems.

The challenge of promoting greater adoption of green chemistry innovations is
substantial because green chemistry is a disruptive emerging technology embedded in a complex
scientific, political, regulatory, economic, industrial and cultural framework. Innovations in
green chemistry are innovations in a large system that spans borders between nations, between
industries, and between scientific disciplines. This project seeks to elucidate the underlying
causes of the barriers to the implementation of green chemistry technologies in the United States,
with a view towards using its findings to inform the design of future policies.

Background and History of Green Chemistry

In 1991, the US Environmental Protection Agency (EPA) launched the US Green
Chemistry Program with the first research initiative in Green Chemistry. This Program has
served as a focal point for major activities within the United States, such as the Presidential Green
Chemistry Challenge Awards and the annual Green Chemistry and Engineering Conference. In
subsequent years, Italy, the United Kingdom, Japan and Australia have launched major initiatives
in green chemistry.

Most often, Green Chemistry initiatives are launched by cooperative groups of non-
governmental organizations (NGO), academic institutions and the private sector. The single
largest effort is by the Green Chemistry Institute (GCI), which was incorporated in 1997 with the
mission of promoting and advancing green chemistry and has chapters in 27 countries.



Green chemistry has also made progress in the area of education. The training of next
generation of scientists and engineers in the methodologies, techniques, and principles that are
central to green chemistry is vital to its success. To this end, professional societies, private
industry, and the educational community have worked together to develop textbooks, case
studies, laboratory experiments, and training opportunities for students, teachers, and faculty.
Additionally, private industry has also begun to retrain their current workforce, encouraging
green chemistry innovations through in-house award programs and salary bonus incentives (e.g.
Pfizer, Rohm and Haas).

Current State of Implementation of Green Chemistry

The research, development, and implementation of green chemistry has already led to
significant economic gains for many private firms with accompanying environmental, health and
safety benefits for society. The breadth of Green Chemistry’s applicability can be seen through
its many areas of accomplishment spanning agriculture, energy, materials, electronics,
automotive, and consumer goods. Several industrial sectors have been true pioneers in their
adoption of green chemistry principles by recreating the approach to designing the next
generation of chemicals and materials. These include polymer manufacturers, textile producers,
and pharmaceuticals developers. Some illustrative examples of Green Chemistry
accomplishments include®:

e adramatically more effective fire extinguishing agent that eliminates halon and utilizes
water in combination with an advanced surfactant;

o production of large scale pharmaceutical active ingredients without the typical generation
of thousands of pounds of toxic waste per pound of product;

o elimination of arsenic from wood preservatives that are used in lumber applied to decks
and playground equipment;

e higher performance automotive coatings that remove the substantial lead content and
replace it with the relatively benign element yttrium;

¢ introduction of the first commodity bio-based plastic that has the performance qualities
needed for a multi-million pound application as a food packaging for Wal-Mart;

o anew solvent system that eliminates large scale ultra-pure water usage in computer chip
manufacture, replacing it with liquid carbon dioxide which allows the production of the
next generation of nano-based chips;

e aclass of pesticides that focus exclusively on the unique characteristics of the target pest
and biodegrading to innocuous bioproducts after use in the environment.

Research Vision

While the benefits of Green Chemistry have been and continue to be demonstrated across
the chemical enterprise, the widespread penetration and implementation of green chemistry has
been impeded by its fundamental and disruptive nature.

Analysis of the impediments to Green Chemistry is an important aspect to understanding
its potential for widespread adoption. Candidates include key regulatory impediments,

* For details about award-winning Green Chemistry accomplishments, see
http://www.epa.gov/greenchemistry




knowledge impediments, metrics impediments, and impediments that are the result of the
institutions, culture and infrastructure particular to the chemical sector. This project will examine
the role that all these have played in bringing about the current state of Green Chemistry, and
what that implies for the future. This will allow us to construct a framework for the
circumstances under which the implementation of Green Chemistry is in fact viable.

Given the breadth and depth of the importance of chemicals to the economy and society,
Green Chemistry provides an ideal platform for the analysis of innovation for sustainable
development. Currently, the chemical enterprise presents challenges to the environment,
economy, and society, but it also offers unique opportunities to advance the goal of sustainability
through innovations in chemical product and process design. It represents a promising area of
emerging technologies in terms of potential contributions to sustainability. The findings of this
work will be used to inform the scientific, policy, and business community of a framework for
how and under what conditions adoption of radical innovations for sustainable development is
most viable and can be most effective.

Plan of Action- Phase |

This project will build on expertise at Harvard’s Kennedy School of Government in
tackling issues surrounding implementation of innovations in related fields, such as energy and
metals, as well as on the subject-specific knowledge of the Green Chemistry Institute and its
connections with the chemical enterprise. In order to undertake this study, the authors have
assembled a steering committee with expertise in sustainability, science, and technology. The
steering committee generated a list of another dozen key individuals that are leaders in industry
with knowledge of Green Chemistry, who were then engaged in an initial investigation of the
barriers to implementation, the findings of which are reported in Section 111 of this report. This
team of collaborators worked with the authors in an initial exploration of the impediments to the
more extensive adoption of green chemistry innovations.

The information gleaned from this initial exploration was the basis of a document that the
authors prepared and presented to a workshop of approximately thirty interested and qualified
individuals from industry, academia, government, and non-governmental institutions®. The
workshop, which took place on February 22" and 23, 2007, provided an opportunity for focused
reflection on the initial findings of the study. This report of the interviews and workshops
reflects the desired goals of greater understanding of the unique impediments to implementing
Green Chemistry in industry, the underlying causes of these impediments, policy levers that can
be used to address these issues, and the appropriate next steps both for the participants, and the
research project overall.

® The lists of members of the steering committee, the participants in the interviews, and the workshop
participants can all be found in the Appendix 2.



lll. Report from Interviews: The Barriers to the
Implementation of Green Chemistry in the United States

Introduction to the Barriers

What are the barriers that slow or prevent the implementation of green chemistry? In
particular, which of these barriers are the most particular to the chemical enterprise, as opposed to
the more general problems associated with implementing technical innovations in well
established industries?

Preliminary research indicates that there are a complex set of intertwined issues that act
as barriers to the effective implementation of green chemistry within the chemical enterprise.
They broadly fall into the categories of economic and financial, regulatory, technical,
organizational, cultural, and even definition and measurement. These categories themselves have
significant interactions and overlaps between them. Increasingly, the research is demonstrating
that one of the problems unique to the widespread implementation of this (and most likely other)
innovations in the chemical enterprise is the sheer complexity and diversity of the industry itself.

The Chemical Enterprise: Complex and Intertwined

The sectors of industry that fall under the chemical enterprise umbrella are both large and
diverse. They range from pharmaceuticals to textiles, from pesticides to paper, from petroleum
products to specialty chemicals, plastics, and just about everything in-between. It is not unusual
for a company that specializes in a consumer product like sporting goods to evaluate its processes
and discover that it is also in the business of large-scale chemical production. The variety and
ubiquitousness of the use and production of chemicals within industry represents the first barrier.
Many firms that fall into the chemical umbrella may not see themselves as such, which makes the
dissemination of information to these arenas much more difficult.

Furthermore, diversity within industry extends beyond product lines, but also includes the
particular kinds of barriers that different firms face when they decide to implement green
chemistry. There is a huge variety of technical knowledge within the industry, much of it highly
contextual. There are also very different experiences with regulations. Pharmaceutical firms are
concerned that they may have to deal with the costly and time-consuming process of FDA
recertification every time that it changes a production process. Other firms may need to recertify
with the EPA or other environmental agencies abroad if they change the formulation of a
pesticide. Still other sectors may not have to deal with any regulatory re-certifications due to
changes in their process. This is just one aspect in which diversity in the broader chemical
enterprise affects how and where green chemistry is easy (and difficult) to implement. Similar
diversity can be found between the particular cultures, organizational structures, and financial
situations throughout the chemical enterprise. This means that any particular sector, or even any
particular firm, may find itself facing a unique group of barriers, depending on its suite of
products, which makes it difficult for learning and knowledge transfer to take place between
firms and across sectors.



Many of the sectors in the industry are highly intertwined, which means that firms within
the chemical enterprise occupy a variety of positions along the supply chain, from primary
production (i.e. petrochemicals) all the way to consumer products. Some firms face demand from
the consumer market, others are focused on industrial and business to business (B2B) markets,
and some firms may deal with both. The needs of these very different markets add to the
complexity of evaluating potential barriers to green chemistry.

Despite this diversity, there are many barriers which appear to be common to many
sectors of the chemical enterprise. They include economic, financial, regulatory, technical,
organizational, cultural, and barriers that arise from differing opinions as to what constitutes
green chemistry, and how it should be measured (metrics).

Economic and Financial

Within the chemical enterprise, a new product or process based on green chemistry must
meet two criteria- economic and environmental performance. The product or process must not
only represent an improvement for health and the environment, but it must also be more
profitable, without sacrificing efficacy or quality. In the case of an existing product, changes in
the production process or formulation must represent enough of a potential cost savings that the
short-term costs are outweighed. For example, Pfizer has saved millions of dollars to date from
Presidential Green Chemistry Award winning changes to the process to synthesize sertraline, the
active ingredient in Zoloft. The resulting revenue increase was enough to overcome the costs,
which went beyond capital investment and included all of the costs associated with the time-
consuming process of recertifying the drug with the FDA. A small decrease in costs associated
with waste, or the use of less dangerous or more efficient processes, may not be enough to justify
large changes, which can be a significant barrier to implementation, especially when exact
savings are uncertain or hard to quantify.

There are also other financial barriers. Many chemical enterprises are highly capital
intensive, and firms will be reluctant to abandon their previous investments. The costs of
shuttering an old, inefficient plant can be very high, leaving firms without the resources to then
re-invest in new technologies. Building new chemical infrastructure can also be very expensive,
and the high upfront costs can be a significant barrier to implementation of greener chemical
processes. Depending on the sector, many operations that are under the chemical umbrella fall
under the commaodities classification, or may not enjoy high-enough margins to overcome the
financial and economic barriers to change.

Regulatory Barriers

The significant growth in environmental regulations over time has had an important
impact on the chemical enterprise. And given the increasing globalization of the chemical
enterprise, many firms must also cope with regulations (which may differ significantly) in all of
the nations where they produce and sell their products. While green chemistry is interested in
reducing inherent risk through the reduction of hazard, most environmental, health and safety
regulations focus instead on reducing risk through reductions in exposure. This means that many
firms find themselves in situations where they must spend precious resources on regulatorily



mandated, and often expensive, end-of-pipe technologies, instead of investing in research and
development to move towards inherently safer products and processes. The focus on risk control,
rather than risk prevention, can be a serious barrier. Under control-oriented regulation, firms have
little incentive to invest in prevention, and may be forced to divert resources to control instead.

There are also regulatory barriers that emerge from the particular details of a given set of
regulations, such as those that surround the certification of drugs. If a pharmaceutical company
wishes to change certain parts of its method of production for a product on the market in the
United States, it must undergo a time-consuming and expensive recertification process with the
FDA. If a company develops a pesticide that is safer, or produced in a less hazardous or more
environmentally friendly manner than one in current production, it must go through the process of
certification with the EPA under TSCA. These regulations, while meant to protect, do not offer
any benefits (such as a fast-track for processes that provide environmental or health benefits) and
often take enough time, money, or both, to create a significant barrier to the implementation of
green chemistry.

Finally, there are financial regulations that can also create a barrier. Many of these
involve details of the accounting systems, and how and when a company can write-off old
infrastructure. There are also financial complexities that come from the regulations governing the
liability of firms for the land where their facilities are cited, should any health or environmental
problems that result from these facilities arise in the future. Even if companies are able to shutter
old plants, they face a significant potential future financial liability (such as Superfund), that
makes it much more attractive to continue with the status quo than to make investments in new
infrastructure.

Technical Barriers

The science behind green chemistry is often complex and multi-disciplinary. While the
underlying chemistry has made great progress, there are many reactions and processes for which
greener substitutes remain unknown. Even where academic or industrial research has devised a
new reaction or synthetic pathway to a given chemical, this knowledge may not be readily
available to the chemists within industry. Some of it remains in the firms that develop it,
protected as trade secret for competitive advantage. Some of it is buried within the vast chemical
literature, and may not even be labeled anywhere as being a “green” alternative. As of yet, there
is no formal collection and dissemination (such as a large-scale green chemistry database),
although the Green Chemistry Institute has started to work on this problem with its
GreenChemEXx database. But as of yet this is still very small, and does not solve the problem of a
comprehensive reference.

Additionally, even when tools are generated by one firm, or within one industry, they can
be very difficult to implement elsewhere. For example, S.C. Johnson, Inc. has been very
successful in its implementation of its Greenlist program. But the very flexibility to absorb detail
and context that makes it effective also makes it very difficult to transfer to other firms. It
requires a significant technical effort to adjust it for the products of other formulators, and even
more fundamental adjustment would be required if it were to be transferred to other sectors,
especially those that are involved in the production, as opposed to the formulation, of chemical
products.



The number of disciplines involved in green chemistry also creates a technical barrier.
Organic chemists typically do not have a working knowledge of toxicology, chemical
engineering, or ecology. Similarly, toxicologists are not trained as synthetic chemists, and the
engineers usually do not have extensive knowledge of environmental systems. This makes it
difficult for chemists to anticipate, or take into account, the potential downstream effects of a
product or a synthetic pathway, unless they are provided with a tool-set to aid them in a more
systematic evaluation. The lack of a broader technical background in the training of chemists,
including the ability to think on a more global, systems level, has emerged as an important barrier
to the integration and implementation of green chemistry within industry.

Organizational Barriers

Within firms, the implementation of green chemistry can run into problems that are the
result of the organization’s structure. For example, a division may be reluctant to change to a
greener production process that may produce costs for their own bottom-line, even if the results
benefits the firm as a whole, since this could negatively impact evaluations of the division’s
performance. The same problem can occur even more locally, when a particular facility is
reluctant to implement a change which would be good for a division overall, but that would be
locally costly.

There can also be occasions where the development of a greener product in one part of a
company will hurt the sales of another product, leading to conflicts and difficulty in
implementation. These kinds of organizational clashes are especially likely to occur if the overall
business plan and evaluation structure does not explicitly include environmental and health
metrics.

Another kind of organizational barrier can occur when the “champions” of a greener
product or process are not in positions of power. If support does not exist at the very top, then
implementing green chemistry becomes less of a priority, and it is difficult to secure the
necessary resources for implementation. Like any other project, green chemistry can fall prey to
the power struggles within any given company. Besides the importance of support at the top of
the firm, it is also important for there to be buy-in from those who actually are in charge of the
research and production processes. The absence of a common environmental goal across the
organization can be a significant hurdle to implementation.

Cultural Barriers

Within firms, the regulatory community, academia, and even the general public, there are
barriers that could best be classified as cultural. One of the most important of these is awareness.
While green chemistry has made significant progress, it is unknown or misunderstood by a large
number of chemists. It is not part of the standard curriculum in most schools, although this is
beginning to change. And while awareness is low among chemists, it is even lower within
industry. People whose jobs revolve around sales, marketing, and operations have even less
exposure to the concepts and potential benefits of green chemistry. Some may harbor
misconceptions regarding the actual nature of green chemistry, and may consider it to be just
green washing, or a part of the “environmental agenda,” as opposed to a set of practices grounded
in rigorous science. Or, they just may have no idea that the science itself is available, and could
have important benefits.
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There are also cultural barriers that are the result of previous experiences with the
environmental movement. These include, from the corporate standpoint, the idea that all
environmentally friendly changes are expensive and not particularly worthwhile. This is a legacy
of the largely command-and-control policies typical of environmental regulation through the
1980’s, which often mandated costly technologies. For the general public, there has been a
variety of often less than successful “green” products over the years. The general perception
remains that products labeled as “green” are more expensive and less effective, which lowers
demand and limits the effectiveness of green as a marketing strategy.

There are also cultural barriers that arise from the separation of academia from industry.
Academia is concerned with providing an education that produces first-rate chemists, and the
definition of what that education includes have remained remarkably constant since the end of
World War 1. Changes in chemical education have been difficult, and incorporation of green
chemistry into the curriculum, while gaining ground, is hardly universal. Academia is also
focused on its own particular research goals, which are not necessarily the same as the research
agendas that would be useful to industry. The differences between the research interests of
academics, whose careers depend on publications in peer-reviewed journals and their image in the
academic community as serious researchers, can be very different from the research interests of
chemists within industry. These chemists are concentrated on particular problems which they are
attempting to solve, in an arena where speed, effectiveness and cost-efficiency are important to
their personal success.

Finally, there are cultural barriers within the chemical enterprise that deal with innovation
more broadly. Some sectors are highly innovative, constantly rework their products and
processes, and place great value on being as efficient and cutting-edge as possible. This is often
the case with consumer products firms, who face a constantly shifting market demand, and must
innovate to stay competitive. However, there are other sectors that are less open to innovation.
The pharmaceutical industry has been confronted with its resistance to change. This has also been
the case with bulk chemicals, and other sectors whose products are (or are very much like)
commodities. The degree to which the culture of a sector or firm shuns innovation in general can
create a significant barrier to the implementation of green chemistry.

Barriers from Disagreements Regarding Definitions and Metrics

Green chemistry, unlike many other elements of sustainability, consists of a rigorous
definition and design framework, which is embodied in the Twelve Principles of Green
Chemistry®. Nonetheless, a final important barrier emerges from questions about what exactly
constitutes green chemistry. The term is often used interchangeably with chemical sustainability,
and can easily be grouped in with green engineering and sustainable development in general. It is
unclear to some whether green chemistry is its own branch of chemistry, like organic or physical
chemistry; whether it is a method for analyzing and thinking systematically about chemistry; or
whether it is something else entirely. This kind of definitional fuzziness can be both positive and
negative. It has allowed for a fair amount of longitude in developing the science, but it has also

® Anastas, P. T. and J. C. Warner (1998). Green chemistry : theory and practice. Oxford [England] ; New
York, Oxford University Press.
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led to confusion and argument about whether a given reaction, product, or process really
represents green chemistry.

Part of this last problem is compounded by the absence of a metric or certification for
green chemistry. Green chemistry is highly contextual, and thus open to a great deal of debate.
The ability to have a process for certification, such as is found with organic food products, creates
a way for firms to express to their markets that a product is more environmentally friendly by
some well-defined (though possibly still contestable) measure. This could be much more difficult
with green chemistry, since a careful reading of the Twelve Principles reveals that green
chemistry is a process for thinking about chemistry from a systems perspective, as opposed to set
of goals or standards of what makes something green. One of the barriers that emerges from the
loose definition and current lack of metrics is that it is hard to point to a given product and
declare it “green.” Because the Twelve Principles define a complex, multi-parameter system that
often involves making trade-offs between its elements, it is very difficult to create bright-line
standards that would make green chemistry certification and labeling effective. This can mean
trouble for support in firms, limits for potential marketing opportunities, and it may end up
causing too much focus on debating what is “in” and what is “out,” as opposed to working on the
underlying science.

Conclusions

These are just some of the barriers, and some of the strategies that have been identified to
overcome them. The goal of the Harvard-GCI Green Chemistry Project, and of this workshop, is
to continue to identify these barriers, to probe them more deeply, and to consider what strategies
are best suited to helping the chemical enterprise move forward in the area of green chemistry.
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IV. The Workshop: Organization and Working Group
Tasks

Organization

After a brief introductory plenary session, where Kira Matus and Dr. Buzz Cue reviewed the
research on the barriers to implementation up to that point, the workshop participants were
divided into four working groups. Participants were mixed so that each group had individuals
who had worked in each of the four stakeholder groups represented- industry,
regulatory/government, academia and NGO. Each group was then assigned a leader and the role
of a stakeholder group, according to the following table:

Stakeholder Group Leader

Industry Dr. Buzz Cue
Regulatory Dr. Robert Israel
Academia Dr. William Clark
NGO Dr. Paul Anastas
Tasks

Dr. Clark laid out the overview of the working groups’ task for the first day of the workshop.

The challenge to the groups was to move beyond the discussion of barriers, and to consider which
barriers were the most pressing, and what actions each stakeholder group could undertake in
order to lower, or remove them. In particular, the groups were encouraged to spend their time
considering not just actions that would be beneficial for their own group (i.e. what academics
could do to lower barriers for other academics), but the actions that they could take that would
have a significant positive impact on other groups (i.e. what academics could do to lower barriers
for industry). The morning session was set aside for brainstorming, while in the afternoon,
groups were encouraged to choose two to three actions to develop more thoroughly, for reporting
back to the entire group the next morning.
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V. Reports from the Working Groups

Academia Working Group

The Academia working group reported that they focused on addressing three major
barriers during their brainstorming. The first was the lack of certification methods or metrics for
Green Chemical products or processes. The group identified as its second barrier inadequate
curriculum materials and lack of knowledge among students, educators, and industrial chemists.
Finally, the group analyzed the title Green Chemistry as a possible barrier to adoption or
acceptance of Green Chemistry innovations and processes.

In response to the barrier stemming from lack of certification or metrics, the group
proposed that Academia use its perceived independent status to lend authority to the development
of uniform green standards for Industry in collaboration with Government and Industry.
Academia could especially inform this process by pointing out similarities to other certification
programs, and perhaps developing industry-specific standards.

For the problems associated with inadequate curriculum materials and training, the
Academic group proposed the creation of summer term courses on Green Chemistry for educators
leading to the creation of a comprehensive textbook and curriculum, along with mid-career
courses for executives, chemists, and engineers. They also suggested creating a case-study
curriculum for non-chemists or -chemistry majors which integrates business, legal, and scientific
concerns in the Green Chemistry design and manufacturing process. Additionally, it was
perceived that it would be useful to consult with Industry leaders to create a standard set of
classes outside of chemistry required for sustainability or Green Chemistry work.

Finally, a major change suggested by the group was to change the name “Green
Chemistry” because of the connotations of green as ineffective and expensive and because
chemistry is often seen as foreign. Changing the name to, for example, Green Design or Clean
Technology could also decrease other academic disciplines’ aversion to taking on Green
Chemistry work. Members of the group suggested that a relatively quick, inexpensive market-
research survey could be used to measure the effectiveness of candidate names, and to quantify
both the negative and positive connotations associated with the term *“green chemistry,” in order
to understand whether such a dramatic action would actually be useful.

Industry Working Group

The Industry working group chose to address seven barriers to broader adoption of Green
Chemistry. They were the stifling effect of short-term thinking and ROI timelines on innovation,
the need for further industry promotion and provision of Green Chemistry education along with
increased funding and support for research, the lack of broadly available Green Chemistry tools,
the need for increased collaboration across chemical sectors and industries, the realization that
Industry was not bearing the life-cycle costs of its products, so there was little incentive to
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incorporate cradle-to-cradle design into manufacturing processes, and the barriers that arose from
comfortable supplier relationships inhibiting firms from changing to greener suppliers.

To overcome short-term thinking the group proposed that alternate accounting systems be
developed with standardized sustainability reporting. More financially-oriented remedies
included the establishment of “futures” groups, working with investment advising organizations
like Innovest and insurers/reinsurers to increase understanding of investor risk from not pursuing
Green chemistry.

They also saw the need for the inclusion of Green Chemistry in continuing education
programs and the advantage of partnering with educators to provide case studies and other
curricula. Additionally, establishing more industry consortia at university centers for joint
Academia-Government-Industry pre-competitive research, endowing chairs, and funding post-
docs/research fellows were identified as major steps towards increasing industry workforce and
general knowledge.

After the research produces results, the group saw the need to create or designate an
organization to oversee a Green Chemistry toolbox and related database of reactions, materials,
LCA, TCA, and toxicology information. In order to further collaboration within Industry, a series
of sector- or technology-based roundtables were proposed to identify pre-competitive research
platforms and publicize large R&D challenges and organize Grand Challenge programs.
Roundtables could also be organized around one issue which brings in various Industry sectors
and Academia to initiate discussion and collaboration.

Regulatory Working Group

The Regulatory working group approached three barriers which the government deals
with in encouraging Green Chemistry. The largest was the lack of a clear methodology for
measuring green, and thus the inability to make determinations about the greenness of products or
processes. The second was a lack of trust in green as a positive change and a lack of trust among
stakeholders (e.g. business and NGOs), which were also seen as inhibiting factors. This stemmed
from the observation that business often does not share opportunities for Green Chemical
innovation and its own needs with academia and regulators, perhaps due to indifference or a lack
of awareness in the business community. The third barrier was the heavy-handed, prescriptive
nature of regulation and its focus on managing exposure instead of designing to reduce hazard,
which makes design-focused Green Chemistry less attractive. However, when addressing
regulatory reform, it was recognized that an additional major barrier still exists, in that there is
most likely no one size fits all regulation, so there will have to be extensive work and
specialization or flexibility put into new policy.

Actions proposed to overcome these barriers included developing a universally
applicable, common understanding of green chemistry using the twelve principles. This could
include recognition or adoption of the twelve principles by governments, industry, and NGOs and
the development of clearly articulated criteria or metrics for measuring green.

Regime change or a strong governmental focus on Green Chemistry was identified as a

major step in building trust, focused on an accelerated schedule of practical trust-building
exercises between sectors. In this vein, a separate, stakeholder-created program focused on
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building and celebrating trust was seen as a possible solution, perhaps including sabbatical
exchange programs between Industry, Academia, Government, and NGOs.

The need for broad reforms in order to integrate environmental regulation into a single
holistic unit was identified, including reforms within the EPA itself. Additionally, a number of
incentives were proposed in order to reward green innovation through reforming regulatory
processes, including: tax incentives for costly redesign of manufacturing processes or capital
replacement, reduced registration fees and timelines for green innovations, product patent life
extensions for redesign of manufacturing processes, and increased public recognition of green
developments. Also, a redirection of funds from regulatory fines away from exposure control
towards green chemistry (such as those from SEP), and targeted, voluntary regulatory programs
to encourage awareness and innovation were proposed. Involving Industry in encouraging
research in Academia through tax-incentivized grants or other tools was listed as a possible driver
of broader implementation of green chemistry.

NGO Working Group

The NGO working group brainstormed actions to address four barriers to the
implementation of Green Chemistry. They began with the determination that current methods of
cost and risk accounting are unsatisfactory because they fail to reflect true product costs and
instead spread the costs of a product out over organizational costs. A second barrier that they
focused on was what they saw as the focus on green products to be distracting from
improvements in manufacturing processes. Greenwashing was identified as a cause of consumer
confusion, which along with unclear green certifications/seals was seen as decreasing the ability
of the market to drive demand for green products. A third barrier that received attention was that
a tight regulatory interpretation of recyclable materials was identified as a major force in reducing
recycling rates in industry. And finally, more generally, an unclear problem statement, inertia to
maintain the status quo, and poor recognition for urgency were also seen as significant barriers.

To deal with these hurdles, the group proposed action steps. One was a clearinghouse for
toxicology data and requiring journals to publish toxicological data for new compounds.
Specifically, creating a limited low-cost toxicology test kit and allowing broader chemical model
characterizations were seen as critical steps in this venture. Similarly, the group also discussed
increasing access to life-cycle analysis data of chemical products if possible.

To overcome cultural barriers, they brainstormed on actions related to scientific
education within the NGO community and more inter-sector involvement, possibly including
foreign collaborations. In order to use NGO leverage to encourage Green Chemistry, they saw
the need to support and recognize the accomplishments and early successes of other stakeholders,
especially refraining from shooting down rising champions who are in the process of greening.
This arose from the observation that organizations that declare themselves to be green are often
overly scrutinized and a small misstep or slow development, even if positive, can draw political
and media attention and hamper these efforts. Finally they discussed that although it is difficult,
establishing or modifying a green evaluation and certification program with effective criteria
would be a major tool to overcome market difficulties.
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VII. Plenary Session

The workshop concluded with a final plenary session. At this session, each working
group presented the actions which they had formulated in the greatest detail during the first day of
the workshop (see Appendix 1 for the full summaries of actions presented to the group). Three
topics were chosen by the group for greater discussion- “Stocking the Toolbox”/information
exchange/data clearing-house for information on toxics; incentivizing different research and
development; and institutionalizing multi-stakeholder collaboration.

“Stocking the Toolbox”

One theme that struck a chord with a large number of participants was the need to make
information and data more easily accessible to all stakeholders, but especially to chemists in the
lab. This is true for a number of areas, but concern was especially acute in regards to the
availability of toxicology data, which is needed to assess the human health and environmental
impacts of chemical processes and products. Unlike other data needs, which may be very
particular to a given sector, there is a broad-based understanding of what kinds of toxicology data
are required to assess impacts. There is a great deal of such information currently in existence-
what is needed is an efficient way to put it all together to be accessible from one location.
Furthermore, such data does not confer a competitive advantage to any particular firm or group,
which makes it a strong candidate for a collaborative project. There was also agreement that any
large-scale database of toxicology information must be widely and publicly available.

In order to realistically embark on such a project, participants recognized several factors
that would have to be addressed in greater depth:

o Development of a framework for the data — for example, three key pieces of
information on each compound

e Incentive mechanisms for manufactures to make, locate, and make available their in-
house toxicology information

e A location where the database could be publicly housed

o The ability to link to existing publicly available toxicology data, such as through a
meta-search engine

e Process and methods for data evaluation and certification
Development of new testing mechanisms, so that a global database does not result in
driving testing in a certain (and possibly very expensive) direction

o Need for the ACS Board of Publishing to require that toxicology information to be
included in ACS Publication guidelines.

Building on this, it was also suggested that a group of participants could work together to identify
what other, similar tools are most needed to enhance the ability of chemists in industry and
academia to assess the toxicity of new compounds. This could include modeling tools and the
development new kinds of assays. The goal of this overall action is to assemble a system such
that industry and academia have access to what is currently available, while at the same time,
creating the incentives and resources to work to develop additional data, methods and tools.
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Creating Incentives for Research and Development

Green Chemistry is still a very new discipline, and nearly all participants recognized the
need for greatly expanded research and development programs with accompanying incentives to
make this type of research possible. Without increased basic science and implementation
methods, Industry cannot effectively incorporate Green Chemistry into business practice on a
large scale. Simple actions towards this end focus on increased public celebration of successes in
Green Chemistry, while several larger scale programs and actions were proposed.

There were many regulatory reforms proposed, beginning broadly with redefining
environmental protection as a holistic program legitimized by NGO involvement. More specific
regulatory changes focused on reducing fees, speeding up timelines, providing tax incentives for
new technology development and implementation, and encouraging Industry-funded research.
All of these initiatives incentivize the development of green technologies and make Industry
involvement more attractive in order to drive basic research and new product development. In
addition to new incentives, it was also recognized that existing regulations created barriers,
resulting in the proposition that the Green Chemistry community compile a list of regulations it
found to be pernicious, counter-intuitive, and contradictory to be submitted to regulators and
decision-makers. The goal would be to illustrate how the current process can have negative
effects in order to remove these major impediments.

Academic involvement was also identified as a key component in encouraging research,
including:

e Encouraging an increased level of Industry-funded research

o Increased Industry-Academia development of relevant curricula

e Providing incentives for increased academic development of Green Chemistry
education

o Development of standard Green Chemistry education guidelines

e Promoting Green Chemistry as a necessary part of any engineer or chemist’s
education

e Extending Green Chemistry education from the undergraduate level through
doctoral work and on to MBA-level and mid-career training

Another common point for encouraging competition and innovation was developing
metrics or a uniform system of evaluation and certification of Green Chemistry, whether it be an
absolute approval/disapproval system or a differentiated rating system such as LEED ratings.

Institutionalizing Collaboration

The need for increased collaboration on Green Chemistry issues across all sectors was
recognized, requiring the development of a safe forum for discussion. Many groups were
identified that were working on similar issues, but there was little apparent organization or
cooperation. No clear model emerged which would be perfectly suited for this emerging sector,
but a multi-faceted system of roundtables built around common sectors or technologies was
proposed. The goal would be to have a series of roundtables which are administered in a
synergistic way so that lessons can be learned and a sustained effort can be made at advancing
cooperation to produce long-term results. Part of this sustained effort would focus on
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maintaining the “toolbox” discussed above. The eventual goal would be to raise awareness and
implementation across all sectors to ensure that Green Chemistry rises to prominence in business
and academic discussions and that a new generation of academic and industrial scientists,
businesspeople, and NGO leaders develop accustomed to Green Chemistry as a normal part of
design and planning processes. More thought as to how this would be specifically organized and
what partnering groups could run the network would have to occur, but the first necessary step is
to get relevant stakeholders discussing the creation of this group as an initial step in establishing
and then institutionalizing new relationships and flows of information.
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VIIl. Conclusions
A Broad Policy Framework for Green Chemistry

From the content of the initial set of interviews, as well as the proceedings of the
workshop, it is clear that the implementation of green chemistry cannot be moved forward by
government action alone. It will take the involvement of a variety of actors, working in concert
in order to lower the barriers that have been identified. However, if approached properly, well-
constructed policies could have a significant positive impact. While the workshop was focused
on delving into particular actions that could be taken by stakeholder groups, alone or in concert,
the discussions pointed to the nature of policies that would facilitate and incentivize these actions.
While many particular policy interventions, such as increased research funds and tax incentives
were mentioned, six broader themes emerged. Put together, they create a broad policy framework
for the promotion of green chemistry. Such a framework is a useful guide to move from the
realm of discussion and suggestion to the actual formulation of sensible, useful, and effective
green chemistry policies.

The six themes that emerged were:

e Create incentives for the development and implementation of innovations- and
avoid dictating required technologies or approaches

o Consider policies to shift focus to hazard reduction- not just exposure control

o Facilitate linkages, networks and collaborations that positively impact the
exchange of information, expertise, tools, etc...

e Act as a facilitator for multi-stakeholder initiatives to create and enforce green
chemistry metrics and standards

e Promote actions that make environmental and health impacts a larger part of the
decision calculus

e Support research, knowledge creation, and educational efforts to support green
chemistry across a range of disciplines and problem areas.

With these themes in place, it is possible to move forward by linking them to the barriers
that they address via many of the actions suggested by the workshop participants. Table 1
presents a matrix of the actions presented at the workshop, and how they can be classified
according to the major barriers and policy themes. From this visual presentation, it is clearer
which barriers can be addressed by different classes of policies. It also provides guidance for
future policy development. For example, most of the actions presented did not significantly
impact the economic barriers. With this in mind, future efforts to address green chemistry policy
could explicitly work towards identifying policy interventions aimed at this particular barrier. It
is important to stress, as was done throughout the workshop, that the actions of one set of
stakeholders (for example, those involved with the regulatory and policy processes) can have a
significant impact on barriers for all those involved. Policy in this case can be thought of as
being broader in scope than just traditional public policy, to include the strategic decisions and
actors of players from other sectors, who can identify areas in which they are able to have an
impact, and proceed accordingly. This workshop, through the use of broad, multi-sectoral
participation and brainstorming, demonstrated the types of useful, action-oriented approaches that
can emerge from this framing. And it is these sorts of actions that will be needed to move the
implementation of green chemistry forward, beyond the many barriers in its path.
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Table 1- Actions Sorted by Policy Theme and Barrier Addressed

e Curriculum
development,

e Training
programs
e Industry

roundtables

e Curriculum
development

e Course
integration
e Education for

NGO’s

Barriers
Economic Regulatory Technical Organizational | Cultural Definition and
Metrics
Incentives to e Tax Incentives | ¢ Streamlined e Tax incentives | e Awards e Awards
Innovate approval programs programs
e Fee reduction e Alternate
e IP Protection accounting
schemes (long
term)
Hazard Reduction e Use of fines
Focus towards green
chemistry
improvements
Linkages and e Shared tools, e Trust building
Networks databases,
information
i exchange
% Standards, Metrics e Certification/ | e Certification/ | e Metrics o Certification/
£ | and Certifications Standards Standard Standards
'; efforts efforts efforts
L2 e Metrics
E Increase e Inclusion of e Alternate e New green
Prominence of toxicology accounting chemistry
Environment in data in schemes (long terminology
Decision Making articles term)
Support for e Research e Research
Research, Education funding, funding
e Sabbatical e Sabbatical
programs, programs
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Appendix 1 — Summary of Actions Presented by
Working Groups at the Final Plenary Section
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Industry Group

Actor: Industry

Barrier: Short-term thinking stifles/impedes innovation

Affected Group(s): Industry

Action: To expand decision timelines for innovations with longer-term ROls

Development of alternate accounting systems

Systemization/standardization of sustainability reporting

Establish “futures” groups

Undertake discussions with SAM or Innovest organizations to establish greater
understanding of investor risk from not pursuing Green Chemistry

Undertake discussions with insurance/reinsurance industry to establish greater
understanding of loss prevention related to not pursuing Green Chemisty

Actor: Industry

Barrier: Don’t have sufficient GC tools available

Affected Group(s): Industry, Academia

Action: To stock the Green Chemistry toolbox

Use the US EPA Presidential GC Challenge Awards categories as a guide; e.g.,
alternative synthetic strategies, designing safer chemicals, etc.

o Real options analysis
Tox / eco-tox
Fate
LCI/A
TCA

0 Materials
Create a database of reactions, vetted materials, etc
Identify an organization to own the tool box including stocking, maintaining and
disseminating the tools.

o Create an organization for each chemical sector to oversee tool box
Collaborating with academia, government agencies; e.g., NIH, EPA, etc
Challenge grants and funding

O 00O

Actor: Industry

Barrier: Inadequate funding for Green Chemistry in Industry and Academia
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Affected Group(s): Industry, Academia

Action:
[ ]
[ ]

To make funds available
Promote in-house basic research
Greater funding of academic research by industry
Joint funding programs, e.g., between DOE / DOD / NSF / etc., and industry to fund pre-
competitive research.

Actor: Industry

Barrier: Lack of Green Chemistry education and educated workforce

Affected Group(s): Academia, Industry, current and future workforce

Action:
[ ]

Form Industry-Academia task force to identify actions needed to move Green Chemistry
education forward for workforce
0 Provide case studies and curricula to Academia
0 Endow university chairs
0 Fund post-docs and research fellows
0 Fund more Industry consortia i.e. fund more Green Chemistry university centers
(interdisciplinary producers of education materials, white papers)
Include Green Chemistry in continuing education programs
Develop industry-specific journals with Green Chemistry reporting requirement

Actor:

Industry

Barrier: Lack of cooperation in/across chemical sectors due to antitrust, cultural issues etc.

Affected Group(s): Industry

Action:
[ ]

Establish sector- or technology-based roundtables

Define and administratively support interaction between roundtables

Identify pre-competitive research platforms

Identify and publicize large R&D problems and administer Grand Challenge program
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Academia Group

Actor: Academia
Barrier: Lack of certification scheme and accompanying metrics for Green Chemistry
Affected Group(s): Industry, Academia, possibly NGOs

Action:
e Use perceived independent status to convene inclusive meetings to establish metrics
o Involve industry to establish uniform standards
o0 Include provisions for continuous improvement
o0 Contribute a historically-informed strategic perspective to better design a scheme
in light of other certification programs
0 Determine whether universal or industry-specific programs are best

Actor: Academia

Barrier: Inadequate curriculum materials for Green Chemistry, chemists lack
knowledge of green processes

Affected Group(s): Industry, Academia, NGOs, Regulatory

Action: Curriculum reform to address interdisciplinary nature of Green Chemistry

e Teach a summer or other short course for those in chemistry profession
o0 Eventually develop comprehensive curriculum and textbook
0 Focus on mid-career professionals, open dialogue with Industry to determine

appropriate material

o Forman integrated case study model of education for non-majors
0 Include business, R&D, engineering, legal, and other aspects

e Approach Industry to create standard for courses outside of chemistry in business,

government, etc. that would be required of chemistry students (like pre-med)

Actor: Academia
Barrier: Green Chemistry name may be ineffective or alienating

Affected Group(s): Industry, Academia
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Action: B/C green considered ineffective, expensive, radical; chemistry seen as foreign; other
departments shy away from chemistry research; chemists can consider Green Chemistry not “real
chemistry”
e Rename Green Chemistry to, for example, Green Design, Clean Technology
0 Conduct market research to determine how Green Chemistry is viewed and to
explore effective alternatives
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NGO Group

Actor: NGOs

Barrier: Methods of cost and risk accounting do not reflect true costs of products
(spread out over organizational costs)

Affected Group(s): Industry, Academia, NGOs

Action: To collect toxicology data for specific products
e Establish a clearinghouse for toxicology data
e Require journals to publish toxicology data for new compounds/syntheses

Actor: NGOs

Barrier: Lack of clearly articulate problem to rally around, inertia to maintain status
quo, poor recognition of urgency for change

Affected Group(s): NGOs, Academia, Industry

Action: To increase awareness and action
e Scientific education for the NGO community
e Formation of strategic alliances with Green chemistry educators, Industry

Actor: NGOs
Barrier: Early successes not advertised/promoted enough; need champions
Affected Group(s): Industry, NGOs

Action:
o Recognize accomplishments of other stakeholders, get NGOs to support positive
developments not just target enemies
o Develop awards or other public mechanisms to accomplish recognition

Other Barriers:
e Greenwashing leads to consumer confusion
e Too much emphasis on product, not on better manufacturing/engineering
e Tight regulatory interpretation of recyclable materials reduces recycling rates
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Requlatory Group

Actor: Regulatory
Barrier: No clear method for measuring green
Affected Group(s): Industry, Academia, NGO, Regulatory

Action: Develop a multi-stakeholder understanding of Green Chemistry
e Based on Twelve Principles
o Defining different levels of green
e Universally applicable to chemical and related industries
e Challenge stakeholders to develop metrics

Actor: Regulatory
Barrier: Lack of trust in green and among stakeholders
Affected Group(s): Industry, Academia, NGOs, Regulatory

Action: Build trust
e Focus on an accelerated schedule of small trust-building exercises
e Regime change or new strong governmental focus on Green Chemistry
e Establish Green Chemistry collaboration program designed by stakeholders
0 Celebrate trust and reward collaboration/partnerships
o Build a cross-sectoral sabbatical exchange program

Actor: Regulatory
Barrier: Current focus is on exposure control rather than hazard prevention
Affected Group(s): Industry, Regulatory, Academia

Action: Reward green innovation - incentives

0 Tax incentives for replacing old technology
0 Reduced product registration fees and approval timelines for green innovations
0 Product patent life extension for green improvements in manufacturing
0 Increased public recognition for innovation

e Target funds from environmental fines towards hazard reduction instead of exposure

control (e.g. SEP)
e Establish targeted voluntary regulation programs
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Appendix 2: Harvard-Yale-ACS Green Chemistry
Institute Green Chemistry Project: Steering Committee
and Project Participants
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