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Executive Summary

n estimated $209 billion market exists in the
U.S. for goods and services focused on health,
the environment, social justice, personal devel-
opment, and sustainable living.! By building upon
its existing strengths, Massachusetts could take hold of the
clean technology segments of this market, if specific actions
are taken at the policy level. With state-level leadership, the
Massachusetts economy could grow by helping to solve some
of the world’s most pressing problems—resource depletion,
climate change, and increasing rates of cancer and other
diseases—while meeting the demand for cleaner, safer,

healthier products and technologies.

The Lowell Center for Sustainable Production at the University
of Massachusetts Lowell founded 7he Massachusetts Clean Tech
Initiative 1n 2007 to 1dentify specific opportunities and benefits

of making Massachusetts a leader in a range of clean technol-

ogies that serve the world, and recommend a path to get there.

Since then, the Initiative has worked with a diverse Advisory
Committee, conducted research, carried out interviews, and
convened labor, health, environment, business, investor, leg-

islative, and academic leaders in eight different industry and
regional stakeholder roundtables to discuss how to build a

vibrant Clean Tech economy and identity in the state.

Based on this research, the Initiative published its Initial
Report in December, 2007, which made the case for a Clean
Tech economy in Massachusetts, and provided preliminary
recommendations to get there. The Initial Report was distrib-
uted to stakeholders and policy makers to begin the discussion

on growing a Clean Tech economy in the state.

This Final Report builds on the information identified in the

carlier report, and adds original new research. The purpose

of this Final Report is to:

* further make the case for supporting the broad approach
to creating a Clean Tech economy,

* provide guidance to policymakers and others about steps
to grow this economy,

* refine and prioritize policy recommendations and other

actions,

Clean Tech Initiative Purpose

» Realize the opportunities inherent in a Clean Tech
economy

« Make the case for orienting the Massachusetts economy
around the full range of clean technologies

- Identify those technologies in which Massachusetts is
already poised to lead

+ Provide guidance to policy-makers and others about
steps to grow this economy

* identify additional needs and opportunities,

* look at our strategic advantage compared to other states,
and

* identify roles that key players can take in implementing

these recommendations.

Many of the recommendations have little to no cost and
involve public leadership and coordinating of existing pro-
grams and agencies. Others are higher cost but, given market
trends, increasingly limited resources, and growing informa-
tion about the impacts of exposure to toxic substances, climate
change, and resource depletion, the economic benefits

should well outweigh the costs.

Five Areas of Leadership
The Clean Tech Initiative identified five areas where

Massachusetts already has a leadership position:

1. Safer Alternatives/Green Chemistry: the design and use
of safer alternatives to toxic chemicals in products and

manufacturing processes.

No

. Green Buildings: products and services that reduce
the health and environmental impacts of constructing,
renovating, and operating building structures.

3. Materials Reuse: the return of products and materials
back into the economic mainstream through reuse,
remanufacturing, composting, and recycling.

4. Emerging Materials: materials such as safe and green

biobased materials and nanomaterials which, when
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designed responsibly, have the ability to yield significant
efficiencies in energy and materials use.

5. Clean Energy: the use of cleaner or more efficient energy
sources and production methods that create less pollution
—from fuel extraction to energy generation to reduced

demand.

Ten Ways to Support a Clean Tech Economy

In the stakeholder roundtables, Advisory Committee meetings,
and 1individual discussions held for this project, ten consistent
recommendations about actions the state can take to elevate
the importance of Clean Tech in the state’s economic devel-

opment, environmental, and health agendas emerged:

1. Create a“Clean Tech Blueprint” for Massachusetts:
establish a clear vision, goals, metrics, and leadership roles,
as well as direction for how the nine recommendations
below will be implemented.

2. Create a Massachusetts Brand or Identity for All Clean
Tech Activity: promote the state as a center for all kinds
of clean technology innovation and adoption

3. Track Massachusetts Clean Tech Competitiveness:
create an Index of the Massachusetts Green Economy

4. Create a State Office of Clean Technology (or Clean Tech
Coordinating Council): build on the state government’s
capacity to coordinate and advance the Clean Tech
Blueprint

5. Create Regional Clean Tech Centers of Excellence : bring
together key players to identify research and opportunities,
create partnerships, and disseminate information

6. Stimulate Collaboration and Cross-Fertilization of Tech-
nologies: foster industry-education-government partner-
ships, set priorities, and disseminate information

7. Support Manufacturing as a Viable Sector: nurture and
market the strengths of the state’s manufacturers

8. Develop a Trained Workforce: advance training in all
skill levels, for existing and projected green jobs

9. Regulate, Procure, and Invest: create competitive condi-
tions for the continued growth of clean technologies

10. Take Risks to Spur Innovations: be willing to invest
in innovations that may be risky but they may lead

to significant environmental or economic benefits

Five Technology-Specific Recommendations
In addition, for each of the five areas of leadership, the Clean
Tech Initiative recommends specific technology actions and

roles that will further position Massachusetts as a leader:

1. Safer Alternatives to Toxic Chemicals: Pass key policies
on Safer Chemicals and Products.

2. Green Building: Adopt the recommendations of the
Governor’s Zero Net Energy Building Task Force and
create an implementation plan.

3. Materials Reuse and Recycling: Reestablish a stable funding
mechanism adequate to double the state’s recycling and
waste reduction rates.

4. Emerging Materials
a. Biobased materials: Adopt the Sustainable Bio-

materials Collaborative guidelines as criteria for state
purchasing as well as investments in research and
development
b. Nanomaterials: Advocate that more federal funding

be dedicated to assessing health and safety related aspects
of nanomaterials, and strive to double Massachusetts’
share of federal research funds in this area to create
a Signature Research Center Initiative.

5. Clean Energy: Define what constitutes an energy source

or technology as “clean.”

These recommendations are described in more detail in

this report.

Massachusetts has a unique opportunity to take advantage
of its many inherent strengths in the five technology areas.
Its ability to attract public and private capital, its key export
ties, research institutions, skilled manufacturing sector, and
educated workforce could enable our state to become the in-
ternational hub of clean technology innovation and adoption.
An increasing market for environmental products and services
provides a rich and timely opportunity to invest in our own
clean technology infrastructure and create a thriving hub of
activity. By producing commercial innovations based on clean
technologies, Massachusetts could lead in improving the

quality of life, the health of the planet, and the economy:.

Advancing this broader Clean Tech platform will require
continued leadership from the governor’s office and legislature,
working together with businesses, labor, researchers, public
workforce development systems, and others. While this may
appear monumental given the current economic downturn,
trends indicate that policies and investments today to grow
Massachusetts’ Clean Tech strengths will provide extensive
long-term benefits to industry, the environment, and health of
the citizens of the Commonwealth. Such efforts are vital for

positioning the Commonwealth for the economy of the future.
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nvironmental protection used to be seen as a
business cost. Today, protecting the environment
has become a vibrant, new business opportunity
—an opportunity for innovative, green products,
for renewable and clean energy, for smart and efficient mate-
rials, for reusing and recycling, for new transportation and
housing options, and for conserving water and other resources.
Now 1s the time for Massachusetts to take key actions that will
promote and build a productive and sustainable economy

based on these clean technologies.

Clean technologies, or “Clean Tech,” are products,
services, and production processes that greatly
reduce or eliminate environmental and health
impacts throughout a product’s lifecycle—from
mining to manufacturing to product use and
disposal—while maintaining the same or better

levels of quality.

Clean technologies, or “Clean Tech,” are products, services,
and production processes that greatly reduce or eliminate
environmental and health impacts throughout a product’s
lifecycle—from mining to manufacturing to product use and
disposal—while maintaining the same or better levels of quality.
They reduce our exposures to toxins in our work, homes, and
environment; reduce pollution, waste, energy, and water use;
and provide jobs from entry level to executive, and from

manufacturing to services.

Local and international markets are increasingly demand-
ing these cleaner technologies. The organization Lifestyles of
Health and Sustainability (LOHAS) describes an estimated
$209 billion U.S. marketplace for goods and services focused
on health, the environment, social justice, personal develop-
ment, and sustainable living.? Programs such as the LEED™
green building rating system, European policies such as REACH,

and individual US state policies including recycling, green

The Clean Tech Opportunity

chemistry, and biobased materials are creating opportunities
for less toxic, recyclable, and energy-efficient products

and services.

Public and private entities that identify innovative ways

to create long-term sustainable value, support research and
development, and reduce health and environmental costs
associated with economic activities through clean technolo-
gies will distinguish themselves in the marketplace. This is

especially key in light of the current economic downturn.

Despite this, no state yet has developed a comprehensive eco-
nomic development strategy to reorient its economy around
the broad definition of Clean Tech. Internationally, only
Germany is undertaking a strategic initiative to build its

economy on these principles.

Under the leadership of Governor Patrick and the legisla-
ture, the Commonwealth of Massachusetts has already made
tremendous advances in the area of clean energy, passing a
host of policies that encourage the development and use of
renewable energy end energy efficiency, and reaching out
to attract and retain businesses in the clean energy sector.
This same enthusiasm and leadership could be tapped
and directed towards nurturing a broader range of clean
technologies that includes:

» Safer Alternatives/Green Chemistry

* Green Building

* Materials Reuse

* Emerging Materials

e Clean Energy

Advancing this broader Clean Tech agenda will
require continued leadership from the governor’s
office and legislature, working together with busi-
nesses, labor, researchers, advocates, public work-

Jorce development systems, and others.

Massachusetts is well positioned to fill this gap and lead

a worldwide transition towards a cleaner, healthier way of
doing business. It can supply the knowledge, products, tech-
nologies, materials, instruments, and equipment that can lead

the world to this new post-carbon, resource-wise economy.
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Five Areas for Clean Tech Leadership

in Massachusetts

here are five fields in which Massachusetts has
the knowledge, culture, infrastructure, and tech-
nologies to be on the leading edge of creating

a Clean Tech economy:

Safer Alternatives/Green Chemistry: the design and use
of safer alternatives to toxic chemicals in products and
manufacturing processes.

Green Buildings: products and services that reduce the
health and environmental impacts of constructing, reno-
vating, and operating building structures.

Materials Reuse: the return of products and materials
back into the economic mainstream through reuse,
remanufacturing, composting and recycling;

Emerging Materials: such as safe and green biobased
materials and nanomaterials which, when designed re-
sponsibly, have the ability to yield significant efficiencies
in energy and materials use.

Clean Energy: the use of cleaner or more efficient sources
and production methods that create less pollution—from

fuel extraction to energy generation to reduced demand.

These fields can stand alone, or overlap with each other

as well. For example, advanced nanomaterials are being
used to increase the efficiency of solar panels, and recycled
and less toxic materials are being used in green buildings.

Massachusetts’ strengths in each area include:

Safer Alternatives/
Green Chemistry
Massachusetts is home to
world-renowned leaders
and programs in green
chemistry. Our experts
serve as national and inter-

national advisors on safer

alternatives:

UDMass hosts the first Green Chemistry PhD program

in the world.

The Massachusetts Toxics Use Reduction Program has
helped hundreds of companies cost-effectively eliminate
millions of tons of chemicals and reduce business costs.
It continues to be a model for other states.

The Warner Babcock Institute for Green Chemistry and
the Beyond Benign Foundation based in Burlington create
green chemistry innovations, and educate our next gener-
ation in safer chemistry. These organizations are run by
a co-founder of the green chemistry field and by the
first green chemistry PhD graduate in the world.

The Lowell Center for Sustainable Production at UMass
Lowell coordinates the national Green Chemistry and
Commerce Council, comprised of large and small cor-
porations working to develop policies and practices that
reduce toxins.

UMass Amherst’s top-ranked polymer science program
has a key research focus on green chemistry
Massachusetts experts have served on numerous federal
advisory committees, as well as advisors on green chem-

1stry initiatives in Galifornia and Michigan.

Massachusetts is well positioned to lead a worldwide transition towards

a cleaner, healthier way of doing business. It can supply the knowledge,

products, technologies, materials, instruments, and equipment that

can lead the world to this new post-carbon, resource-wise economy.
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Materials Reuse
Thanks to a history of sup-
portive state policies and
private sector innovations,
Massachusetts has a

strong base of jobs, manu-
facturing, and research

assets in materials reuse:

Massachusetts manufacturers turn 4 million tons of waste
and scrap each year into a wide range of new products.
Massachusetts’ recycling industry is comprised of approx-
mmately 2,018 businesses that employ close to 14,000 people,
have a total annual payroll of $498 million, total receipts
of approximately $3.2 billion,* and turn millions of tons
of recyclables into new products each year.

Massachusetts colleges and universities host top researchers
in textiles, plastics and rubber recycling, as well as civil
engineering, who have developed, patented and licensed
innovative new uses for these materials.

UMass Lowell hosts one of the top plastics engineering

departments in the country, and includes a focus on

recycled plastics.

Green Building
Massachusetts has a high
concentration of architects,
designers, engineers, build-
ers and researchers who are
actively working with policy-
makers to expand green

buildings and develop new

technologies:
Greater Boston’s U.S. Green Building Council (USBGC)
affiliate, the Green Roundtable, has over 15,000 subscribers
active in its policy, education, and market transformation
programs. The Berkshires recently formed a USGBC
affiliate.
700 projects in Massachusetts have registered with LEED™;
100 of those have gone through the LEED™ certification
process. Genzyme’s Science Center in Framingham is
LEED Gold Certified, only one of ten such certifications
in the US.

* The Zero Net Energy Building Task Force of the Executive
Office of Energy and Environmental Affairs has recom-
mended actions that will reduce the energy demand of
buildings.

*  MIT’s Building Technology Program brings together
a number of departments to innovate in materials, manu-
facturing, and other areas for more efficient operation of
existing and new buildings.

* UMass Ambherst faculty has been tapped for a 15 mem-
ber expert panel to explore the scientific and technical
issues related to implementing energy and sustainability
initiatives in the 25 buildings comprising the U.S. Capitol
Complex.

* Massachusetts companies have established expertise
in controls and software that have been and can continue
to be applied to help reduce the environmental impacts
of buildings.

* Boston was the first city in the US to require commercial

developments of over 50,000 square feet to meet

LEED™ requirements.

Emerging Materials
Massachusetts receives
billions of dollars from

the National Science Foun-
dation, Department of
Defense, and National In-
stitutes of Health that fund
research centers at North-
eastern University, UMass
Lowell, UMass Ambherst, Boston University, Harvard
University, and MI'T. These centers are creating practical

innovations using advanced materials and technologies.

Biobased Materials:

* UMass Lowell’s Biodegradable Polymer Research Center
(BPRC) leverages the research capacity of university re-
searchers, government laboratories, and global companies
to lead in the development of the next generation of
plant-based biodegradable polymers.

» The BPRC’s research has led to numerous patents, and

three new business start-ups based in the state.
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¢ The Director of the BPRC was awarded the Lifetime
Achievement Award by the Bio-Environmental Polymer
Society, and is the editor for the Journal of Polymers and the

Environment, a leading journal in this field.

Nanomaterials

e The Center for High Rate Nanomanufacturing, a part-
nership between UMass Lowell, Northeastern University,
and the University of New Hampshire, is one of only
four centers in the US that focus on nanomanufacturing,

e An August, 2009 study by the Project on Emerging Tech-
nologies of the Woodrow Wilson International Center for
Scholars found that two of the top six “nano metros” in
the US are in Massachusetts. And Massachusetts is one
of the top four states overall for nanotechnology activity:.

o Small Times Magazine consistently ranks Massachusetts
as one of the top states in the nation for “small tech,”
including nanotechnology:.

* Massachusetts is adept at attracting venture and federal
funding for nanotechnology, ranking second after California
in 2005, and, at $8 billion, twice as much as third-ranked
Texas.

*  Over 50 faculty investigators from eight departments in three
colleges at UMass Amherst are working in the field of nano-
technology, generating over $36 million in research funding

since 1997 from a variety of federal and industry sources

Clean Energy
Massachusetts is home to

a growing clean energy
sector,* programs promot-
ing clean energy, and re-
search in new technologies
to generate, transmit and
store energy, as well as
reduce energy use:
Massachusetts is home to at least 566 clean energy com-
panies working in renewable energy, energy efficiency/
demand response, consulting, and support.

The renewable energy sector in Massachusetts employs
an estimated 14,400 people and, as of 2007, experienced
a 26% annual growth rate.

Massachusetts is an incubator for clean energy start-ups,
with 116 companies founded from 2001 to 2007. Nearly
half of those companies had less than five employees;

68 percent of firms had less than $10 million in annual
revenues, 41% below $1 million.

University research centers are developing a range of
energy generation, storage, and monitoring innovations.
Massachusetts received $25 million in federal funding to host
the country’s largest wind turbine blade testing facility in collab-
oration with the National Renewable Energy Laboratory.
Massachusetts has two key clean energy programs to promote
clean energy innovation and adoption, job training and
related economic development in the Commonwealth: the

new Clean Energy Center and the Renewable Energy Trust.

Small Businesses Provide a Market for Cleaner Technologies

2008 telephone survey conducted for the Clean Tech Initiative of 442 small businesses in Boston assessed opportunities

and attitudes related to their adoption of green business practices. The survey,'' conducted by the Donahue Institute

of the University of Massachusetts, found that:

- Sixty-two percent of small businesses report that the most significant challenge they face is the financial impact of rising

energy costs. This ranks ten-percent above the next most significant concern, rising health care costs. Thirty-four percent

of businesses ranked water and sewer costs as significant issues.

- Small businesses already engage in environmental practices, such as recycling, turning off lights and equipment,

purchasing energy efficient equipment, and reducing waste.

- The majority of businesses recycle to some degree, but many materials, such as metals, glass, textiles, and pallets, are not

being recovered.

+  Some 38-50% of businesses are more interested in financial incentives, such as discounts or grants, than

in education and training to increase their adoption of green practices. Between 30 and 36% prefer education and training.

»  Commercial property owners tended to be more interested in engaging in green practices than renters.
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Massachusetts’ Business and Technology Assets

he Milken Institute’s 2008 State Technology
and Science Index lists Massachusetts as being
in the best position of any state to achieve high-
quality economic growth, thanks to its world-
class research institutions, cutting-edge firms, and its ability
to leverage these assets in attracting and retaining a skilled
work force.” These and other business assets were identified
in the Clean Tech Initiative’s Initial Report as crucial for
supporting the transition to a Clean Tech economy:
* A strong, specialized, and educated manufacturing base
* A successful history of public/private partnerships in toxics
use reduction
* A strong innovation economy, built on a richness of

colleges, universities, and entrepreneurs

e Core technologies that can be applied to a range of new

products * A track record of attracting public and private investment,
¢ Key industry clusters, including information technology, such as federal research funds, venture capital, and business
finance, defense, and pharmaceuticals, that play important incorporations
roles in the Clean Tech infrastructure * A regulatory environment, including the Green Commu-
* Major export ties to Europe and Asia, key Clean Tech nities Act, bans on recyclable material disposal, the Toxics
markets Use Reduction Act, and the Regional Greenhouse Gas
* Legislation, business assistance programs, task forces, Initiative, that promotes the development and utilization
technology transfer activities, and more indicate strong of clean technologies
institutional support for environmental technologies * Strong public awareness of environmental issues on the
and behaviors part of industry leaders and consumers

* High-quality college and university research creating
Manufacturing Still Has a Vital Role breakthroughs in the five clean technology areas

e A well-educated workforce in both blue and white collar

taying Power: The Future of Manufacturing in Massa- jobs, with labor unions taking leadership in educating their
chusetts,® published by the Center for Urban and members about renewable energy and safer alternatives
Regional Policy at Northeastern University, establishes to toxics
not only the importance of manufacturing as a potent A sophisticated environmental advocacy community that
contributor to the regional economy but its role as a catalyst educates the public and advocates for policies that are
for future growth. It finds that almost 10 percent of the state’s better for public health and the environment.
workforce is employed in manufacturing, creating almost
$40 billion worth of goods annually. The sector retains more Feedback from the regional Clean Tech roundtable discussions
than 8,600 firms that are technologically sophisticated and particularly highlighted the importance of manufacturing to
well positioned to compete successfully in the emerging the local economy. With existing building stock, specialized
global economy. and efficient manufacturing processes, and a highly trained
The report cautions that as Massachusetts becomes a workforce, Massachusetts could capitalize on its ability to do
leader in “green” building and energy technology, the state’s high-end, first-run, niche manufacturing to grow the clean

manufacturers should not be forgotten. technology sector.
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Three Massachusetts Regions—

Assets, Barriers,and Opportunities

he Clean Tech Initiative convened three

Roundtable discussions in suburban, rural, and

urban regions of the state,” co-sponsored with

local legislators and economic development
organizations. The purpose of these regional Roundtables
was to learn more about unique strengths, challenges, and
opportunities for growing the Clean Tech economy in differ-
ent parts of the state, to raise awareness about the importance
of Clean Tech to the environment and economy, to gain
information that will inform key policy makers and activists,
and to help create partnerships that will ultimately help

move the Clean Tech economy forward.

The Roundtables attracted over 100 people, and were held
in Western Massachusetts, the Merrimack Valley, and the
495/MetroWest corridor. Below is a summary of the key

points that came out during these discussions.

Western Massachusetts

ASSETS

Berkshire, Hampshire, Hampden, and Franklin counties have
a host of regional employment boards, workforce investment
boards, and one-stop career centers focusing on green jobs
training, and employers are already hiring people that have
been through these programs. The region has a highly edu-
cated populace with a strong awareness of environmental
issues, in part due to an active environmental NGO sector and
proximity to UMass Amherst. It has a highly valued legislative
delegation that is sensitive to environmental and economic
development issues, industrial assets that reduce the need

for new construction, and companies currently involved in
materials reuse, clean energy, and green chemistry, with ad-
vanced materials emerging. The region’s quality of life, natural
and built resources, highly educated populace, and proximity
to major markets in New York and Massachusetts are part

of what make this region attractive for Clean Tech.

BARRIERS
In Western Massachusetts, the relative costs of doing business
are high, businesses are older, and college and university stu-

dents don’t stay in the region to develop the next generation

of clean businesses and green jobs. The need exists to create
partnerships to identify, support, and share information about
business opportunities. On the state level, it 1s difficult to get
products accepted into the state’s Environmentally Preferable
Purchasing Program, and lengthy and expensive permitting
is a hindrance to supporting clean industries and should

be improved.

OPPORTUNITIES

Opportunities to overcome these regional barriers exist in
creating jobs and job training programs in weatherization and
efficiency, retrofitting existing building stock to be more energy
efficient, hydroelectric energy, materials reuse industries, and
working with existing traditional industries to help them be-
come part of the cleaner technology network. Infrastructure
needs include retrofitting existing building stock to be more
energy efficient, a better rail system to move goods, and lab
or incubator space to support early stage companies. UMass
and other colleges and universities can play more of a role in
the region in fostering partnerships, commercializing tech-
nologies locally, serving as clearinghouses of information,
and encouraging students to stay in the area and start

new businesses. The state can help by providing a regional
permitting circuit-rider to shepherd state and federal envi-
ronmental permits. Clean Tech businesses that could be
supported in the region include markets for recyclables,
weatherization and energy efficiency, green building, and

green chemistry.

Merrimack Valley

ASSETS

The Merrimack Valley is a more affordable place to live and
work than many other parts of the state, and has significant
resources available for Clean Tech companies. Manufacturing
is a strong part of the Merrimack Valley’s identity—the region
incorporates three industrial cities that are well experienced
in manufacturing (representing the birth of the American
industrial revolution) and have room for growth. Manufac-
turing accounts for 20% of the region’s employment, providing
good wages. The diversity of products made in the region also

allows companies to find much of their supply chain needs
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within a short distance. For instance, Solectria, a company
that makes inverters for the solar industry, contracts for 70%
of its supply chain within the Merrimack Valley. Finally,
access to industrial infrastructure is well suited to a range

of manufacturing needs.

The region also has a high concentration of schools, from
UMass Lowell to Middlesex and Northern Essex Community
Colleges, to Greater Lawrence and Greater Lowell technical
schools, and boasts leading research activity in ethanol, plas-
tics, nanomaterials, biomaterials, less toxic manufacturing,

and green chemistry.

BARRIERS

The Merrimack Valley is challenged by the state-level emphasis
on a knowledge economy over a manufacturing economy, and
the lack of clarity about how the two can intersect to give
Massachusetts a competitive advantage. State leadership on
environmental education and on improving environmentally
preferable purchasing contract procedures could also be

improved.

OPPORTUNITIES

The intersection of knowledge and manufacturing in the
Merrimack Valley provides unique opportunities for early-
stage companies and related product development, especially
in high-end manufacturing that uses sophisticated processes.
Additional opportunities for growth include building partner-
ships among schools and businesses to identify future job needs,
as well as business-to-business partnerships to create more
local supply chain links. Businesses and others can also come
together to build the region’s identity as #e place for taking
mnnovative ideas into production, and providing information
to companies and individuals that will support the transition
to Clean Tech. And the proximity of farms, existing building
stock, experience in lead-free manufacturing, and the presence
of plastics manufacturing and UMass Lowell’s Plastic Engi-
neering Department create Clean Tech business opportunities
in composting, energy efficiency retrofitting, green chemistry,

and biobased and recycled plastics.

495/MetroWest

ASSETS

The 495/MetroWest region, comprised of thirty-two com-
munities stretching along I-495 from Route 2 in the north to
Route 1 in the south, hosts a number of large companies that
have already adopted sustainable practices in several of the
priority areas of the Clean Tech Initiative, as well as in other
sustainable practices, such as water conservation and reuse.
For example, EMC and Intel treat and recycle their waste
water for use in toilets, industrial cooling, and manufacturing;
Genzyme’s Framingham office is LEED™ Gold certified;
Staples is conserving energy and generating and purchasing
renewable energy, as well as sourcing environmentally prefer-
able products; Bose uses less toxic materials; and Evergreen

Solar is manufacturing solar panels.

The 495/MetroWest region is a major economic leader in the
state, with a payroll of close to $17 billion, and manufacturing
jobs accounting for close to one quarter of that payroll. The
region’s workforce is highly educated—about half have a
college degree and almost 20% have a graduate degree or
professional equivalent—and includes scientists, engineers,
and retired software engineers. The workforce also tends to
stay local, with 82 percent of the graduates from MassBay
Community College staying in the region. The area’s mix

of urban and open space, and proximity to Boston, also

make it a desirable place to live and work.

BARRIERS

The 495/MetroWest region is challenged by its infrastruc-
ture, including congested roads and limited water, zoning
that restricts placement of wind turbines, a lack of state
leadership in creating incentives for Clean Tech develop-
ment, and a lack of appreciation as well on the state level of

the role of manufacturing in the regional and state economy.

OPPORTUNITIES

Opportunities to grow the Clean Tech sector in the 495/
Metrowest region include business expansion in LED lighting,
connecting the strong information technology sector to new
industries, developing businesses around water use reduction,
educating businesses and the potential workforce about Clean
Tech, and providing education and assistance to businesses
regarding partnership building, business opportunities, and

available resources.
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tleast 13 of Massachusetts’ public and private
colleges and universities are hosting research
in one or more of the five Clean Tech areas
of focus (as well as in other related fields such
as transportation, planning, sustainable development, water
conservation, and more).® And community colleges are in-

creasingly adding training programs relating to green jobs.

Boston College, Boston University, Bridgewater State College,

Clark University, Harvard, MI'T; Northeastern, Tufts, four

of the UMass campuses, and Worcester Polytechnic Institute

together have over 200 research centers and research projects

working on such challenges as:

* Incorporating green chemistry practices and creating
less toxic products

* Developing new forms of energy conservation and effi-
ciency, renewable energy generation (both land and water-
based), energy transportation and storage, and alternative
vehicles

* Studying the social, political, health, environmental and/
or economic impacts of cleaner technologies

* Improving the ability to diagnose and treat diseases, as well
as the efficiency of solar and other energy generating tech-
nologies, through the manufacture and use of nanoparticles

* Developing ways to turn plants and microorganisms into
biodegradable plastic resins, pharmaceuticals, industrial
surfactants, and fuels

* Creating new ways to turn waste plastics, textiles, tires,
shingles, and other materials into new products

* Developing monitoring, ventilation, and construction

systems, as well as new materials, that make buildings

greener

RESEARCH HIGHLIGHT:
Materials Reuse

The Plastics Engineering Depart-
ment at the University of Massa-
chusetts at Lowell, and the School

of Engineering at Tufts University

joined together to create a prod-
uct, Synthetic Lightweight Aggregate (SLA) made from two
wastes—post-consumer mixed plastics and fly-ash. Fly-ash is

a by-product of burning coal, and mixed plastics are the

@ Academic Research and Education Assets

plastics left over after the valuable plastics are sorted out

and recycled from curbside recycling programs.

Synthetic Lightweight Aggregate (SLA) was developed,
produced and evaluated for use in construction applications
such as concrete masonry units (CMU), lightweight concrete,
and asphalt pavement. Tests have shown that while the
aggregate 1s not as strong as the sand and gravel it replaces
in these uses, it has more ductility, meaning it may provide
beneficial properties in construction, especially in earthquake-
prone areas. The SLA samples were also tested for Los
Angeles Abrasion and outperformed every other aggregate
tested in this study for comparison. This test 1s crucial for
the use of aggregate in asphalt pavement and results show
high potential. UMass and Tufts are now looking at taking
the SLA from the lab to full scale production. At present,
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a year-long license agreement has been granted to neco-
Plastics, LLC to further develop applications for SLA,

whether in construction or as input into another product.

RESEARCH HIGHLIGHT:
Green Building

MIT’s Building Technology (BT)
Program brings together its De-
partments of Architecture, Civil

and Environmental Engineering,

and Mechanical Engineering to
apply recent advances in the fields of materials, manufactur-
ing, and thermo-fluid sciences to the construction of new
buildings, to the retrofit or rehabilitation of existing build-
ings, and to the efficient operation of buildings. The pro-
gram is conducting research on natural ventilation of build-
ings to improve indoor air quality and reduce energy con-
sumption, building designs that reduce energy use, energy
efficient data centers, and integration of energy-efficient
measures with indoor air quality considerations. The pro-
gram is also carrying out research projects in the US as well

as in a number of countries in the developing world.

Major decisions that most influence the sustainability of

a new building are made early in the design process. The
BT group is developing a suite of software tools specifically
aimed at assisting designers and developers to assess the
impact of different scenarios on day lighting, heating,
cooling and natural ventilation during the early conceptual

phase of design. One of the tools is currently available

online.

RESEARCH HIGHLIGHT:
Emerging Materials—
Nanomaterials

The Center for High Rate Nano-
manufacturing (CHN) is a partner-

ship among three universities:

Northeastern University, University
of Massachusetts Lowell, and the University of New Hamp-
shire, Durham. This collaborative effort combines the skills
of 39 engineers, physicists, chemists, material scientists, hu-
manities investigators, and businesses. CHN 1dentifies barri-
ers to high rate/high volume nanoscale manufacturing so
that breakthroughs in nanoscale science can be transferred

to the marketplace. CHN’s goals are to:

1. Understand the fundamentals of synthesis and control
at the nanoscale to enable high-rate/high-volume bottom-
up, precise directed assembly of nanoelements.

2. 'Translate the nanoscale science into practical applications
in energy, bio/medical applications, electronics, and
materials.

3. Develop responsible manufacturing by understanding
and managing potential risks of nanotechnology.

4. Educate the current and emerging nanomanufacturing

workforce.

At least 13 of Massachusetts’ public and private
colleges and universities are hosting research
in one or more of the five Clean Tech areas of
focus (as well as in other related fields such as
transportation, planning, sustainable develop-

ment, water conservation, and more.

CHN’s research seeks to bridge the gap between scientific
research and the creation of commercial products, such as
those used in the electronic, medical, and automotive indus-
tries, where nanomaterials have the ability to make stronger
materials that can use fewer resources and increase energy
efficiency, and drug delivery systems that are more targeted
to a specific disease. Examples include development of smaller,
lighter weight electronics using carbon nanotubes; creating
improved antimicrobial medical devices that prevent infec-
tions; flexible photovoltaics that allow for wider uses of solar
energy; targeted systems that increase the efficiency of drug
delivery in patients; improved sensors for cancer detection;
and lighter weight materials for aircraft and cars that will

help reduce fuel consumption.

RESEARCH HIGHLIGHT:
Emerging Materials—
Biodegradable Polymers
The Biodegradable Polymer
Research Center (BPRC) at UMass
Lowell is a partnership of industrial
scientists, government laboratories

and researchers that carries out exploratory and applied
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research on biodegradable polymers to support medical
and environmental objectives. The BPRC’s research includes
identification of microorganisms and fermentation methods
to make new materials from renewable resources, blend-
ing biodegradable components to vary properties and bio-
degradability, processes to mold these new polymers, char-
acterization of various material properties, and lab

simulations of degradation in varying conditions.

Sponsored research funding to date has come from the
National Science Foundation, Warner Lambert, Johnson and
Johnson, Bristol Meyers Squibb, Eastman, Cargill, Union
Carbide, Dow, and currently Metabolix. This research has
resulted in patents, as well as spin-off companies here in

Massachusetts, including:

1. Massachusetts-based Metabolix and Archer Daniels Mid-
land have formed a joint venture, Telles, headquartered
in Lowell. Using a license from a BPRC: patent, Telles makes
Mirel™, a biodegradable polymer from non-food crops.
Mirel™ can be molded in a variety of ways, and can be
used in compost bags, agriculture, horticulture, marine
and water applications, consumer products, business
equipment, and packaging;

2. Anterios (formerly Encapsion) a new Massachusetts com-
pany partly owned by UMass Lowell, uses a BPRC patent.
It uses biodegradable nanotechnology to create a small-scale
delivery system that can administer drugs or cosmetics
more efficiently.

3. Adherion, another new company partially owned by UMass
Lowell, makes a biodegradable bone adhesive system based
on a BPRC patent.

Dow and Cargill have opened plants mass producing biode-
gradable plastics using BPRC licenses in Germany and Texas.

RESEARCH HIGHLIGHT:
Green Chemistry

Researchers at UMass Lowell are
working on new products, and new
ways to make products, using the
principles of green chemistry to max-
imize efficiency of material and en-
ergy while avoiding the generation and use of toxic substanc-
es. These products include organic photovoltaics, new drugs

and drug delivery systems, and flame retardant materials.

The use of flame retardant additives in commercial polymers
exceeds 909,000 tons/year globally. Flame retardant additives
currently used are often toxic and threaten both air and water
ecosystems. Researchers are developing a novel class of flame
retardant material based on a naturally occurring waste by-
product of cashew nut processing called the Cashew Nut
Shell Liquid (CNSL). CNSL contains a phenolic compound
known as cardanol. Naturally occurring enzymes (peroxidases
from horseradish) are used to polymerize cardanol. This single-
step enzymatic polymerization method using a renewable
material, starting material, and catalyst yields polymers that

show promising flame retardant properties.

Researchers are also using green chemistry to make a new class
of cancer fighting drugs. Ironically, current methods of synthe-
sizing anticancer drugs create large amounts of carcinogenic
chemicals. UMass researchers have found a way to use green
chemistry methods for creating a new family of compounds
from green tea. These compounds show anti-tumorigenic
promise, without harming healthy cells. This technology has
won a number of awards including the P3 (People, Prosperity

and Planet) award from the Environmental Protection Agency:

UMass Lowell researchers have found a way to use green chemistry methods for creating a

new family of compounds from green tea. These compounds show anti-tumorigenic prom-

ise, without harming healthy cells. This technology has won a number of awards including

the P3 (People, Prosperity and Planet) award from the Environmental Protection Agency.
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How Massachusetts Compares to Other States

he Clean Tech Initiative sent a survey to every
state environmental and economic development
agency in the country to see how they were pro-
moting clean technology research, development,
and application. The 30 states that responded” included
those known to be taking proactive action in one or more

fields below. The number of states with existing or planned

policies in each area follows.

Number
of States Policies addressing specific Clean Tech areas

Green chemistry and safer alternatives
to toxic substances

Green buildings

Materials reuse and recycling

Emerging materials

Clean energy

Of the responding states, seven had existing or proposed
policies in all of the five clean technology areas in which
Massachusetts has leadership potential. Within each state,
some efforts were carried out by environmental agencies, and
some by economic development agencies. However, no state
has explicitly developed a comprehensive overarching vision
that ties together their activities into a coordinated Clean

Tech economic development effort.

California, the state most often pointed to as Massachusetts’
competitor in environmental policy and clean technologies,
promotes its Clean Tech efforts under the umbrella of its Climate
Protection Plan. This plan has a goal of 30% greenhouse gas
emission reductions by 2020. These efforts include a flagship
Green Chemistry Initiative, and zero waste, green building,
and nanotechnology programs. Internationally, California is
working to develop standards for green chemistry, including
labeling for children’s toys; development of incentives to reduce
carbon; and cross-border initiatives with Mexico to reduce

litter and dumping by helping to set up recycling industries.

These activities are overseen by the California Environmental
Protection Agency (Cal EPA), along with relevant departments
within that agency. While economic development is a factor

in promoting clean technology, the driver is to create incentives

and requirements for businesses to operate in a more environ-
mentally sustainable manner: businesses remain competitive
by operating in an efficient, yet environmental manner, while

creating a demand for research and development of green

technology.

Ohio has one of the top-ranked economic development pro-
grams in the country, called the Third Frontier Project. Third
Frontier is looking into developing a Clean Tech strategy, but
for now; its programs only target energy-related companies
and advanced materials. Third Frontier has funded the Ohio
BioProducts Innovation Center (OBIC), run out of the state
university. OBIC is a research initiative that integrates academia
and industry in the development of renewable specialty
chemicals, polymers/plastics, and advanced materials. Ohio’s
Department of Development focuses on clean energy devel-
opment, and the governor has assigned an energy czar. The
state’s environmental protection agency does business outreach
and education around sustainability principles as a re-growth

opportunity for Ohio businesses.

However, no state has explicitly developed
a comprehensive overarching vision that ties
together their activities into a coordinated

Clean Tech economic development effort.

Michigan has separate initiatives promoting recycled materi-
als, green chemistry, biobased products, and green buildings.
The drivers of these programs, however, are climate and
environmental protection, although the state’s Green Chem-
istry Directive does note the economic development impor-
tance of this field. In addition, there is no overarching plan
or entity tying these initiatives all together as an economic

development strategy,

Closer to home, in 2003 Vermont’s lieutenant governor
declared Vermont the Green Valley, and created a vision that
linked jobs and the environment, supporting environmental

goods and services through networking, education, marketing,
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and growing and attracting new companies providing environ-
mental goods and services. However, government leadership
has waned and the non-profit Vermont Environmental Con-
sortium 1s carrying out part of that mission, providing a
networking and education function for the environmental
businesses in that state. The state Department of Environmental
Conservation also has a number of individual policies and

programs promoting end uses for recycled materials, decon-

struction and green building, materials exchange, energy

efficiency, and renewable energy.

The lack of coordinated Clean Tech economic vision in

the states, combined with Massachusetts’ strengths in so many
environmental technologies, highlights the opportunity that
Massachusetts has to not only lead all the other states, but
create partnerships and markets with those states for

Massachusetts technologies and products.

Respondents to State Clean Tech Policy Survey

Responding

Alaska Montana
Arizona New Hampshire
Arkansas New Jersey
California New York
Colorado North Carolina
Florida Ohio

Hawaii Pennsylvania
Idaho South Carolina
Towa Tennessee
Kentucky Texas

Maine Utah
Maryland Vermont
Michigan Virginia
Minnesota West Virginia
Missouri Wisconsin

Not Responding

Alabama Nevada
Connecticut New Mexico
Delaware North Dakota
Georgia Oklahoma
Tllinois Oregon
Indiana Rhode Island
Kansas South Dakota
Louisiana Washington
(Massachusetts) Wyoming
Mississippi

Nebraska
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he potential for environmental and health
regulations to spur innovation has been widely
described. But it is difficult to project economic
benefits of Clean Tech policies and mvestments.
Such figures have been estimated for many sectors, including
clean energy, but not for a whole Clean Tech agenda. Hence,
it is important to explore and outline the broad range of
benefits that have been documented and that could increase
if more investments were made and the right public policies
were in place. Future research could explore the economic
benefits question for particular sectors in greater detail, un-
derstanding that such assessments are mainly projections

based on complex models.

A literature review'’ conducted by the Economic Develop-
ment Research (EDR) Group demonstrated that a range of
economic, environmental, and social benefits could be realized
through the growth of Clean Tech oriented industries. A
key barrier to stimulating private investment is that the social
and broader public benefits don’t necessarily accrue to an
individual firm. Therefore, there is a need for governmental
co-investments and/or other action to promote certain mar-

kets until they become viable on their own.

While some environmental and social benefits, such as
moving towards environmentally preferable products and
technologies, may have an up front cost, they can lead to
economic benefit by avoiding health problems, increasing
productivity, reducing the need for future cleanup or remedi-
ation, and sustaining the systems on which we need to survive.
In addition, while it may be difficult to attach a dollar amount
to these environmental and social benefits, these are widely

believed to have value to society.
The EDR Group’s research shows that:

 Safer alternatives have significant societal benefits in terms
of reduction in chemical waste and exposure which harm
local plants, animals, and people. This technology requires
sophisticated skills and equipment that would enable
Massachusetts businesses to differentiate themselves further
as innovation leaders—the backbone of the Massachusetts

economy.

Economic, Environmental, and Social Benefits

Green buildings generate labor productivity increases
through improved shop-floor design efficiency and by im-
proving general morale through creation of a more healthy
and pleasant work environment. For Massachusetts, increased
construction of green buildings will likely spur technolog-
ical changes in design as well as equipment manufacturing.

It can also attract green-conscious businesses.

Recycling can act as a “gateway activity” by increasing con-
sciousness about resource use and waste disposal, leading
to other environmental behaviors. It also has recognized
impacts on the Massachusetts economy by reducing costs
to local businesses and municipalities, providing a local
source of materials for manufacturers and artisans, as

well as providing opportunities for innovative goods.

Emerging materials present significant opportunities

to create cleaner, safer, and more efficient production
processes. This would provide beneficial environmental
impacts to the state, and spur innovation in the manu-
facturing sector. Compatible with Massachusetts’ high-
skilled labor force and advanced technology industry,
development and adoption of advancing emerging
materials may also represent job replacement for mature

industries on the wane.

Investments in clean energy would diversify energy
sources, reduce the adverse environmental and economic
vulnerabilities from fossil fuels, and foster innovative,
knowledge-based industries by creating demand for local
energy production built upon efficient technologies. These
present opportunities for Massachusetts to provide solar,
wind and biofuels that would expedite growth in its inno-

vative economy and provide cleaner energy to businesses
and households.



Clean Tech: An Agenda for a Healthy Economy | 19

s discussed in the previous section, while there
is no way to truly calculate the full economic
benefits that will come to the state by investing
in a Clean Tech economic platform, there are
some direct and indirect costs to businesses and the state
of not doing so. Some of the greatest risks may include the
losses of:
* key export markets
» government and industrial grants and contracts for
research, development, and application
* key industries moving outside of the state for more favor-
able conditions or for direct incentives from other states
* intellectual capital from university graduates and academic

researchers seeking more forward-looking opportunities

Leading edge firms want to be in locales with other innovat-
ing firms. Any losses in business or intellectual capital could
have a snowballing effect and make Massachusetts lose its
competitive edge and ability to track companies, research

and investment.

These potential losses are most profound when examining
specific sectors and their response to Clean Tech oriented
policies from other markets. As a recent example, the Eco-
nomic Development Research (EDR) Group examined the
impacts to the Massachusetts economy if the state’s firms
did not comply with the 2006 European Union directive
for Reduction of Hazardous Substances (RoHS)."?

RoHs promotes safer alternatives to toxic chemicals by
restricting the use of lead, mercury, cadmium, hexavalent
chromium, polybrominated biphenyls and polybrominated
diphenyl ethers in the Computer and Electronics sector
and in the Electric Equipment, Component, and Appliance
manufacturing sector (NAICs 334 and 335). Such measures
are underway in other parts of the world. China and Korea
have implemented similar regulations; state-mandated changes
regarding waste from electrical equipment and electronics
have been adopted in California, and Australia; and Canada
and Taiwan are in the process of advancing similar regula-
tions. The EU is considering including medical equipment
and monitoring/control equipment, as well as additional

hazardous substances, in the future.

The Economic Costs of Not Acting

EDR found that Massachusetts exports annually approxi-
mately $2.6 billion of electronic manufactured products to
Europe that are covered under the RoHs initiative. These
companies directly employ 4,000 people, and indirectly em-
ploy an additional 5,450 in their supply chains. These are well
paid jobs, averaging $113,250 per worker, including fringe, for
the direct employees, as compared to $57,475 for the average
Massachusetts worker. These are jobs that would have been
lost if these companies did not comply with the RoHs initia-
tive and the companies could not replace these markets. This
would have had an impact throughout the supply chain,

and on consumer spending,

Product manufacturers and their supply chains have incurred
costs and continue to do so to comply with this law, in order
to preserve or gain market share. There is no study of the
potential lost sales from Massachusetts firms to the EU as a
result of RoHs, but a sample of 200 U.S. firms showed that
29% have incurred lost or delayed sales into the EU due to
the law—averaging $1.84 million per firm. On the positive
side, proactive first-mover firms are citing advantages such
as improved supply chain processes (25% of those surveyed),
rationalized product lines (20%) and increased market
shares (15%).

As new substances are added to ROHS and additional
directives come on line elsewhere, companies that are knowl-
edgeable and experienced in switching to less toxic alternatives
will have a clear advantage in the marketplace. Firms who
track these trends, understand the issues, and comply with
international laws will also have a competitive advantage

in places where chemical restrictions do not yet exist, as cus-
tomer demand for safer products increases. If Massachusetts
firms don’t have the information and tools they need to
understand chemical hazards and alternatives and be com-
pliant with these directives, important jobs become at risk

in the state’s economy.
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hat role can Massachusetts play in building
a strong economy based on a cleaner, healthier
way of doing business? Ten overarching
themes and many recommendations specific
to each of the five Clean Tech areas emerged in the stake-
holder roundtables, Advisory Committee meetings, and in-
dividual discussions held for this project. These actions can
send a strong signal to the marketplace that will show the state
1s willing to provide long-term support for clean technologies,
and 1s committed to creating competitive conditions for their

development and implementation.

Many of the recommendations are no or low cost. They
involve public leadership and coordinating of existing pro-
grams and agencies. Others are higher cost but, given market
trends, increasingly limited resources, and growing informa-
tion about the impacts of exposure to toxic substances, climate
change, and resource depletion, the economic benefits over

the medium to long term should well outweigh the costs.

Ten Ways to Support a Clean Tech Economy

1. Create a “Clean Tech Blueprint” for Massachusetts That
Establishes a Clear Vision, Goals, Metrics, and Leadership
Roles. By articulating a clear vision, goals (including per-
formance standards such as energy efficiency, recycled
content, or toxicity), and desired environmental and public
health outcomes, government can set the parameters under
which companies in the marketplace develop new technol-
ogies, and create conditions for those to thrive. This blue-
print would set the stage for innovation in new technologies
that meet its vision and outcomes, in addition to setting
criteria by which government and investors can evaluate
and choose specific technologies. The Blueprint would set
the roles for various agencies, and metrics that would be
evaluated as part of the Competitiveness Index of the
Massachusetts Green Innovation Economy (see #3 below).
e Cost: Low to medium. Could be done in-house or through

consulling services. A more public process would increase costs

related to coordination.

Policy Recommendations

. Create a Massachusetts Brand or Identity for all Clean Tech

Activity. By creating an identity that promotes Massachu-
setts as a hub of activity for all types of clean technologies,
the state has the potential to emerge as a Clean Tech
powerhouse that attracts investment, research, and business
activity. Creating this identity would include developing a
central web portal that posts state research, patents, fund-
ing, resources, products, events, etc; preparing marketing
materials that can be used nationally and internationally
to attract businesses and investors; creating an outreach
program to encourage the purchase of locally manufac-
tured products; and using the bully pulpit of state leaders
to promote Clean Tech activities and achievements.

o Cost: Medium. Would involve some initial and ongoing costs

of developing and maintaining branding materials and resources

. Track Massachusetts’ Competitiveness by Creating an

“Index of the Massachusetts Green Innovation Economy.”
Similar to the John Adams Index of the Massachusetts Inno-
vation Economy, the Green Innovation Index would deter-
mine indicators that are important in creating the Clean
Tech economy, measure these indicators, and compare
our progress in meeting them against other states that are
Clean Tech leaders. It would also evaluate Massachusetts’
progress in meeting the goals and metrics articulated in
the Clean Tech Blueprint, and would be updated every
two years. California is already using such an index."

e Cost: Low. Could be done in-house or through consultant.

. Create a State Office of Clean Technology (or Clean Tech

Coordinating Council. The state should institutionalize

its Clean Tech Blueprint with the establishment of a
governance and support structure to advance the vision.
This can be done either through the establishment of a
new State Office of Clean Technology or a Clean Tech
Coordinating Council comprised of the directors of all
key state agencies who would have a role in implementing
and updating the Blueprint. The coordinating council
would identify programs, services, and policies that would
meet the Blueprint goals, drawing on the experiences

of previous state environmental technology assistance

programs (such as STEP and the Chelsea Center for
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Recycling and Economic Development), as well as that

of other states and countries.

o Cost: Low to medium, depending on whether an entirely new
office is created or if a coordinating council is established, Costs
could tnvolve coordination or reorganization of existing staff

or entrely new staff.

. Create Regional Clean Tech Centers of Excellence. A network
of Regional Centers of Excellence would bring together
leading businesses, researchers, labor leaders, environmental
and health advocates, and researchers to identify and im-
plement cutting-edge research, create partnerships, apply
for funding, and act as a clearinghouse for Clean Tech
information. Within Massachusetts, this set of regional
centers should extend to all major regions.

o Cost: Low lo medium. Could be done through the regional offices
of the Massachusetts Office of Business Development, Small
Business Development Centers, colleges and universities, or other
entities. Could be gradually phased in throughout the state as

funds become more available.

. Stimulate Collaboration and Cross-Fertilization of Tech-
nologies. The state should help foster a culture of collab-
oration, which was reported by businesses and researchers
to not now exist, by encouraging cross-fertilization within
and among technologies, including industries that have the
potential to be “clean” but may not yet be so. This cross-
fertilization would help define business, government,
environmental and health priorities; spread current best
practices; identify public and private needs for assistance;
link people with resources; and create industry-education-
government partnerships that can be on the forefront of
innovation and adoption and help bring in more funding
The roundtable meetings created for this project provide
a good model for future efforts, involving the full range
of stakeholders.
e Cost: Low to medium. Could be done by existing staff- Might
mvolve costs related to organizing, publicizing and holding events,

creating outreach and informational materials, etc.

. Support Manufacturing as a Viable Sector. Manufacturing
1s still an important part of the Massachusetts economy, and
should be treated as a priority equal to the state’s knowl-
edge sector. State officials must market and strengthen the

Commonwealth’s unique capacity for high-end, first-run,

niche manufacturing in all parts of the Clean Tech supply
chain, so that it can thrive in the long term. In addition,
the state’s manufacturers should be assisted in adopting
environmental practices to help them stay competitive
by saving energy, recycling wastes, and using less toxic
substances.

o Cost: Low lo medium, depending on level of actions—

Jfrom marketing in and out of state, to technical assistance.

8. Develop a Trained Workforce. The growing Clean Tech

economy will need people of all skill levels to fill positions.
To effectively build this workforce, business and labor leaders,
community colleges, vocational technology schools, and
workforce investment boards, regional employment boards,
one-stop career centers and other training agencies should
be brought together to identify current and future work-
force needs and how to fill them. Green jobs legislation
should cover green jobs beyond the energy sector, and
training programs should be funded to develop the needed
workforce. An annual report should be created on green
jobs employment and forecasts, including sectors, skill
levels, and training needs.

o Cost: Medium to hugh, depending on level of traning.

9. Regulate, Procure, and Invest. The state needs to show that

it will provide long-term support for clean technologies and
1s committed to creating competitive conditions for their
development and implementation. These market signals
can help give entrepreneurs the confidence to innovate and
spur change. However, any policies or specifications should
encourage continuous improvement, not a static solution.

e Cost: Medum to high, depending on level and type of investments.

10. Take Risks to Spur Innovations. Agencies and programs
that fund Clean Tech activities should be a little less risk
averse when determining projects to fund. Even if a
project fails, there 1s still something to learn and benefits
that can be gained. Being less cautious may yield exciting
breakthroughs.

o Cost: Unknown, may not mean big changes in_funding levels,

vs. changing the way things are funded.
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Five Technology-Specific Recommendations
Many ideas were recommended to grow the five key technology
areas and include roles for the public and private sectors.
These are detailed in Appendix I. The recommendations
below incorporate or support many of those ideas, focusing

on public sector actions.

1. Safer Alternatives to Toxic Chemicals

Pass key policies on Safer Chemicals and Products

The Governor should issue A Green Chemustry Executive Order
that would define green chemistry, establish state policy, and
provide funding and other incentives to encourage the research
and use of safer, less toxic, or non-toxic chemical alternatives
to hazardous substances in Massachusetts. An executive order
of this kind should include defining the scope and priorities
of a Green Chemistry Program, building a resource clear-
inghouse of Green Chemistry activities in the state, building
support and commitments from key stakeholders to advance
Green Chemistry in Massachusetts, developing education and
outreach opportunities, recognizing and rewarding green
chemistry achievements, and advancing long-term Green
Chemistry directions by building on Massachusetts’ existing
capacity. Alternatively, this action could be accomplished
through legislation. Either option would involve the Legisla-

ture in funding the program.

Ultimately a Green Chemistry center housed either in the
state Office of Technical Assistance or a university would
provide a “home” to highlight Massachusetts’ research and
accomplishments as well as to train existing and new leaders
in the field. A recently established Executive Directive for
Green Chemistry Research and Development in Michigan
and subsequent action plan could serve as the foundation

for a Massachusetts model.

The Legislature should pass the Safer Alternatives bill, which
establishes a policy framework that builds on the state’s suc-
cessful toxics use reduction model. It would focus on tools,
regulations, and incentives that promote the transition towards
alternative, less toxic materials and products and protect
Massachusetts’ workers, residents, and eco-systems.
o Cost: medium lo high. Could be paid in whole or part_from filing
Jees from the Toxics Use Reduction Act. Costs to businesses should
be offset by savings in toxic chemical use and retention or increase in

market share.

2. Green Building

Create an implementation plan for the recommendations

of the governor’s Zero Net Energy Building Task Force, priori-
tizing data collection and dissemination, and energy rating
and certification.

In Massachusetts, the most recent available data (from 2005)
indicate that residential and commercial buildings account
for 56 percent of the state’s annual energy consumption and
35 percent of the state’s carbon dioxide emissions. As a result,
Governor Patrick called for the creation of a Zero Net Energy
Building Task Force that would put the state in the forefront
of creating buildings that will eventually generate at least

as much energy as they use.

The Task Force’s recommendations' cover performance
standards, measurement, incentives, workforce development,
and continuous improvement in public, commercial, and

residential buildings.

These are far-reaching recommendations that, when imple-
mented, will not only reduce the energy demand of these
buildings, but incubate a market for technologies and services

that can meet similar needs around the world.

These recommendations should be adopted and a plan

developed to move forward on their implementation, with a

priority on 1) developing a system for collecting and tracking

information on energy use in buildings, and 2) creating an

annual energy rating standard and building certification

that would be available to tenants and property buyers.

o Cost: costs will be highest for the private sector, but should be off-
set by savings in energy use and increased demand for more energy

efficient buildings

3. Materials Reuse and Recycling

Reestablish a stable funding mechanism adequate to double
the State’s recycling and waste reduction rates.

Recycling not only reduces environmental impacts and
greenhouse gas generation associating with mining, processing,
and transportation of raw materials, it can help local com-
munities reduce the costs of waste disposal, provide inputs
for local manufacturers to make new products, and create
many more jobs in collection, processing, and reuse than
does garbage disposal. For example, approximately one third
of garbage is comprised of food and yard waste and other
organic materials. These can be composted and returned to

the soil where they add nutrients and increase the soil’s ability
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to capture carbon, but new systems must be put in place to
do this. In order to significantly increase the state’s recycling
rate, and realize the associated economic and environmental
benefits, investments are needed in education, enforcement
of bans on disposal of certain waste materials, next-generation
collection and processing infrastructure, development of
programs that encourage waste reduction and design for
recyclability, research to develop and test new ways to use
secondary materials, and in technical and business assistance
and incentives to increase the use of recyclable materials by

Massachusetts manufacturers.

In the past, the state recycling programs were funded through
the Clean Environment Fund (CEF), which was comprised of
unredeemed deposits from the bottle bill. Additional funding
for recycling market development was provided from 1995
through 2003 by the former STrategic Envirotechnology
Partnership, STEP.

Unredeemed deposits—from bottles that were recycled

in curbside and drop-off’ programs without redeeming the

deposit, or thrown away—generated close to $40 million in

state revenues in 2008. This money now goes into the general

fund, rather than to support recycling, and the state’s recycling

budget has plummeted. Not surprisingly; its recycling rate also

leveled off. The Clean Environment Fund should be reinstated

for its original purpose; 100% of the unredeemed deposits

from the proposed Expanded Bottle Bill, if it passes, put

to use supporting recycling and waste reduction programs;

a surcharge levied on the disposal of solid waste as 35 other

states do; and/or some other mechanism found to support

a transition from a wasting to a recycling economy.

o Cost: hugh, but will be paid for by consumers through waste dis-
posal surcharges or unredeemed boltle deposits, and will be offset
through savings in garbage disposal and increased economic activity

wn recycling.

4. Emerging Materials

Biobased Materials

Adopt the Sustainable Biomaterials Collaborative
guidelines as criteria for state purchasing and
research and development investment

A “biomaterial” is any material made from annually renew-
able plant matter (as opposed to non-renewable prehistoric
plant material, fossil fuels), including agricultural crops and
residues, and trees. Sustainable biomaterials are those that

are (1) sourced from sustainably grown and harvested crop-

Sustainable Biomaterials Principles

As endorsed by the Sustainable Biomaterials Collaborative,

www.sustainablebiomaterials.org

« Reduce the amount of material, product and
packaging used

+ Eliminate single-use products that can be neither
recycled nor composted

- Avoid fossil-fuel-based materials in favor of materials
and products derived from renewable feedstocks

«  Address sustainability across the life cycle of the material:
the growing of the feedstock, manufacturing of the
biomaterial and final product, using the product and
reclaiming the material at the end of its original use

- Define sustainability to include issues of environment,
health, and social and economic justice

- Design and use products that are reusable, recyclable
or compostable

+ Encourage agricultural systems that are sustainable for
farmers, the environment, farm workers and communities

«  Support small- to mid-sized family-owned and -operated
farms

« Do not use genetically modified organisms in
agricultural feedstock production

+ Use chemicals that meet the 12 Principles of Green
Chemistry

- Avoid engineered nanomaterials and chemicals that
have not been tested for environmental and public
health effects across the lifecycle

. Decentralize production and buy local to reduce the
environmental footprint of production, transportation,
and consumption.

land or forests, (2) manufactured without hazardous inputs
and impacts, (3) healthy and safe for the environment during
use, and (4) designed to be reutilized at the end of their

intended use such as via recycling or composting

While biomaterials have the potential to reap environmental
benefits, they can also be developed in ways that do not allow
this to happen, including competing for food crops, using
unsustainable agricultural practices, and creating products that
contaminate recycling streams. The Sustainable Biomaterials
Collaborative worked with businesses, recycling professionals,

and academics, as well as advocates focused on environmental
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health, environmental justice, and rural communities, to devel-
op principles and guidelines that help guide the development
of biomaterials that are better for the environment. These
guidelines cover feedstocks, life-cycle issues, genetically mod-

ified organisms, chemicals, and production systems.

These guidelines should be adopted by the state through
executive order or legislation, and used as requirements for
funding research and development, as well as for procuring
products with state funds. This will encourage researchers and
entrepreneurs to create products and technologies that genu-
inely are better for the environment throughout their life cycles.
o Cost: Neutral, although there may be higher costs imitially of
purchasing biomalerials that meet the Sustainable Bio-materials

Collaborative guidelines.

Nanomaterials

Advocate that more federal funding be dedicated to
assessing health and safety aspects of nanomaterials,
and strive to double the Massachusetts share of fed-
eral research funds, matched with increasing state
Sunding, in this area to create a Signature Research
Center Initiative.

Nanoparticles have tremendous potential to reap environ-
mental benefits, but real concerns exist about their environ-
mental, health and safety risks as well. The federal research
budget for nanotechnology risk for Fiscal Year 2010 is about
5.5% of the overall federal nanotechnology budget. To help
ensure that risks from nanoparticles in manufacturing and

commercial use are minimized, this amount must be increased.

Congress has passed the National Nanotechnology Initiative
Amendments Act of 2009 (H.R. 554), which highlights the
growing need to learn more about the possible dangers posed

by some nanoscale materials.

Massachusetts should encourage its two senators to support
the bill when it comes to a vote in the Senate, and work with
the state’s nanotechnology research centers to double the
amount of federal funding coming into the state. These funds
would go towards the establishment of a Sustainable Nanoma-

terials Signature Research Program.

This program, started with federal and dedicated state funds,

would provide research grants to establish at least two to three

Signature Research Centers for Sustainable Nanomaterials,
housed at universities in the state. A model for such investment
is the Signature Research Center Initiatives program, estab-
lished by the state Economic and Community Development
Division in Oregon. These establish investments in three
Signature Research Centers committed to accelerating the
commercialization of cutting-edge research and facilitating
public-private partnerships that anchor next-generation
industries in Oregon: Nanoscience and Microtechnologies
Institute; Translational Research and Drug Development
Institute; and Built Environment and Sustainable Technology.
Massachusetts can link its research centers to key industries
such as solar energy, life sciences, and pharmaceuticals.

* Cost: Low, and could bring research dollars into the state

5. Clean Energy:

Define what clean energy is

Good definitions and guidelines can spur innovation in

the desired direction. Despite all of the activity to promote
the development and use of clean energy, the state has not
developed principles or criteria that define what clean energy
is, leaving the door open for promotion of technologies that
might not actually meet the state’s interest in developing

clean energy sources.

The state should adopt a strong and clear definition of
what constitutes clean energy, perhaps even having categories
of ”clean, cleaner, cleanest.” An ideal definition would at a
minimum include the following elements: the energy should
be from natural and renewable resources that replenish them-
selves in a certain period of time and don’t degrade the envi-
ronment by their extraction or use; it should be locally pro-
duced, and not cause the buildup of global warming gasses
or toxins in the atmosphere or produce waste; it should only
create a certain amount of greenhouse gasses per BTU;

or, it should avoid the generation of energy altogether, such

as conservation or efficiency measures.

Legislation, funding for research and development, and other
mcentives should reflect this definition, and technologies would
then be nurtured and used that move towards and meet these
criteria. This would send a clear message to the marketplace
that would lead to innovation and adoption of technologies
that are truly clean.

e Cost: Low
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Implementation

chieving broad and comprehensive transition
to a Clean Tech economy will require effort on
the part of many public and private entities,
including the governor, legislature, Secretariats
of Environmental and Economic Affairs, colleges and uni-

versities, businesses, labor, and environmental groups.

The Governor. Provide leadership on articulating a vision, using
the bully pulpit to send signals to the marketplace, create ex-
ecutive orders, develop the Clean Tech Blueprint, introduce
relevant legislation, set priorities for and coordinate his exec-
utive offices, and advocate for federal policies that support

Clean Tech research and development;

The Legislature. Support legislation such as the Safer Alter-
natives and Expanded Bottle Bills and other policies that
support a Clean Tech marketplace, appropriate funding for
research and for the state’s recycling programs, create regional
Centers of Excellence, and create tax and other incentives
for Clean Tech;

The Executive Office of Environmental Affairs. Host an Office
of Clean Tech, coordinate task forces and roundtables, set
benchmarks for environmental achievement, streamline per-
mitting hurdles, administer grants, provide technical assistance

and guidance, and refine the definition of clean energy;

The Executive Office of Housing and Economic Development.
Assign an industry expert to work with all Clean Tech busi-
nesses, convene stakeholders to work together to de-fragment
industries and create partnerships, help businesses transition
to Clean Tech, create a Clean Tech brand or identity, retain
and attract new Clean Tech businesses, coordinate federal

funding applications;

The Executive Office of Labor and Workforce Development.
Define, track and forecast green jobs and provide training

for green jobs of the future;

Public and Private Colleges and Universities. Conduct research
on all aspects of clean technologies, cultivate and license new
technology breakthroughs and create spin-off’ businesses,

develop curricula, and lead centers of excellence;

Trade Unions, Vocational Schools, Workforce Investment

Boards, Regional Employment Boards, Community-based
Workforce Development Organizations, and Community
Colleges. Help train workers for Clean Tech jobs;

The John Adams Innovation Institute. Develop, track, and

report on indictors of the Green Innovation Economys;

The Massachusetts Office of International Trade and Invest-
ment and the Massachusetts Export Center. Help develop
international markets for Massachusetts companies, track

exports, and attract investments;

Private Sector Entrepreneurs and Financiers. Develop and
invest in Clean Tech businesses in this state and encourage
others to do the same, help spread the word that Massachu-
setts 1s an inviting place for Clean Tech, provide products

and services, and advocate for responsible policies; and

Environmental Groups. Advocate for cutting-edge policies
that push the envelope for environmental protection, promote
the most environmentally sound solutions and technologies,
and educate the public on the benefits for health, jobs, and

the economy of cleaner products and processes.
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For Massachusetts

lean technologies encompass a wide range

of activities and products that are better for

people, our economy, and our environment.

Massachusetts has ready expertise in the five
technology areas identified in this report and in many others.
The need is growing worldwide for other clean technologies
that Massachusetts’ knowledge, innovation, and skill can help
fill, such as water conservation and infrastructure, wastewater

treatment, sustainability measures, and organic agriculture.

Our Governor and legislative leaders can bring together
government, business, academic, finance, and NGO profes-
sionals to identify, advocate for, and pass local and national
legislation that encourages Clean Tech activity, nurtures
research, encourages partnerships among and between
technologies, and take other steps outlined in this report

to create an environment that makes Massachusetts the

center of knowledge and activity on Clean Tech.

Whether and how we achieve this vision
in the future will depend on the policies and
programs that we put in place today. Massa-
chusetts has an unprecedented opportunity
to turn environmental protection into a

vibrant and long-term, sustainable economy.

A Clean Tech initiative in Massachusetts can bring together
the well-respected strengths of Massachusetts businesses and
nstitutions to lead the transition to safer technologies that
serve the local as well as global marketplace. Massachusetts
has an opportunity right now to start taking steps to make

it the place where:

Clean Tech—A Competitive Differentiator

» Companies compete actively to make the safest, most
environmentally benign and most effective products and
processes for local and global markets;

* Regular new breakthroughs in technologies that are less
toxic, polluting, and/or wasteful are creating safer products
and services to meet world demands;

* Significant federal dollars and private investments
support our cutting-edge research into next-generation
clean technologies;

* Our energy demands are greatly reduced through in-
vestment in conservation and efficiency techniques, and
our remaining energy needs are met through renewable
resources, such as wind, solar, and biomass;

e Our air, water, and land are cleaner because our wastes
are turned back into new products rather than buried
or burned;

*  Our population is healthier because our homes, workplaces,
and the products we use do not poison the air we breathe,
the ground or waters where our food grows, or the water
we drink;

*  Our firms provide good, secure jobs, from entry-level
to executive, in safe and healthy workplaces;

* Entreprencurs and individuals are clamoring to come to
Massachusetts and take advantage of the healthy environ-
ment, good jobs, and wealth of intellectual and physical
resources we have in clean technologies; and

*  Our tax base is growing, allowing us to have a truly

healthy economy in all senses of the phrase.

Whether and how we achieve this vision in the future will
depend on the policies and programs that we put in place
today. Massachusetts has an unprecedented opportunity to
turn environmental protection into a vibrant and long-term,
sustainable economy. This means building a Clean Tech
economy that is broader than the current focus on clean
energy alone. Recognizing and supporting the full existing

and emerging Clean Tech industry is critical to that vision.
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@ Appendix |

Additional Ways to Build the Massachusetts Clean Tech Sector

any ideas were suggested to move each of
the five clean technology sectors forward
in the interviews, research, and eight stake-
holder Roundtables conducted as part of
this project. They are captured below. Some are applicable
to the private sector, others to government. The recommen-

dations in the body of this report drew from these ideas.

Green Building

* Sponsor research on costs and benefits of green building
measures.

* Encourage measurement and monitoring of energy
use and indoor environmental quality through systems.
controls, software, and monitoring technologies, and
begin training people for related jobs.

*  Market Massachusetts sustainably harvested wood as
a brand.

* Create financial incentives to encourage investment
in green buildings, and broad adoption of green building
practices and products, such as carbon tax, differential
insurance rates, property tax reductions.

* Standardize quality control by creating or supporting
training and certification programs for green-building
contractors, including electricians, builders, plumbers, etc.

*  Develop ways to more affordably retrofit older, existing
building stock, and publicize best practices.

* Make the voluntary “stretch” energy efficiency code
mandatory.

 Identify buildings products that can be manufactured
locally to receive LEED™ points, and brand them as
being Made in Massachusetts.

 Facilitate aggregated purchase of green building materials
for public and private developers.

* Encourage local governments to enact planning codes
that are more stringent than state building codes

e Identify future job and training needs.

* Look at more opportunities for deconstruction and building
materials reuse.

e Create a green building tax credit.

* Create an energy efficiency rating standard for buildings,

and require owners to disclose it to tenants and buyers.

I

4—-—"‘" B
The Capuano Early Childhood Center in Somerville
was envisioned as a model high-performance facility,
able to teach sustainability by example. It is the first
Massachusetts public school to register with the
LEED program.

* Require an accounting of carbon footprints, including
those related to transportation and products, along with
a mitigation and reduction plan, as part of the building
permit process for MEPA, cities, and towns.

* Mandate data tracking for building performance, priori-
tizing energy consumption, to measure performance over
time and encourage reductions towards measured goals.

* Encourage local governments to create sustainability
master plans or overlay districts that take into account,
at a minimum, energy, water, habitat, and transportation.

* Tie metrics to state and local energy and Greenhouse
Gas Reduction Plan goals.

* Create funding mechanism that will help push demand

for green buildings.
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Emerging Materials

Lead the national discussion on defining what is “clean”
or “cleaner,” and define areas for such development.
Fund research into identifying environmental and health
benefits, hazards, and risks throughout lifecycle and in
different environments.

Develop guidance on how and where to adopt advanced
materials.

Provide guidelines and training on how to manage envi-
ronmental and health safety risks.

Continue research and adoption on manufacturing these
materials in a more environmentally benign way.
Develop local and state ordinances that give companies
clear direction on managing nanoparticles.

Support development of monitoring technologies for
nanoparticles.

Promote collaboration with related sectors to find new

applications.

Clean Energy

Help early-stage companies test and adopt their tech-
nologies locally.

Update the Commonwealth’s Renewable Portfolio Stan-
dard (RPS) to require a higher fraction of generation to
be renewable.

Cultivate culture of experimentation by encouraging

more university investment in research.

Expand well-planned public transportation opportunities.

Use more peer review to choose state-funded projects.
Develop collaborations with other states.
Find ways to shorten the payback of energy conservation

efforts.

Materials Reuse

Reinstate the Clean Environment Fund, or significantly
increase recycling funding through another mechanism.
Support research into new uses for scrap materials.

Assist industries in incorporating recycled feedstocks.
Increase diversion of paper from waste stream.

Set standards and require certification of recycled con-
tent for state’s EPP program.

Ensure that waste-to-energy technologies don’t compete
with the recycling industry.

Adopt zero waste goals and develop programs to reach them.
Work with farms in the state to host compost operations
for urban and suburban generators.

Create new ways to recycle construction and demolition
materials.

Work through agricultural extension agencies to promote
more composting and compost application.

Work with MassHighway to utilize more recycled products.
Create a standing committee comprised of DEP and
DOER to focus on understanding and quantifying energy

conservation benefits of materials reuse.

Safer Alternatives

Pass Safer Alternatives Bill.

Educate all sectors about importance of safer alternatives.
Develop specifications and regulations to help spur research,
procurement, innovation, and technology adoption.
Create program to underwrite costs of testing to help
companies bring products to market.

Assist companies in identifying safer alternatives to meet
their specific needs.

Expand Toxics Use Reduction model to other chemicals,
businesses, and products.

Engage Massachusetts companies that face European
environmental regulations and help them with supply

chain management, information technology, and more.
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@ Appendix I:

Participants in Clean Teach Discussions

The Clean Tech Initiative would like to thank all the people who participated

in the Roundtable discussions and interviews:

e Brian Ahern, Next Generation Energy Corp, Boxboro
e (Carol Alon, LEED Inc., Great Barrington
* Joseph April, MassBay Community College,
Wellesley Hills
e Moneer Azzamm, SolarOne Solutions, Framingham
* Jack Bailey, Bose Corporation, Framingham
* John Bantjes, Texon USA, Russell

* Wayne Bates, Capaccio Environmental Engineering, Inc.

Marlboro

* Dolly Batra, TIAX, LL.C, Cambridge

e Jeffrey Beam, Masters of City Planning and Real Estate
Development Candidate, Department of Urban Studies
and Planning, MIT Cambridge

* Jon Beekman, SEA Consulting, Framingham

* Linda Benevides, Executive Office of Energy and
Environmental Affairs, Boston

e Jeff Bentley, CellTech Power ,Westborough

* Bonnie Biocchi, Mass Office of Business Development,
Devens

* Rich Bizzozero, Office of Technical Assistance
for Pollution Prevention Boston

e June Black, Office of Congresswoman Niki Tsongas,
Lawrence

* Natalie Blais, Office of Congressman John Olver,
Holyoke

* Daniel Bosley, Joint Committee on Economic
Development and Emerging Technologies,
First Berkshire and parts of Franklin Counties

* Heather Boulger, Regional Employment Board Pittsfield

* Donald (Brad) Bradshaw, Jr. , Massachusetts Hydrogen
Coalition, Beverly

* Robert Brandt ,Office of Chairman Daniel Bosley,
Boston

* Ron Brumback, Certal.ogic, Inc., Sudbury

* Jamie Cahillane, Center for Ecological Technology,
Pittsfield

*  George Camougis

Amy Cannon, Beyond Benign, Woburn

Norman Chagnon, Third Frontier Project, Ohio

Noah Chesmin, Green Roundtable, Boston

Steven Clarke, Massachusetts Executive Office

of Energy and Environmental Affairs, Boston

Ed Connelly, New Ecology, Cambridge

Paul Cronin, Axcelus, Andover

Patricia Crosby, Franklin Hampshire Regional
Employment Board, Greenfield

Mary Cuticchia, Merrimack Valley Economic
Development Council, Lawrence

Elise Dauksevicz, Alpha Chemical Services Inc.,
Stoughton

James Devol, Gilbane Building Company, Providence
Matt Dindio ,Office of Mayor James Ruberto, Pittsfield
Patty Dillon

Benjamin B. Downing, State Senator, Pittsfield

Bob Dvorchik, Western Mass Electric Co., Pittsfield
Carolyn Dykema, Representative-Elect,

8th Middlesex District

Jamie Eldridge, Senator-Elect Middlesex and Worcester
Pam Eliason, Toxics Use Reduction Institute,
University of Massachusetts Lowell

John Fabel, Sun Ethanol Inc., Jattra Ventures, Hadley
Quiduo Fan, Department of Textile Sciences,

UMass Dartmouth College of Engineering

Fran Feinerman, Berkshire Community College, Pittsfield
Howard Ferris, MassBay Community College, Ashland
Kip Foley, Cover Technologies, Springfield

R. Marc Fournier, Massachusetts Department of
Environmental Protection Boston

Bruce Fulford

Larry Friedman, University of Pittsburgh

Jenny Gitlitz, Title? Green Depot, Dalton

Leon R. Glicksman, Building Technology and
Mechanical Engineering Dept, MIT

James Goldstein, Tellus Institute, Boston
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Orit Goldstein, Ozzy Properties, Inc., N. Andover
Marsha Gorden, The Resource Technologies Group,
Cambridge

Bill Goss, Quality and Environmental Consulting Group,
Amesbury

Danielle Gregoire, Representative-Elect 4th

Middlesex District

Jan Gudell ,Photovolt Tech, N-Star Westwood

Stacie Hargis, Office of Congresswoman Niki Tsongas,
Lowell

Benjamin Healy, Office of Representative Frank Smizik,
Boston

Megan Herrick, Office of Congressman John Olver,
Pittsfield

Adam Hersch, Cavalier Management, Pittsfield

Jenny Hersch, Housatonic River Museum, Pittsfield
Rob Howe, Sustainnovation Consulting, Concord
Sherry Hubbard, Ohio Department of Development,
Ohio

Eric Hudson

Daniel Hunt, Office of Representative Daniel Bosley,
Boston

Jacqueline Isaacs, Northeastern University Center

for High-rate Nanotechnology, Boston

Karl Jessen, MA Renewable Energy Trust,

Mass Technology Collaborative, Westborough

Annie Johnson, New England Clean Energy Council,
Cambridge

Ray Johnson, MassHousing, Boston Dick Jones, Boston
Community Capital, Boston

William Judd, Industrial Compliance Group,
Framingham

Shawn Konary, Mirant, Cambridge

Allyson Kroll, Office of Senator Benjamin B. Downing,
Pittsfield

Linda LaDuc, George W. Spiro Business Communication

Program, UMass Amherst

Peter Larkin, Public Policy Advisors, Boylston

William Lazonick, UMass Lowell Center for Industrial
Competitiveness

Wyndham Lewis, Massachusetts High Tech Council,
Waltham

Sam Lipson, Cambridge Dept Public Health
Raymond Lizotte, American Power Conversion,
North Billerica

Allan MacGregor, Northern Essex Community College,
Haverhill

Pam Malumphy, Massachusetts Office of Business
Development, Pittsfield

Larry Martin, Hampden County Regional Employment
Board, Springfield

Carlos Martinez-Vela, MIG Industrial Performance
Center, Cambridge

Kevin McCarthy, British Consulate General, Cambridge
Steve McCarthy, UMass Lowell Institute for Plastics
Innovation

John McNabb

Joey Mead, Professor of Plastics Engineering, UMass
Lowell

Jill Michaels, Vermont Environmental Consortium,
Vermont

Catherine Miller, Pioneer Valley Planning Commission,
W. Springfield

Greg Morose, Toxics Use Reduction Institute,

UMass Lowell

Mark Myles, Sustainnovation Consulting, Concord
Aram Nadjarian, California Environmental Protection
Agency, California

Ramaswamy Nagarajan, Plastics Engineering
Department, UMass Lowell

Chad Nelson, Center for Energy Efficiency and
Renewable Energy, Amherst

David Newman, Millipore Corporation, Billerica

Joe Nickerson

Jim Noel, Crane and Co., Dalton

Nancy Nylen, Center for Ecological Technology, Pittsfield
Tom O’Donnell, TIAX, LLC Cambridge

Tracey Ogden, Geothermal Drilling of New England,
Lowell

Jason Ostrander, Office of Congressman John Olver,
Pittstield

Dwight Peavey US EPA Region 1 Boston

William Pezzoni, Mirick O’Connell, Westborough
Linda Plano, Massachusetts Technology Transfer Center,
Cambridge

Kathryn Prybylski, Groundwork Lawrence, Inc.,
Lawrence

Dariusz Rackowski, Bond Brothers Engineering, Everett
Laura Rauwerda, Michigan Department of

Environmental Quality, Michigan
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* Paul Raverta, Berkshire Community College, Pittsfield

* Jonathan Reich, N-Star, Westwood

e Tom Ricciardelli

e Paul Richard, Warner-Babcock Institute for Green
Chemistry, Woburn

e Pam Richardson, Representative Boston

¢ Scott Richardson, Gorman Richardson Architects,
Hopkinton

¢ Rick Riebstein, Office of Technical Assistance for
Pollution Prevention; Executive Office of Energy and
Environmental Affairs, Boston

* Leah Robins, Office of Rep. Elect Carolyn Dykema,
Boston

* Stephen Roche, The Victory Group, Boston

* David Rooney, Berkshire Economic Development
Council, Pittsfield

* Daniel Schmidt, Dep’t of Plastics Engineering,
UMass Lowell

e Steve Sears, GreenThink LLLC, Dalton

¢ Ted Semensnyei, Merrimack Valley Planning
Commission, Haverhill

*  Gary Sidell, Bell Tower Square Management,
LLC Lawrence

* Ron Smith, Ohio Environmental Protection Agency,
Ohio

e Madeline Snow, UMass Lowell

» Karen Spilka, Senator, 2nd Middlesex and Norfolk
District, Boston

* Andy St.Pierre, Crane and Co., Dalton

Endnotes
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Eduardo Suarez, El Mercado, Holyoke

Adam Sugarman, Solar Sugar, Pittsfield

Maggie Super-Church, Union Crossing, Lawrence
Mike Supranowicz, Berkshires Chamber of Commerce,
Pittsfield

Brian Sutton, Berkshire Green Builders, Great Barrington
Chis Swan

Tom Tomaszek

Dave Turcotte, UMass Lowell Center for Family Work
and Community

Frank Urro, The Tsunami Green Project, Billerica
James Utterback, Massachusetts Institute of Technology,
Cambridge

Quincy Vale, Powerhouse Enterprise, Lawrence

Mary Vogel, The Construction Institute, Boston

Loren Walker, UMass Amherst

Kurt Warms, Environmental Advisor Associates, Dudley
John Warner, Warner-Babcock Institute for Green
Chemistry, Woburn

William Weber, MACTECH, Portland

Robert Welch, Cale Commercial Real Estate Group,

N. Andover

Ted Welte, MetroWest Chamber of Commerce,
Framingham

George Wilkish, Prime Consulting, Holden

Robert Wilson, TTAX, Cambridge

Anita Worden, Solectria Renewables, Lawrence

Economic, Environmental, and Social Benefits of Clean Tech,
Economic Development Research Group, http:/ /sustainable
production.org/ proj.tech.abou.shtm!

Telephone Survey of Boston Small Businesses Regarding the
Adoption of Green Business Practices, University of Massa-
chusetts Donahue Institute, %ttp:/ / sustainableproduction.org/ proj.
tech.abou.shtml!

Case Study: Complying with Clean Product Mandates for the
European Market, Economic Development Research Group,
http:/ / sustainableproduction.org/ proj.tech.abou.shiml

hitp:/ /www.coecon.com/ cagreen.hitm!

hitp:/ /www.mass.gov/ *pagelD=eoeeamodulechunk&L=1&L0=
Home&sid=FEoeea&b=terminalcontent&f=eea_energy_gelling lo_
zero&esid=Foeea



By re-orienting our econo-
my to one built on clean
technologies, Massachu-
setts could emerge as an
international magnet for
the innovation and adop-
tion of technologies that
generate jobs and attract
funding as well as restore
our health and environ-
ment. With input from the
Clean Tech Advisory Com-
mittee and roundtable dis-
cussions, this initial report
identifies five areas where
Massachusetts already has
leadership, and increased
leadership potential.

CLEAN [ECH

An Agenda for a Healthy Economy

SAFER ALTERNATIVES
The design of products and processes that use or create less
toxic substances.

GREEN BUILDINGS

Encompassing products and services that reduce the health and
environmental impacts of constructing, renovating, and operating
building structures.

EMERGING MATERIALS

Biobased and nanomaterials that have the potential to yield
tremendous environmental benefits through energy and materials
use reduction.

CLEAN ENERGY

The use of cleaner sources and generation methods of energy
production that create less pollution—from mining through
generation.

MATERIALS REUSE

Returning products and materials back into the economic

mainstream through reuse, remanu-facturing, and recycling.
University of

Massachusetts

UMASS L owcll

LOWELL CENTER FOR SUSTAINABLE PRODUCTION
University of Massachusetts Lowell, One University Avenue, Lowell, MA 01854

978-934-2980 - www.sustainableproduction.org
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