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Developing clean energy alternatives to replace fossil fuels and reduce
greenhouse gas emissions has emerged as a singular challenge to the
economic and environmental security of the country and the
Commonwealth.  However, this daunting challenge also poses a range of
opportunities.  The increasing urgency of the economic, environmental,
and geopolitical problems caused by our nation’s dependence on oil has
precipitated the beginning of a historic shift toward an economy based on
clean and renewable energy. Such a large-scale transformation will require
a range of new technologies, public policies, and widespread workforce
development.  As a world-renowned leader in higher education and
technology innovation, Massachusetts has the potential to benefit
disproportionately from the impending transition to a clean 
energy economy.

The clean energy sector of Massachusetts’s economy is already growing at
a rate of 20 percent annually, faster than any other sector.  Today’s clean
energy workforce of more than 14,000 is on track to exceed 75,000 over
the next ten years.  By that time, the renewable energy market may be
valued at $226 billion.

In response to the energy challenge and its associated opportunities, the
Science, Technology and Research committee of the Board of Trustees of
the University of Massachusetts convened a Clean Energy Working Group
chaired by the vice provost for research at UMass Amherst and comprised
of representatives from the University’s campuses in Amherst, Boston,
Dartmouth, and Lowell.  The working group conducted an inventory of
the clean energy research at their respective campuses in order to catalog
the depth and diversity of this work throughout the University system,
hereafter referred to as UMASS.  With this inventory in hand, the working
group produced the following report, which defines the challenge before
us and outlines a series of strategic initiatives to accelerate clean energy
research, public policy development, and education and training initiatives
for the benefit of the University and the Commonwealth.

The University of Massachusetts has been a leader in renewable energy
research and education since the 1970’s.  At present, at least 120 faculty
members are engaged in clean energy-related research and teaching, a
number that will continue to grow as new strategic hires are brought into

the faculty ranks.  Individually and as part of large interdisciplinary teams,
UMASS researchers generate the foundational knowledge underpinning
next-generation clean energy technologies, including: off-shore wind
power; low-cost, high-efficiency photovoltaic
materials and fuel cells; cellulosic biofuels;
“green” gasoline; and zero-energy homes and
buildings.  Under the guidance of leading
researchers, UMASS students experience first-
hand the thrill of seeking sustainable solutions to
the global energy problem; what Nobel Laureate
Richard Smalley has called the “single most
important challenge facing humanity today.”
When they enter the Massachusetts workforce, as
more than 70 percent of our graduates do,
UMASS alumni will fuel the Commonwealth’s
burgeoning clean energy economy.

The competition for clean energy leadership will
be fierce.  Sponsorship for clean energy research
from federal agencies and the private sector is 
on the rise, and venture capital investment in 
this area is at an all-time high.  In light of these
trends, many other states are investing heavily in
facilities, instrumentation, research grants, and
faculty talent funds, which are collectively
intended to bolster university-based clean energy
research and expedite technology transfer into
the marketplace.  

In the following sections, we: (1) describe the
state and national context for this competition,
(2) outline a series of ten key research 
and education initiatives, and (3) make
recommendations for capital and program
investments that will enable UMASS to better
help Massachusetts compete successfully for clean
energy leadership.  

I. CASE STAT E M E N T

THE KEY AREAS OF UMASS 
CLEAN ENERGY RESEARCH 
IDENTIFIED TO DATE ARE:

• Mechanical design, 
engineering, and monitoring for
offshore wind power   

• Advanced polymers and 
nanomaterials for solar power,
fuel cells, and batteries   

• Integrated technologies for
development and deployment of
residential solar power systems   

• Biological, chemical and 
integrated methods for 
biomass-to-biofuels conversion   

• Microbial fuel cells   

• Assessment of New England’s
capacity for geothermal energy  

•  Marine renewable 
energy systems   

• Green architecture, design, 
construction, and regional 
planning for sustainability   

• Energy management systems
and efficiency technologies  

• Economic and policy analysis 
of the transition to a clean 
energy economy in
Massachusetts   
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Driven by increasingly urgent economic and environmental imperatives,
the transition to a clean energy economy is coming.  In the next 50 years
our national economy will almost certainly be powered by something
other than fossil fuels.  During this historic transformation, entire
markets and industrial sectors will be created and re-cast in light of the
fundamental shift in how we produce and consume energy.  The transition
will unquestionably be punctuated by technological breakthroughs and
paradigm shifts in public policy, resource management, and economic 
development strategies.

Massachusetts stands to gain disproportionately from the impending
transition because of the Commonwealth’s historic leadership in higher
education and technology innovation.  We have an opportunity to develop

technologies to meet the
energy needs of Massachusetts
and export these technologies
around the world, thereby
creating thousands of jobs.
However, this optimistic
outcome is by no means
certain.  Whether
Massachusetts will be a
significant supplier of clean
energy and related
technologies—or merely a
large consumer—is still an

open question.  The time is now to ensure that, in the future, our energy
dollars flow to in-state workers and companies.  In order to seize the full
potential of the transition to a clean energy economy we must embark 
on a campaign of concerted research, development, and implementation
in tandem with far-sighted policy making.   

Fortunately, clean energy has emerged as a priority for the
Commonwealth.  House Speaker DiMasi recently introduced sweeping
energy legislation that would require Massachusetts to meet at least 20
percent of its energy needs through renewable energy sources by 2020.
"We are today embarking on a new era of energy reform that is bold and
innovative and will forever change how we purchase and use and create

our energy here in Massachusetts," DiMasi said of the legislation.
Governor Patrick has further set an ambitious goal, saying, “I want
Massachusetts to be the home and center” of alternative-energy research
and exports.  Exactly how the Commonwealth can achieve this goal and
reap the benefits of clean energy leadership is the subject of intensive
research at the University of Massachusetts.

Policies concerning research and development, industry growth, economic
development, employment, and education are inextricably linked to the
pursuit of Clean Energy leadership in Massachusetts.  With funding from
the Ford Foundation, policy experts on the UMASS faculty are exploring
questions of how to rebuild the economy on a foundation of clean energy
and conservation while maximizing economic expansion and job creation.
Another federally-funded group is developing tools to help policy makers
decide how best to implement policy instruments in support of clean
energy technology development and deployment.  These and other
research and outreach efforts, described in more detail on page 24,
contribute powerfully to the public policy expertise and analytic capacity
of the Commonwealth’s clean energy strategy.

STATEWIDE INDUSTRY GROWTH

According to CleanEdge Inc., an independent analyst firm, the market for
renewable energy expanded from $9.5 billion in 2002 to over $55.4 billion
in 2006, nearly a six -fold increase in just four years. By 2016, it is expected
to grow to over $226 billion (See Figure 1).  Moreover, jobs in renewables,
efficiency and demand-side management are applicable to workers at
every level of the academic and skills ladder. Clean energy jobs run the
gamut from Ph.D research to solar panel installation, energy audits,
weatherizing buildings, and wind turbine maintenance.

A recent census by the Massachusetts Technology Collaborative (MTC)
indicates that clean energy—technologies and services that encourage
energy efficiency and renewables, while reducing harmful greenhouse gas
pollution—employ over 14,400 Massachusetts workers at every skill level.1

Furthermore, the census notes that the sector is poised to be 10th largest
industry in the state with a growth rate projected at over 20 percent per

F i g u re 1. Strong Growth Forecast for Clean Energ y

II. THE CONTEXT FOR MASSACHUSETTS 

1 Massachusetts Clean Energy Industry Census, August 2007,   Mass. Renewable  Energy Trust
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year. These jobs already extend throughout the State, with growing clean
energy businesses in the Berkshires, around Springfield and Worcester, and
up and down the Massachusetts coastline (See Figure 2).  The clean energy
industry is on track to generate 75,000 jobs in Massachusetts over the next
ten years, according to the MTC report. 

THE UNIVERSITY’S INNOVATION PIPELINE

The health of our national and statewide economy is highly dependent on
the availability of affordable, reliable energy.  At present, fossil fuels are
both available and affordable, at least in the near term.  A longer-term
analysis—one that includes the projected environmental and economic
impacts of global climate change—may conclude that, regardless of
availability, the costs of our continued reliance on fossil fuels are too high.
Then, government-mandated emissions reductions may ultimately improve
the market conditions for renewable energy alternatives.  Until that time,
however, the only course of action is to develop clean energy technologies
that make sense economically today.  Collaboration between 
university researchers, industry, and entrepreneurs is critical for 
the advancement of economical clean energy technologies.  

The Commonwealth’s universities drive innovation, fueling the next
generation of clean energy companies with new technologies and a
well-trained workforce, according to the MTC census report.  A
concerted effort to foster clean energy research and education
throughout Massachusetts will enhance the competitiveness of this
burgeoning industry cluster.

The UMASS Clean Energy Working Group is fostering collaborations
throughout the University system and building bridges between
campus-based researchers and the entrepreneurial companies and
individuals who will ultimately bring new clean energy technologies 
to market where they can have an impact.  

Clean energy technology pipeline and workforce issues can be
addressed more effectively when the lines of communication between
academe and industry are wide open.  To this end, the UMASS Clean
Energy Working Group has joined forces with the New England Clean
Energy Council (NECEC), which has as its mission: “To accelerate New
England’s clean energy economy to global leadership by building an

2 Massachusetts Clean Energy Industry Census, August 2007,   Mass. Renewable  
Energy Trust

active community of stakeholders and a world-class cluster of clean 
energy companies.”

The NECEC convened a Workforce Summit in October 2007 aimed at
identifying growth opportunities in Massachusetts.  Training for scientists,
engineers, technicians, educators, and public communications specialists in
fields related to clean energy were listed among a handful of essential
workforce development areas.  Undergraduate and graduate research and
training opportunities in clean energy, such as the Collaborative
Undergraduate Research in Energy (CURE) program developed by faculty
in the Center for Renewable Energy Science and Technology (MassCREST)
at the Amherst campus, are already in place at UMASS and more
workforce training initiatives are planned.  The Lowell campus already
offers students access to a longstanding graduate program in Energy
Engineering with course offerings in solar and nuclear energy.  With 
more than 70 percent of our graduates employed in state, UMASS is 
the Commonwealth’s clean energy workforce source.  

F i g u re 2. 
Clean Energy Jobs 
in Massachusetts 2  
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The extent to which the U.S. can successfully develop a clean energy
economy is tied to the nation’s competitive standing in the global
marketplace.  According to the U.S. Council on Competitiveness, energy
security and sustainability are key U.S. competitiveness issues because of
the direct impact they have on the productivity of U.S. companies and the
standard of living of all Americans.3 Fortunately, the results of a recent

Gallup poll suggest that the American public
overwhelmingly supports the development of
technologies to produce alternative fuels and reduce
greenhouse gas emissions.4

In light of the tremendous economic opportunities
forecast and the groundswell of public support for
energy alternatives, many states are investing heavily to
stake out a leadership position in one or several clean
energy sectors.  The long-view of clean energy
invariably envisions elegant technologies that will solve

our energy problem, such as: durable, efficient, and inexpensive
photovoltaic materials; floating off-shore wind turbine platforms; and
distributed production of biofuels from regional resources.  However, a
great deal more research and analysis will be required to realize any of
these elegant solutions.  Therefore, many U.S. states have put clean energy
research and development at the forefront of their economic development
strategy, each hoping, as Massachusetts does, to be the “home and center”
of the emerging clean energy economy.

During the last year alone, at least nine U.S. states made investments of
more than $10 million in clean energy research infrastructure (Table 1) and
funding programs designed to accelerate clean energy research (Table 2).5

An extended listing of state investments is provided in Appendix 3.  Many
of these same states also provide matching funds for SBIR/STTR grants in
order to stimulate university-industry collaborative research and
development.

III. THE NATIONAL COMPETITION FOR CLEAN ENERGY LEADERSHIP 

$ 1 0 0 Wi s c o n s i n

$ 1 0 0 C a l i f o rn i a

$ 4 0 O k l a h o m a

$ 4 0 Te n n e s s e e

$ 2 0 F l o r i d a

$ 1 1 . 6 Te n n e s s e e

Table 1: 
State Capital Investments in Clean

E n e rgy Research Infrastru c t u re 
During 2006 (millions)

$ 1 0 0 I o w a

$ 2 0 M i n n e s o t a

$ 1 5 Wi s c o n s i n

$ 1 5 South Caro l i n a

$ 1 0 Te n n e s s e e

$ 1 0 New Mexico

Table 2: 
State Investment in Clean Energ y

R e s e a rch Funds during 2006 
( m i l l i o n s )

3 Council on Competitiveness. Future of U.S. Energy and Competitiveness Tightly Linked.  
1 August 2007. Washington D.C. Accessed on 17 September 2007:
http://www.compete.org/newsroom/temp_news/readnews_08-01-07_energy_initiative.asp

4 Saad, L. 2007.  Most Americans Back Curbs on Auto Emissions, Other Environmental
Proposals.  Gallup News Service. 5 April 2007.  Accessed 15 September 2007:
http://www.galluppoll.com/content/?ci=27100

5 Data for New Mexico, Oregon, South Carolina, and Tennessee graciously provided by Dan
Berglund, SSTI. Berglund, D. 2007 What’s Next for TBED. Presentation delivered during the
State Science and Technology Conference. Baltimore, MD.  October 19, 2007.
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F i g u re 3: Matrix of clean energy applications (columns) and selected UMASS re s e a rch areas (rows). 6

6 A breakdown of the campuses and faculty members associated with the research topics depicted in the matrix is provided in Appendices 4 and 5. 
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Clean energy-related sponsored research funding at UMASS has increased
more than 170 percent over the past ten years, to a high of $18.5 million
in 2006 (See Appendix 1 Chart 1).  A steady stream of new projects and
faculty hires will continue to drive this growth into the future.   

Researchers at UMASS generate the foundational knowledge
underpinning the next generation of clean energy technologies.
Technology targets for clean energy research underway at UMASS include:

• Floating, offshore wind turbines

• “Green” gasoline, diesel and jet fuel

• Inexpensive and efficient light-harvesting materials

• Affordable hydrogen-powered fuel cells

• Wireless self-powered sensor networks for large wind energy farms 

• Autonomously powered deep-ocean 
monitoring systems

• Carbon-free municipal heat and power

• Zero-energy homes and buildings 

• Ultra high-capacity solid-state batteries

The University creates knowledge that cuts across many clean energy
application areas as illustrated in Figure 3.  Some areas of research, such as
advanced polymers and nanomaterials, can be applied to nearly the full
range of clean energy technologies: photovoltaics, fuel cells, biofuels,
wind, and efficiency.  Others, such as agronomy, plant/microbial
biotechnology, chemical catalysis, and process design, are vertically
integrated to span the entire pipeline of one important clean energy
application: biofuels.

The following spotlight sections describe ten key areas of clean energy
research and education initiatives at UMASS.  These are the areas that
have been identified by the Clean Energy Working Group to date.  They
were selected on the basis of: (1) the University’s unique strengths in the
area, (2) the potential to generate substantial sponsored research funding,

and (3) compatibility
with the growth
opportunities for the
Massachusetts clean
energy cluster.

Each of the following
sections was prepared
using detailed
research proposals
submitted by the
faculty members
involved.  Research
spotlights are
organized into four
sub-sections: 
(1) the outlook for
technology
development and
deployment; (2)
research plans and
priorities; (3) the
potential for impact
in Massachusetts; and
(4) the campuses
involved.

An extensive, but
partial list of faculty members associated with the research featured in the
following spotlight sections is provided in Appendix 5. 

I V . S P O T L I G H T  O N  C L E A N  E N E R G Y  A T  U M A S S

IV. SPOTLIGHT ON CLEAN ENERGY AT UMASS

THE KEY AREAS OF UMASS CLEAN 
ENERGY RESEARCH ARE:

• Offshore Wind Energy: Massachusetts’

Greatest Natural Resource

• Advanced Polymers and Nanomaterials for
Photovoltaics, Fuel Cells, and Batteries

• Integrated Technologies for 
Development and Deployment Residential
Photovoltaic Systems

• Cellulosic biofuels and the Integrated
Biorefinery

• Microbial Fuel Cells: Waste to Electricity

• Geothermal Energy: The Untapped
Potential of New England Bedrock

• Marine Renewable Energy

• Smart Growth, Sustainable Design, and
Green Construction

• Energy Management Systems and
Efficiency Technologies

• Economic and Policy Analysis of Clean
Energy and Climate Change



 8 Clean Energy for the Commonwealth Powered by The University of Massachusetts  

I V . S P O T L I G H T  O N  C L E A N  E N E R G Y  A T  U M A S S

 ABSTRACT:
Massachusetts has access to tremendous offshore wind energy resources.
However, capturing these resources efficiently will require a sustained
research, development, and engineering effort.  Installation and
maintenance of offshore wind energy farms is complicated by the
relentlessly fluctuating deep ocean environment.  Robust, low
maintenance, smart wind turbine systems must be developed, tested, and
optimized expressly for operation under the
extreme conditions that exist off the
Massachusetts coastline in order to fully
exploit this enormous renewable resource.
As the historic and current epicenter of
wind energy research in the northeast,
UMASS is poised to help develop this
important resource, train the necessary
workforce, and, in doing so, make
Massachusetts an international hub of 
wind energy science and engineering. 

 TECHNOLOGY OUTLOOK:
Wind energy is already a reality in
Massachusetts.  However, our largest
available wind resource resides offshore.  
A concerted and aggressive research
program will be needed to realize the
potential benefits of offshore wind over 
the next 8-10 years.

Over the next 50 years, we can expect wind
energy technology to evolve and be applied
primarily in the following areas: bulk
electricity production, distributed electricity
generation, and fuel production.  Bulk
electricity production will involve the
deployment of progressively larger turbines
(5 – 10 MW or more) in large arrays,
connected by power cables to transmission

networks.  Electricity from wind turbines may be used to produce
hydrogen fuel via electrolysis.  The fuel will be either the hydrogen itself
or a secondary product, such as ammonia or hydrogenated biofuels.

 RESEARCH PLANS & PRIORITIES:
The vision for the Wind Energy Center is to play a leading role, both in

research and education, for the creation and
development of the wind technology of the
future. We intend to build upon our
experience and to develop unique strength in
key thrust areas: 

• Study of external conditions (wind,
ocean, and their interaction) 

• Study and design of self-aware
reliable wind turbines 

• Study of technologies for
monitoring, optimization and
control of wind turbine arrays 

• Development of an off-shore wind
turbine simulator

• Coastal and oceanographic studies

• Development of a preapproved and
environmentally monitored ocean
demonstration test site

New funding opportunities exist for
fundamental wind energy research and
education.  In cooperation with state
government, UMASS has already successfully
bid for a $15 million blade test facility on
Massachusetts Port Authority-owned land in
Charlestown.  We are now vigorously
pursuing additional federal funding to
establish a university-industry R&D

1. OFFSHORE WIND ENERGY: MASSACHUSETTS’ GREATEST NATURAL RESOURCE
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1 . O F F S H O R E  W I N D  E N E R G Y

consortium and a major engineering research center in wind energy at 
UMass Amherst.

 IMPACT IN MASSACHUSETTS:
Massachusetts and New England have a large, untapped offshore wind
energy resource. The potential power available in New England from
offshore wind is about 450GW, for depths ranging from shallow waters to
90m deep. This power estimate is over 15 times today’s peak load in the
North East corridor (27GW). 

The job creation potential of wind energy is also substantial.  For example,
Denmark, which has approximately 3,100 MW of installed wind energy
capacity and manufactures approximately 5,500 MW of turbines annually,
employs 21,000 people in the wind energy sector.

Wind energy research at UMASS has already had a significant impact in
the Commonwealth.  Faculty from the Amherst campus have collaborated
in all stages of Hull Wind I, Hull Wind II, and now Hull Offshore wind
initiatives.  They also played the role of technical lead in a successful bid
for one of only two wind blade test facilities in the nation.  

The UMASS wind research program is poised to make Massachusetts an
international center of wind energy research.  As a result, companies will
locate in the Commonwealth to take advantage of this intellectual
resource.  Offshore wind development will provide jobs in engineering,
construction, finance, marketing, and environmental studies for years 
to come.

 CAMPUS CONNECTIONS: Amherst, Boston, Dartmouth, Lowell
A strong multidisciplinary team of researches and educators will advance
the frontier in these five thrust areas. This team includes researchers and
educators from the UMass Amherst, Boston (Urban Harbors Institute),
Lowell (College of Engineering), Dartmouth (School of Marine Science and
Technology, Advanced Technology Manufacturing Center) and Woods 
Hole Oceanographic Institute (WHOI). 

For more than three decades, the Renewable Energy Research Laboratory
(RERL) at UMass Amherst has been promoting education and research in

wind energy technologies. RERL has focused chiefly on wind energy in
New England, including offshore wind power issues, resource assessment,
renewable energy software development, hybrid power systems, and wind
farm siting and performance.  The Wind Energy Center is an outgrowth of
the decades-long commitment that RERL faculty have made to the
advancement of wind energy.

The UMass Boston Urban Harbors Institute has been an integral
collaborator in the development of offshore wind technology in
Massachusetts, including the Wind Turbine Test Facility and DOE-
sponsored projects.  Specific projects include predevelopment work for
wind and tidal power on the harbor islands and site selection for the 
wind turbine test facility.

UMass Lowell Structural Dynamic and Acoustic Systems Laboratory (SDASL)
and Advanced Composite Materials and Textile Research Laboratory
(ACMTRL) faculty have the necessary expertise and equipment to explore
the fabrication, acoustics, structural dynamics, mechanical testing, and
structural health monitoring of composite wind turbine blades, which
complements expertise at UMass Amherst in dynamical systems, structures,
and prognostic health monitoring.

The UMass Dartmouth Advanced Technology and Manufacturing Center
(ATMC) has strength is program management, mapping, and sensor
development.  The School of Marine Science and Technology’s (SMAST’s) is
heavily involved with oceanic research through its Coastal Systems Group
conducting on going physical and biological surveys in the Nantucket
Sound and surrounding estuaries.

WHOI’s experience with ocean science is relevant to many aspects of
offshore wind energy, ranging from the geophysical to the biological.
UMASS has already worked with WHOI on two ocean energy projects.
The first one concerned the use of SODAR (a remote sensing technique) 
in the offshore environment.  The other concerned offshore wind 
energy policy.

This team has the talent needed to become the nation’s pre-eminent 
wind energy program. 
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 ABSTRACT:
Structural control, synthesis, and property analysis of advanced polymers
and nanomaterials has many applications for the development of clean
energy technologies.  The University of Massachusetts system is a world
leader in the development of the integrated nanofabrication platform,
which includes both the nano- and micro-scale processes used in the
development of clean energy technologies, such as photovoltaics, fuel
cells, capacitors, and batteries.

 TECHNOLOGY OUTLOOK:
Technology forecasters predict that within 10 years nearly half of all new
products—from handheld computer devices and medical treatments to
renewable energy sources and automotive components—will contain
nanotechnology.  Already, at least 100 Massachusetts firms are developing
nanoscale products and processes.  Nanotechnology’s impact on clean
energy, though small at present, is growing rapidly, according to the

industry analysis firm Lux Research.
Nanofabrication techniques hold
tremendous potential for the
development of clean energy technologies
because of the precise control that can be
exerted over their physical, chemical, and
electromagnetic properties of the
nanostructured materials. 
Wind turbine technologies would
immediately benefit from the availability
of new tough, durable, corrosion-resistant,
but lightweight, nano-structured polymer
composite materials.  The light-harvesting
capacity of silicon-based photovoltaics can
be improved by the application of nano-
structured coatings and thermo-electric
materials; versions of these technologies
are available today.  Looking further into
the future, organic-based photovoltaic
materials have the potential to
substantially increase solar energy

conversion efficiencies while drastically reducing production costs,
compared with silicon-based photovoltaics.  Similarly, through sustained
research and development, the conducting capacity and thermal/humidity
tolerances of polymer-electrolyte membranes may be increased, which
would make fuel cells more efficient and cost-effective.  High-efficiency,
all-polymer solid-state batteries may be produced through the block-
copolymer self-assembly techniques, where the three lamellar blocks
correspond to the anode, electrolyte, and cathode.

 RESEARCH PLANS AND PRIORITIES:
Research in this area is focused on developing the fundamental
nanofabrication techniques that will underpin next-generation
manufacturing processes across the full range of industrial sectors.  
Three focus areas of ongoing nanofabrication research are:

1. Novel polymer chemistries, including polymer-inorganic
nanocomposites for a range of applications such as solar cells, fuel
cells, and OLEDs.

2. Diblock copolymer films as self-assembling templates for the
fabrication of arrays of nanoscale elements.

3. High-throughput nanomanufacturing processes compatible with
existing industrial manufacturing infrastructure.

Nanomanufacturing research is a point of significant research strength and
a priority for the University.  Investigators at the Amherst campus are
world leaders in the development of powerful self-assembly techniques
that can be used to fabricate exceedingly precise nanoscopic structures
with novel efficiency properties.  Researchers at UMass Lowell are
pioneering processes for high-rate nanomanufacturing that will ultimately
drive down production costs.  Building on the initial federal grants funding
this nanotechnology work is a priority for UMASS.

2. ADVANCED POLYMERS AND NANOMATERIALS FOR PHOTOVOLTAICS, FUEL CELLS, AND BATTERIES
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2 . A D V A N C E D  P O L Y M E R S  A N D  N A N O M A T E R I A L S

 IMPACT IN MASSACHUSETTS:
Since 2002, Massachusetts has been ranked the #2 state in nanotechnology
by the industry publication Small Times.  Therefore, the Commonwealth is
exceedingly well-positioned to apply this nanotechnology leadership in the
realm of clean energy devices and systems.  

A 2004 study by the Massachusetts Technology Collaborative and
Cambridge-based Nano Science and Technology Institute says
Massachusetts' universities, entrepreneurial networks, and diversified
technology base make it well-positioned to cash in on this emerging field,
which the federal government projects could create a $1 trillion 
worldwide market by 2015. 

The entrepreneurial culture and well-established venture capital sector in
the state also provide key components to move products from the lab to
the marketplace. A number of start-ups are already at work, using
nanotechnology to build lighter and cheaper solar cells, for example. 

 CAMPUS CONNECTIONS: Amherst, Boston, Dartmouth, Lowell
UMass Amherst has maintained the country’s top materials research and
polymer science program since 1973.  In 2006, the campus was awarded 
a major National Science Foundation (NSF) research center on
nanomanufacturing, the Center for Hierarchical Manufacturing (CHM),
which also hosts a graduate training program in nanotechnology and the
National Nanomanufacturing Network, a broad alliance of academic,
government and industry partners cooperating to advance
nanomanufacturing in the U.S.  MassCREST, a research center for
renewable energy science and technology, was recently established to
focus this polymer and nanotechnology expertise on the development of
new technologies for photovoltaic, fuel cell, and energy storage systems.
The NSF-funded Fueling the Future Center within MassCREST is focused
squarely on unraveling the mechanism of proton conduction, which is
fundamental to the efficient operation of fuel cell power systems.

UMass Lowell is a major partner on the Center for High-Rate
Nanomanufacturing.  Along with the CHM at Amherst, these two research
centers make Massachusetts home to fully half of all the

nanomanufacturing research centers in the U.S.  Research on the Lowell
campus emphasizes the development of engineering approaches to the
production of nanomaterials that are readily incorporated into existing
industrial processes.

UMass Dartmouth researchers have a history of excellence in the use of
nanotechnologies in textiles.

UMass Boston researchers have expertise in analyzing the electronic
properties of novel materials.
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I V . S P O T L I G H T  O N  C L E A N  E N E R G Y  A T  U M A S S

 ABSTRACT:
Research, education, industry collaboration and system development will
be integrated to increase the practicality and cost-effectiveness of
deploying photovoltaic (PV) systems for home use.  The approach will
include strategies for energy management that incorporate battery and
supercapacitor technologies for energy storage.  Conventional silicon-
based PV systems will be our focus at the outset.  Looking to the future,
ongoing research in advanced PV technologies will complement this effort
to ultimately reduce costs and thereby expand residential PV deployment
footprint.  Work will be done in collaboration with companies to insure a
commercialization path for the technology. In addition, an educational
component will focus on educating clean energy scientists/engineers as
well as a training a PV deployment workforce to facilitate growth of the
clean energy industry within the Commonwealth.

 TECHNOLOGY OUTLOOK:
Solar electric and solar thermal technologies are already available to
homeowners.  However, widespread utilization of clean energy
alternatives will require lower cost approaches than currently available.  In
addition, practical deployment of such systems will require seamless
integration of technologies for energy generation, energy storage and
energy utilization.  These system solutions can be available in the near
term.  The addition of more advanced solar electric systems—perhaps
made from low-cost, high-efficiency organic materials using
nanofabrication technology—is still in the research phase and will not be
available for several more years.  

 RESEARCH PLANS AND PRIORITIES:
Widespread adoption of clean energy alternatives will require lower cost
approaches than currently available. In addition, practical deployment of
such systems will require seamless integration of technologies for energy
generation, energy storage and energy utilization. 

Research activities will focus on evaluation of residential hybrid systems
based on both PV and wind sources, as well as the development of
advanced PV technologies, such as the use of organic light-harvesting
materials that have the potential to reduce the cost per unit of energy.

Energy management infrastructure will also be developed that integrates
multiple renewable sources and energy storage using advanced battery
technologies.  

 IMPACT IN MASSACHUSETTS:
Widespread deployment of residential PV systems is expected to spur the
growth of energy consultants and an installation workforce. The proposed
program would include development of training in these enabling
technologies as a means of establishing a viable clean energy workforce.
This training would build upon existing courses in renewable energy and
electric vehicle technology.

 CAMPUS CONNECTIONS: Lowell, Amherst
UMass Lowell Center for Renewable Energy and Electric Vehicles 
UMass Lowell Center for Advanced Materials 
UMass Lowell Center for Sustainable Energy
UMass Lowell Center for High-Rate Nanomanufacturing
UMass Amherst Center for Hierarchical Manufacturing

3. INTEGRATED TECHNOLOGIES FOR DEVELOPMENT AND DEPLOYMENT RESIDENTIAL PHOTOVOLTAIC SYSTEMS 
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3 . R E S I D E N T I A L  P H O T O V O L T A I C  S Y S T E M S  /  4 . C E L L U L O S I C  B I O F U E L S

 ABSTRACT:
The escalating price and decreasing worldwide reserves of petroleum can
potentially lead to an economic crisis with severe societal effects.

Massachusetts consumes roughly 4.5 billion gallons of
petroleum per year.  This petroleum dependence
comes at a steep price to Massachusetts consumers; it
is a drain on the state’s economy and a threat to
environmental quality.  Development of a biofuels
energy technology and production industry in
Massachusetts would yield substantial economic
returns and environmental benefits.  

UMASS has formed an interdisciplinary team of
forward-looking researchers whose work is aimed at
the development of cost-effective technologies for
producing ethanol, alternative fuels, and other value-

added materials from biomass. The work of this research team is vertically
integrated to span the areas of biomass feedstock development, biological
and chemical conversion to fuels, and process development, by combining
expertise in plant biology, microbiology, chemical catalysis, biorefinery
engineering and design, and economic and environmental analysis.  This
work has already led to the creation of one commercial spin-off from

UMass Amherst: SunEthanol, a biofuels company that is developing a
cellulosic ethanol production technology.

 TECHNOLOGY OUTLOOK:
First generation biofuels, such as corn-derived ethanol and biodiesel from
soybeans, are already in use.  However, concerns regarding the food
supply impacts of using these food crops for fuel along with the economic
imperative to increase net energy yields have prompted the development
of second generation biofuels.  Second generation biofuels are those
developed from cellulosic (i.e. non-food) biomass.  

A variety of fuels types can be produced from cellulosic biomass by one of
two pathways: 1) biological conversion using enzymes, either naturally
occurring or engineered, to produce a particular fuel type, such as ethanol
or butanol; and 2) chemical conversion using one of a variety of
techniques including gasification, liquefaction, or pyrolysis followed by
catalytic upgrading of the gas or liquid into a finished fuel, such as
“green” gasoline, diesel, or jet fuel.

Table A provides a breakdown of the type of research that will be
required to produce cost-competitive biofuels from cellulosic biomass.  

4. CELLULOSIC BIOFUELS AND THE INTEGRATED BIOREFINERY

Table A.  Estimated Cost of Ethanol Production from Wood (+/- 20%)*

CATEGORY CURRENT TARGET RESEARCH REQUIRED TO ACHIEVE TARGET
(90 GAL/TON)

Capital $60.00 $20.00 Process simplification, +rate, +yield: $6/annual gal, 15 yr,
Labor $15.00 $10.00 Process simplification, +rate, +yield
Utilities $15.00 $5.00 Process simplification, +rate, +yield: lignin/wood fired boiler
Chemicals $20.00 $10.00 Process simplification, +yield
Media $20.00 $5.00 E tol, Hz tol, improve media
Cellulase $30.00 $5.00 Wood comp, process improvement, enhance enzymes in ethanologen
Wood $50.00 $33.00 +Yield – comp & process: $30/ton, 60 gal/ton
Wood Transportation $10.00 $4.00 Higher bio product, increased ethanol yield

TOTAL COST $2.20/gal $0.92/gal 

*Source: Ingram, Lonnie (2006) Institute of Food and Agricultural Sciences.  University of Florida.
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I V . S P O T L I G H T  O N  C L E A N  E N E R G Y  A T  U M A S S

 RESEARCH PLANS AND PRIORITIES
Environmental and political problems
created by our dependence on fossil
fuels combined with diminishing
petroleum resources are causing our
society to search for new renewable
sources of energy and chemicals.  In
this respect, plant biomass is the only
sustainable source of organic carbon,
and fuels derived from plant biomass
(biofuels) are the only sustainable
source of liquid fuels.  Commensurate
with the urgency of the problem, it is
anticipated that investments in
biofuels research from the federal
government and increasingly industry
will accelerate in the coming years.

The chief impediment to the utilization of our biomass resources is the
lack of economical processes for conversion of biomass resources into fuels.
While biomass is both a cheap and abundant resource, a significant long-
term investment in both fundamental and applied research is required to
develop economically competitive processes for biomass conversion.  This is
the biofuels challenge.

UMass Amherst is developing an integrated research program designed to
address the biofuels challenge. 

OUR RESEARCH PRIORITY AREAS INCLUDE:

1. Production and collection of biomass materials. Massachusetts
has a wealth of low-cost biomass resources in the form of
woody biomass. Biomass feedstock resource assessment studies
and research directed toward optimizing growth conditions,
identifying genes that can be used to make biomass feedstocks
grow faster and bigger, and improving harvest processes are
already underway.

2. Low-cost chemical and biological
conversion into liquid fuels. The crucial
roadblock to widespread use of biofuels is
the cost of producing them from the raw
materials.  One approach to overcoming
this obstacle is the exploitation of the
biomass-to-ethanol conversion processes
relatively common in microbes (e.g. yeast).
Research is focused on optimizing
conditions for the conversion of biomass to
liquid fuels in naturally occurring microbes
as well as using biotechnology approaches
to engineer microbes that can produce high
concentrations of fuels such as butanol or
hydrogen. Another particularly promising
path is development of new chemical (i.e.
non-biological) catalysts to make biomass-
derived fuels that are compatible with
petroleum-based fuels. Catalytic conversion
of biomass to chemicals is also being
developed to replace chemicals that are
currently being derived. 

3. Efficient use of biofuels. Like ethanol today,
new biofuels are likely to be blended with
petroleum-derived fuels. Using chemical
measurements and mathematical models
developed for conventional fuels, the
compositions and combustion chemistries of
new fuels and blends can be analyzed.
Using this approach, it will be possible to
make biodiesel fuels with a high Cetane
number so engines can operate with more
advanced injection timing and greater
efficiency than with present diesel fuel.
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4 . C E L L U L O S I C  B I O F U E L S

 IMPACT IN MASSACHUSETTS
Massachusetts has a wealth of low-cost biomass resources, including an
estimated 4.4 million tons of unused woody biomass annually, which could
potentially produce 13.5 million barrels of oil per year.  A biofuels industry
would have a significant impact on the rural Massachusetts economy,
benefiting 500 licensed foresters, 60 sawmills, thousands of secondary
manufacturers, and numerous landowners.  The industry would also
provide high paying jobs to rural Massachusetts workers including plant
operators, technicians, engineers, etc.  Because the transportation of 
fuels produced from biomass is considerably less expensive than the
transportation of biomass itself, biorefineries are likely to be located 
close to feedstock locations in rural areas, resulting in improved 
rural economies.

Furthermore, biofuels technology developed in Massachusetts would be
exported to other states and countries, producing an additional source of
revenue for the Commonwealth.  Liquid fuels represent a tremendous
global commodity market in which biofuels will play an increasingly
important role.  The Commonwealth currently has a number of small
companies developing biofuels technology including Biorefine, Cellunol,
C3 Bioenergy, Green Fuels, Mascoma, Northeast Biodiesel, and SunEthanol.
While most of these companies are focusing on short term goals, their
continued economic growth is dependent on fundamental research that
will provide a competitive advantage in this rapidly evolving industry.

 CAMPUS CONNECTIONS: Amherst, Boston, Lowell
On the Amherst campus three colleges and six academic departments 
are involved in the campus-wide biofuels research program.  This
interdisciplinary group has coalesced into The Institute for Massachusetts
Biofuels Research (TIMBR).

Boston campus researchers are conducting industrial and ecological
assessment studies related to large-scale transition toward the use of more
bio-derived fuels for home heating and transportation fuels.
Lowell campus researchers are exploring techniques for biofuels
manufacturing and conducting research on biomass gasification.
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I V . S P O T L I G H T  O N  C L E A N  E N E R G Y  A T  U M A S S

 ABSTRACT:
Scientists at the University of Massachusetts Amherst have discovered and
cultivated novel microorganisms that can efficiently convert organic wastes,
renewable biomass, and even mud, into electricity. Because of 
their extraordinary efficiency (>90%) it is now conceivable to make
microbial fuel cells that can convert a wide range of organic materials,
(previously been considered to have little or no value as fuel) into electricity.

 TECHNOLOGY OUTLOOK:
At present, microbial fuel cells can produce enough current to power 
small electronic devices for short periods or to trickle-charge capacitors for
applications with higher power demands. However, the size of these
microbial fuel cells precludes their incorporation into the electronic devices
they can power. At present, the highest power densities reported for the
type of microbial fuel cell most likely to be sustainable for long periods 
of time were approximately 50 Watts per cubic meter of fuel cell 
volume. Therefore, further optimization is required for most 
envisioned applications.

Research sponsors representing a major auto manufacturer anticipate the
use of microbial fuel cells in automotive applications within 25 years.
Currently, the only microbial fuel-cell application with short term potential
is to power monitoring devices in remote locations, such as the farthest
reaches of the ocean floor.  However, once the technology is mature, it will
have a broad range of applications.

 RESEARCH PLANS AND PRIORITIES:
Current research is focusing on elucidating the mechanisms of electron
transfer between the microorganisms and the electrode in order to design
better electrodes or genetically engineer better microbes for higher rates of
electricity production.  Substantial funding for this research has come from
the Department of Energy, the Office of Naval Research, Toyota, the
National Science Foundation, and other sources. 

 IMPACT IN MASSACHUSETTS:
With appropriately designed microbial fuel cells industries, farms, and
municipalities could recycle their wastes and harvest electricity.
Carbohydrate-rich crops or crop wastes could also serve as a fuel source.

Microbial fuel cells can be used to harvest electricity from the sediments 
at the bottom of the ocean, fueling underwater electronic equipment,
including sensors. Microbial fuel cells can also be used as a power source
for soldiers in remote locations and for powering autonomous vehicles or
robots that can ‘live off the land’ by consuming vegetation to harvest
energy, thereby eliminating the need for refueling.  

Domestic applications currently under development include microbial 
fuel cells that can power mobile electronic devices, such as cell phones,
from readily available materials, such as a sugar cube. Other applications
are feasible.  Household electricity could be generated from garbage 
and sewerage; an electric lawn mower could be powered by a microbial
fuel cell that uses cut grass as its energy source; farmers could recycle
animal and crop wastes into electricity.  And, as with hybrid automobiles,
electrical power can easily augment petroleum products and thereby
conserve declining supplies of fossil fuels.

 CAMPUS CONNECTIONS: Amherst, Boston
At UMass Amherst the development of microbial
fuel cell technology is a focus of ongoing research in
the Environmental Biotechnology Center within the
Department of Microbiology.  Professor Derek Lovley
is world-renowned for his discovery and subsequent
investigation of the Geobacter microbe, which is
central to the microbial fuel cell technology
currently under development.

UMass Boston researchers in the Environmental,
Earth and Ocean Sciences department are testing
microbial fuel cell technology as a renewable source
of electricity for low power coastal environmental
sensor monitors that stream real-time data on tides,
salinity, currents, pollution markers, etc.  

5. MICROBIAL FUEL CELLS: WASTE TO ELECTRICITY
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5 . M I C R O B I A L  F U E L  C E L L S /  6 . G E O T H E R M A L  E N E R G Y

 ABSTRACT:
Until recently, geothermal energy has been thought of as impractical for
use in New England because the hot rocks are further underground than
in the western United States.  However, the confluence of new and
powerful remote sensing techniques with improvements in drilling and
power conversion technologies has rekindled interest in the potential for
geothermal power in the northeastern U.S.  The potential for geothermal
energy in New England will be evaluated through an inventory of
potential rock units, typically granitic bodies, characterized based on their
composition, heat production, and physical properties.  This assessment
will be conducted using standard geological mapping techniques in
combination with new remote sensing tools that enable precise mapping
of the deep sub-surface. 

 TECHNOLOGY OUTLOOK:
A recent report on the future potential of Enhanced Geothermal Systems
in the USA, by a team of scientists headed by Professor Jefferson Tester of
MIT, shows that the USA has vast reserves of this untapped energy.  They
estimate a potential resource base, between depths of 3.5 - 7.5 km, of
around 13 million Exojoules (1 EJ = 1018 joules).  If only 2% of this were to
be developed, it would correspond to around 2,600 times the present
annual energy consumption of the U.S.  However, in order to determine
the potential of this energy source in New England, a comprehensive
assessment of potential rock units with the right combination of
composition, heat production and physical characteristics must first be
conducted.  

Preliminary calculations indicate that several granite bodies have sufficient
heat production to be considered first targets for exploiting geothermal
energy in Massachusetts and New England.  From these very preliminary
results, it appears that some granites may be suitable for local electricity
generation (especially using binary systems), others may be more useful for
direct heating purposes (e.g. homes, industrial use, greenhouses,
agriculture and aquiculture, spas and resorts), and others may be too cool
for economic use.  Ultimately, the results of this comprehensive geologic
assessment will determine time to implementation of geothermal energy
production in specific regions of Massachusetts and New England.

 RESEARCH PLANS AND PRIORITIES:
The basic principle behind the potential for geothermal energy
production in New England is known as “Hot Dry Rock Projects” or
“Enhanced Geothermal Systems” (EGS).  The concept is relatively simple.
Two, or more, holes are drilled into fractured bedrock to an appropriate
depth. Cold water is pumped down one hole.  Then, water heated by the
surrounding rock is recovered at the other hole(s) where it is used to drive
turbines to generate electricity, heat space, or both.  The used water is
recycled.  Temperatures of over
150 oC are required to generate
electricity, but temperatures
between 70 - 150 oC can be 
used for heating purposes.

One of the first challenges for
evaluating the potential for
geothermal energy in New
England, or elsewhere, is to
create an inventory of potential
rock units, typically granitic
bodies, and to characterize the
composition, heat production,
and physical characteristics
(lateral and vertical continuity,
fracture potential, etc.) of 
these bodies.

We envision a series of maps, prepared in collaboration with the State
Geologist, depicting the heat potential of Massachusetts granites,
together with calculations of temperature-depth profiles of individual
granites.  This will allow us to screen granite bodies for their potential
utility.  Once potentially productive granites are identified more detailed
studies will be required to determine the extent and compositional
diversity of rock types within the granite body, together with the study
and analysis of its fracture and jointing patterns.

6. GEOTHERMAL ENERGY: THE UNTAPPED POTENTIAL OF NEW ENGLAND BEDROCK
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I V . S P O T L I G H T  O N  C L E A N  E N E R G Y  A T  U M A S S

 IMPACT IN MASSACHUSETTS:
While Massachusetts is not normally associated with geothermal energy, a
preliminary assessment using new highly sensitive geologic probes has
revealed a greater abundance of potential geothermal source rocks than
previously expected.  New research on non-traditional sources of
geothermal energy suggests that new methods (but using existing 
oil-drilling technologies) could stimulate and tap geothermal energy at
much greater depths and under less ideal conditions than previously
supposed.  This great potential of this regional energy source has already
spawned at least one startup company, Atlantic Geothermal, based in
western Massachusetts.

 CAMPUS CONNECTIONS: Amherst
The UMass Amherst Department of Geosciences is home to the
Massachusetts State geologist and has developed an active program of
advanced geological analysis that is perfectly suited to conduct research on
the potential for geothermal energy in New England.  The campus
maintains an X-ray fluorescence facility which can conduct high-quality,
measurements of potassium, uranium and thorium in order to evaluate the
heat-producing potential of the granites.  The department is also home to
several experts in areas critical to the evaluation of geothermal energy
potential, including rock fracture, fluid flow processes, structural geology,
geologic modeling, elemental analysis, and geologic engineering. Finally,
the Department of Geosciences has a long history of bedrock geologic
research in New England, and a number of people are well positioned to
characterize the setting and physical potential of particular geothermal
source rocks.

Potential heat-producing granites
in Massachusetts
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7 . M A R I N E  R E N E W A B L E  E N E R G Y

 ABSTRACT:
New England has abundant natural resources for wave and tidal energy,
but the challenges of operating in marine environments and the
regulatory impediments make development difficult.  To address these
needs, the UMASS Marine Renewable Energy Center (MREC) will establish
a pre-approved and environmentally monitored ocean demonstration test
site with a renewable energy development lab.

 TECHNOLOGY OUTLOOK:
Wave and tidal forces have tremendous energy, but a range
of engineering, operational, environmental, and regulatory
challenges stand before the development of this technology.
Substantial basic research is needed both to optimize the
mechanics of wave and tidal energy systems and to assess
the impact of these technologies on the marine ecosystem.

 RESEARCH PLANS AND PRIORITIES:
Pending federal legislation seeks funding for up to five
regional ocean renewable energy test facilities and MREC
will be well positioned to achieve this funding.  MREC will
serve as a test facility for renewable energy technologies
and will, therefore, receive direct funding and development
assistance.  

 SPECIFIC RESEARCH ENVISIONED WOULD INCLUDE:

1) Wave/tidal energy generation system mooring and
cable modeling, design and optimization

2) Real-time monitoring and control systems to optimize
performance in varying flows

3) Minimization of leaks, spills or other contamination;
non-corrosive materials

4) Fish attraction, entrainment and impingement
potentials of technologies

5) Water and ocean floor habitat impacts of construction
and decommissioning effects

6) Ocean floor habitat loss or disturbance

7) Effects on resident or migratory species, coastal processes (e.g.
sediment transport, wave attenuation, etc.), and other marine
activities (e.g. recreational and commercial fishing, boating)

8) Policy studies of impacts on current marine conservation 
and managements

9) Studies of visual and aesthetic impacts, and effects on economic
issues (e.g. home values)

 IMPACT IN MASSACHUSETTS:
The ocean coastline is arguably Massachusetts’ largest natural resource.
Substantial electricity could be produced by tapping the power of ocean
waves and tides.  In advance of the potential benefits that marine
renewable energy would yield to the electrical grid in Massachusetts, the
state would benefit from pre-deployment research activities associated
with the Marine Renewable Energy Center in communities such as Fall
River and New Bedford.  These communities boast deep-water ports, low
manufacturing costs, and ample shipyard support, attributes that make
them natural locations for the development and deployment of marine
renewable energy technology manufacturing and construction support.
Furthermore, these development assets would draw new technology
startups to the region. 

 CAMPUS CONNECTIONS: Dartmouth, Boston
The UMass Dartmouth Advanced Technology and Manufacturing Center
(ATMC) has strength is program management, mapping, and sensor
development.  The School of Marine Science and Technology’s (SMAST’s) is
heavily involved with oceanic research through its Coastal Systems Group
conducting on going physical and biological surveys in the Nantucket
Sound and surrounding estuaries.

The UMass Boston Urban Harbors Institute (UHI) has the experience and
expertise to assess development strategies for marine renewable energy.
Specifically, UHI has led a pre-development project for tidal power on 
the harbor islands.

7. MARINE RENEWABLE ENERGY
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 ABSTRACT
Research, education and training in the tools, techniques, and practices of
sustainability impact all tiers of the “built environment” from regional and
neighborhood planning to the architectural design that emphasizes more
efficient and low-energy-footprint homes and building, as well as the use
of “green” construction materials.  An interdisciplinary research and
education program will further develop and promote the best practices of
Smart Growth, Sustainable Design, and Green Construction.  Architects,
landscape designers, planners, and builders in Massachusetts and beyond
will benefit from the outcomes of this program through the techniques
developed and the training programs offered both on campus and
through continuing education outlets, such as UMass Online.

 TECHNOLOGY OUTLOOK
The basic practices of Smart Growth, Sustainable Design, and Green
Construction are well known and can be implemented immediately.
However, only through a sustained program of research and education 
can the reach of these practices be broadened throughout the
Commonwealth.

 RESEARCH PLANS AND PRIORITIES
People and organizations are usually driven to invest in technologies or
systems that cost less. Architects are concerned with the design of
buildings. Builders are concerned with how buildings are built. Clients are
usually concerned with how the building will function and the initial cost.
However, the economics involving costs associated with running a building
over its functional lifetime is more important from an environmental and
economic standpoint. And this aspect is almost always overlooked. Instead
of merely looking at the facility in terms of cost to design and build,
owners can broaden their perspective to include operations, maintenance,
repair, replacement, and disposal costs.  

Research, education and training programs in the broad area of Smart
Growth, Sustainable Design, and Green Construction will focus on the
following seven areas, all coordinated under the banner of the UMASS
“SMART GROWTH CENTER”:

Life Cycle Cost Evaluation: People and organizations are usually driven to
invest in technology or systems that cost less.  The sum of initial and future
costs associated with the construction and operation of a building over a
period of time is called the life cycle cost of a facility. Energy use is an
important part of this analysis.

Commissioning of Buildings: Commissioning buildings is the systematic
process of ensuring that the complex array of equipment that provides
heating, cooling, ventilation, lighting, and other amenities in buildings is
designed, installed, tested to perform interactively and determined
capable of being operated and maintained according to the design intent
and the building owner's operational needs.  The design of the building
systems must certainly be integrated and smart.  However, performance of
the building system must also be analyzed regularly to assure that the
building system and its components meet the design specs or energy use
soars, while performance and human comfort suffer.

Regulatory Issues and Economic Development:  Assisting communities to
understand, evaluate, and quantify regulations and code issues related to
energy specification, design and use to assure that building systems
perform in an energy efficient manner. Training builders, code inspectors
and officials, manufacturers, homeowners and other interested groups on
how to cost effectively implement the energy efficiency standards of the
codes present a significant opportunity for economic development. 

Sustainable Land Development (Smart Growth): There is an essential
nexus between sustainable land development and a reduction in energy
use.  This stems from a wide range of cause-and-effect impacts from
reduced heating and cooling loads due to proper design at the site level,
to the reduced transportation-related use of fossil fuels due to shorter
commutes and alternative modal options.

8. SMART GROWTH, SUSTAINABLE DESIGN, AND GREEN CONSTRUCTION
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Integrating Architecture with Clean Energy Technologies: Architects,
landscape architects, and planners can envision how the engineers' new
technologies will work in the built and natural environment.  Such an
interdisciplinary team can effectively consider important questions, such as:
How can a new wind turbine work the fabric of a city and/or of a
building? What are the impacts of wind farms on particular locations?
How can codes be changed to better encourage sustainable building?    

Zero Energy Houses: An interdisciplinary group of architects and
designers, natural resource specialists, and engineers has the collective
expertise to develop a cutting-edge zero energy house.  A possible goal is
to develop such a house for the next Solar Decathalon competition.

Urban Architecture for Renewable Energy: Collaboration with cities 
such as Springfield and Holyoke provides opportunities to implement 
some of the important best practices of Smart Growth, Sustainable Design,
and Green Construction to the economic development benefit of 
those communities.

 IMPACT IN MASSACHUSETTS
Smart Growth, Sustainable Design, and Green Construction practices
reduce energy expenditures, decrease environmental degradation, and
increase quality of life.  Successful implementation of these practices will
increase livability in Massachusetts and thereby increase population
retention and growth.  The concomitant demand for smart growth
projects, sustainably designed commercial, industrial, and residential
buildings, and green construction contractors will create jobs across a wide
range of sectors, including professional workers and trades people.  

 CAMPUS CONNECTIONS: Amherst
• UMass Amherst Architecture and Design Program
• UMass Amherst Professional Masters Option in Green Building 

offered through the Building Materials and Wood Technology Program

8 . S M A R T  G R O W T H
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 ABSTRACT
Efficiency is the quickest, cheapest, and cleanest way to extend the world’s
energy supplies.  According to the Clean Energy Blueprint study prepared
by the Union of Concerned Scientists, investments in efficiency could
reduce U.S. electricity use in 2020 by about 2,900 billion kWh.  A reduction
of this scale is equivalent to 70% of the nation’s current annual electricity
consumption. 

Energy management- and efficiency-related research at UMASS spans
many disciplines and application areas.  University researchers are engaged
in basic and applied research programs that promise to reduce energy use
and demand in industrial, commercial, and residential settings.  University
computer science researchers are developing innovative methods to
wirelessly govern electrical “load-shedding” in industrial processing plants
during periods of peak demand.  Similar programming approaches to
power system management may be employed to develop longer-lived
portable computing devices.  Research to develop innovative design and
technological solutions for building energy efficiency is aimed at
decreasing consumption and eliminating energy waste in the office and at
home.  Investigations into nanomanufacturing techniques are anticipated
to have applications for high-capacity solid-state batteries and organic
light emitting diodes (OLED), which can reduce the cost and increase the
efficiency of indoor lighting.  Finally, UMASS is one of two university
leaders of the Combined Heat and Power (CHP) Northeast Application
Center, which serves a seven-state territory.  Integrated CHP systems can
offer 30 to 40% improvement in a building’s energy efficiency over today’s
best practices.  This combined portfolio of research activity is poised to
have a substantial impact on energy efficiency practices in the
Commonwealth and beyond.

 TECHNOLOGY OUTLOOK
Research programs focused on current applications of efficiency
technologies include: Building energy efficiency, combined heat and
power, and energy-harvesting wireless sensor networks.  The technologies,
processes, and practices derived from these programs are already having
an impact in the marketplace.

Several intensive research programs underway
are targeting technologies that promise to
have a pronounced effect on the way we use
energy.  They include: Nano-structured OLEDs,
high-capacity (long-life) batteries, and
hierarchical (i.e. “smart”) power management
for portable computing devices. 

 RESEARCH PLANS AND PRIORITIES
Nanomanufacturing research is a point of
significant research strength and a priority for the University.  Investigators
at the Amherst campus are world leaders in the development of powerful
self-assembly techniques that can be used to fabricate exceedingly precise
nanoscopic structures with novel efficiency properties.  Researchers at
UMass Lowell are pioneering processes for high-rate nanomanufacturing
that will ultimately drive down production costs.  Building on the initial
federal grants funding this nanotechnology work is a priority for UMASS.

Energy management in residential, commercial, and industrial settings is a
strength and focus of research in the Computer Science, Mechanical
Engineering, and Architecture and Design Departments.  Impelled by the
persistent and growing demand for efficiency solutions, researchers in
these and other departments continue to develop technologies, processes,
and practices for improved energy management.  Industry partnerships
aimed at refining and implementing energy management solutions is a
priority for UMASS.

The Northeast CHP Application Center is currently working to facilitate
technology transfer and delivery of advanced CHP technologies.  The
priority of the Application Center is to bring together manufacturers,
utilities, building operators, research and development organizations,
industry associations, energy service companies, architects and engineers,
and national laboratory personnel to promote on-site and near-site power
generation, energy recovery, and energy management and utilization for
commercial, institutional, multi-family and community based buildings.  

9. ENERGY MANAGEMENT SYSTEMS AND EFFICIENCY TECHNOLOGIES



A Report of the UMASS Clean Energy Working Group  23

9 . E N E R G Y  M A N A G E M E N T  A N D  E F F I C I E N C Y

 IMPACT IN MASSACHUSETTS
Massachusetts Governor Deval Patrick has made a commitment to to offset
the state's annual increases in electricity demand with equivalent energy-
efficiency and conservation measures by 2010.  In April 2007, the Governor
issued an executive order that requires state agencies to reduce their
overall energy consumption 20% from 2002 levels by 2012 and 35% by
2020.  And, a 2006 study of the CHP potential in Massachusetts determined

that the technical potential for
CHP is greater than 4,700 MW
at 18,500 sites throughout 
the state.7

Already, energy efficiency and
demand response companies
employ 6,300 workers, or 44%
of the total employment in
Massachusetts’ burgeoning
clean energy sector.  The
governor’s efficiency mandates

and the opportunities for business development in CHP and other energy
efficiency sub-sectors will require technological advancements and further
development of a well-trained workforce.  The University of Massachusetts
is a source of both technologies and well-trained workers at all levels.

 CAMPUS CONNECTIONS: Amherst, Lowell
The Center for Energy Efficiency and Renewable Energy at UMass Amherst
is home to the Combined Heat and Power Northeast Application Center,
which is a resource for CHP expertise and innovative research. 

The Center for Hierarchical Manufacturing at UMass Amherst is developing
platform technologies for nanoscale self-assembly of materials with novel
efficiency properties.

The Center for High-Rate Nanomanufacturing at UMass Lowell is focused
on developing scalable nanomanufacturing processes that will ultimately
drive down production costs.
The Building Energy Efficiency Program at UMass Amherst administers
research programs and provides consulting services in thermal
performance of building envelopes and fenestration systems, simulation 
of energy use in buildings, energy audits, building commissioning and
retro-commissioning, among other things.

The Energy Efficient Sensor Networks Group at UMass Amherst is studying
storage devices relevant to the sensor domain in order to find the most
energy-efficient sensor options.

The Center for Sustainable Production at UMass Lowell is leading a 
“Clean Tech Project” with the objective of developing an agenda for 
a Massachusetts economy based on cleaner, more efficient, and 
safer technologies. 

7 http://www.northeastchp.org/uploads/Lauren%20Mattison%20-%20Potential% 
20for%20CHP%20in%20Massachusetts.pdf
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 ABSTRACT
Clean Energy is inextricably linked to policies concerning research and
discovery, industry growth, economic development, employment, and
education.  It is important to both (1) develop public policy research and
outreach strategies that support the development of a clean energy
strategy in Massachusetts and (2) build the systemic understanding of the
barriers and opportunities facing the development and diffusion of clean
energy technologies and businesses.  A range of research projects are
underway to explore policies questions related to the development of the
clean energy sector, including: economic analysis and business
development needs assessment of the renewable energy sector;
investment and public finance strategies for energy efficiency and
alternative energy; macroeconomic impacts of the transition to a clean
energy economy; decision-analysis tools to help state government officials
expedite the deployment of clean energy in Massachusetts; and
benchmarking studies of the economic and policy environment in the
Commonwealth in comparison with other competitor states.

 RESEARCH PLANS AND PRIORITIES
Investment and public finance strategies to promote clean energy:
Development of the “Sky Trust” policy, a program of carbon fees coupled
with revenue recycling and public investment in green technology. The
“cap and rebate” policy combines auctioning carbon permits, an effective
means to curb U.S. carbon emissions from burning fossil fuels, with rebates
on a per capita basis.

Job Creation and the Transition to a Clean Energy Economy: If a
significant share of policymakers and the public believe that
environmental sustainability can only be addressed at the expense of jobs
and prosperity, effective long-term research and development investments
will be opposed or minimized.  The policy analysis project entitled, “A
Unified Plan for Job Creation and a Renewable Energy Economy” examines
the likely employment and fiscal impacts of several re-engineering
programs and industrial policies.  The vision for this program is to design a
workable national policy that will accomplish two things:  1) maximize the
expansion of economically viable job opportunities in the United States
over the coming generation; and 2) rebuild the economy on a foundation

of clean energy and conservation.  The goal of this project is to examine
carefully the degree to which—and the ways in which—action on
environmental sustainability and economic well-being for working people
in the Commonwealth, as well as people nationally and internationally,
can become mutually supportive policy goals.

Getting the environment right for R&D and transformation: A project to
optimize the environment for innovation.  Innovation policy experts differ
on the value of
creating a
favorable
institutional
environment for
innovation
(through grants,
prizes, credit,
intellectual
property,
commercialization
assistance, etc.) in
order to allow
winners to emerge
versus large-scale
industrial policy.
Microeconomic
theory points to the former but the historic transformations of the
American economy have tended towards the latter.  This research project
uses complex, sophisticated policy models to test the effects of alternative
policies in the laboratory – that is, before implementation.  Such an
approach can provide policymakers with critical information about the
choices they will face in crafting the energy policy strategy for
Massachusetts.

Making Wise Investments in Technology Policy Instruments: Policy makers
face a wide range of possible policy instruments for supporting innovation,
and a wide range of promising energy technologies in which they are

10. ECONOMIC AND POLICY ANALYSIS OF CLEAN ENERGY AND CLIMATE CHANGE
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persuaded to invest.  This project will inform policy makers about the
potential impact that investments into new energy technologies can have
on climate change.  Importantly, the project will also take into
consideration the relative importance of policies aimed at getting new
technologies “on the shelf” (through direct funding and subsidies for R&D)
versus policies aimed at getting new technologies “off the shelf” (through
technology standards, subsidies, and environmental policy).

Benchmarking Massachusetts for Clean Energy: This project will answer
the following questions: How does the Massachusetts economy and policy

environment for
clean energy
compare to the
leading states in
the nation and the
leading regions in
the global
economy?  What
are key areas of
“best practice” 
and how can
Massachusetts lead
or quickly adapt to
stay out in front?
What are the areas
of “competitive

advantage” for the state compared to other regions and how can these
best be developed?

Biofuels as a driver of rural economic development: The necessarily
distributed nature of biofuels production in particular holds great
potential for the mostly rural communities that supply the state’s forest
products sector, which already accounts for 10% of the Massachusetts
economy.  Further analysis is needed on the socioeconomic aspects of clean
energy technologies, impact of biofuel development on commodity prices,
land use, and economic development in our region.  UMASS researchers

are already working with the Massachusetts Division of Energy Resources
(DOER) and the Department of Conservation and Recreation (DCR) to
evaluate the forest health and economic impacts of biofuels production 
in Massachusetts.

Industry cluster assessment: The Massachusetts clean energy industry
sector assessment includes: sector impact on regional economies;
comparisons of corporate strategies for clean energy and climate change;
analysis of carbon trading schemes; organizational dimensions of
sustainability; and the clean energy potential of Massachusetts harbors
and coastal regions.

 IMPACT IN MASSACHUSETTS
The clean energy sector is poised to be 10th largest industry in
Massachusetts with a growth rate projected at over 20% per year. The
clean energy industry is on track to generate 75,000 jobs in Massachusetts
over the next ten years.  Economic and policy analysis are vitally important
for the development of a regional strategy that will enable Massachusetts
to capture the full economic development potential of the broad and
diverse clean energy sector.  It is critical that policy makers get targeted
and timely policy analyses and guidance because the decisions they make
will affect not only research and development in science and technology,
but also economic development, specifically with respect to the transition
away from certain industries and toward others.  The transition will affect
employment patterns, job growth and decline, and regional economic
impacts.  Policy studies designed to model the effects of this transition in
advance of its occurrence will provide the Commonwealth an advantage
in the exceedingly competitive arena of clean energy.

 CAMPUS CONNECTIONS: Amherst, Boston
• UMass Amherst Science and Technology in Society program
• UMass Amherst Center for Public Policy and Administration
• UMass Amherst Political Economy Research Institute
• UMass Boston Environmental Business and Technology Center
• UMass Boston Urban Harbors Institute 
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Clean energy is an exceedingly broad area and, as illustrated in the
preceding spotlight sections, UMASS has extensive depth and diversity of
expertise throughout.  Each of the research initiatives featured above has
tremendous potential to produce for Massachusetts the dual dividends of
new technologies and a trained workforce.  Each can be accelerated,
advanced, and expanded through strategic investments in:

• State-of-the-art facilities and instrumentation

• Seed and matching grants for development of research and
education projects

• Faculty talent recruitment and retention funds 

Outlined below are several mechanisms intended to incentivize university-
industry collaboration, technology development, and targeted workforce
training.  In particular, we see the Strategic Envirotechnology Partnership
(STEP) program (1994-2001) formerly coordinated through the University
of Massachusetts as a model of industry extension and university-state
government cooperation, which could be resurrected in some form to
advance and expand the Commonwealth’s clean energy sector.
Applied in combination, the types of investments listed below would
enable the University community of researchers and students to fully
develop the range of clean energy technologies, expertise, and skills that
we urgently need in Massachusetts to compete successfully for clean
energy leadership both nationally and internationally.

THE THREE OVERARCHING OBJECTIVES OF THE AFOREMENTIONED
STRATEGIC INVESTMENTS ARE TO:

1. Create necessary infrastructure for world-class clean energy R&D.
Infrastructure investments include:
• State-of-the-art core facilities and instrumentation
• Resources for faculty talent attraction and retention
• Professional staff for center management and 

industry outreach

2. Increase competitiveness for major clean energy research and
demonstration centers (federal and industry funded).

Mechanisms include:
• A “Clean Energy Center” á la the Massachusetts Life 

Sciences Center, with a charge to administer grants for 
students and faculty working on clean energy projects, play 
the role of university-industry matchmaker, and promote 
public outreach and education drawing from university-
based expertise

• Center development seed grants and technology 
development grants

3. Foster industry partnerships and collaborations to 
accelerate innovation.

Mechanisms include:
• A STEP-like industry-extension program focused on 

clean energy
• SBIR/STTR matching grants 
• Curriculum development and training grants 
• Technology Innovation Centers: regional innovation labs 

and partnership space

Through these types of strategic investments and a concerted campaign 

of research, education, training, and outreach, UMASS, in partnership with

state government, can make a substantial contribution to the developing

clean energy industry cluster in Massachusetts.

V. RECOMMENDATIONS
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APPENDIX 1: CLEAN ENERGY-RELATED SPONSORED RESEARCH FUNDING 

C h a rt 1: 
UMASS Clean Energy-Related Sponsored Research Funding Increased 

M o re Than 170% from 1998 to 2006*

*Data unavailable for UMass Dartmouth 1998-2001
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APPENDIX 1: CLEAN ENERGY-RELATED SPONSORED RESEARCH FUNDING continued

C h a rt 2:
A variety of sponsors supported clean energ y - related re s e a rch at UMASS campuses from 1998 to 2006* with a majority of federal funding

d i rected to the Amherst campus and notable levels of industry funding at both Lowell and Amherst.

*Data unavailable for UMass Dartmouth 1998-2001
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APPENDIX 2: NEW ENGLAND CLEAN ENERGY COUNCIL 2007 WORKFORCE SUMMIT FINDINGS

The New England Clean Energy Council held a workforce summit on October 30, during which participants from industry, state-, municipal-, and 
quasi-government agencies, labor unions, and higher education identified critical workforce skills gaps and proposed “acceleration initiatives” to grow
the region’s clean energy economy.

Clean energy growth/skills gap categories identified during the NECEC workforce summit:
• Energy auditors: industrial, commercial & residential
• Installers/retrofit & conversion (e.g., PV & solar thermal, insulation)
• Technicians: lab, mfg, engineering tech 
• Engineers w/ energy training & energy scientists
• Green design & construction (e.g., LEED accredited w/ energy focus)
• Facilities & operations management (e.g., certified energy managers)
• Trainers/educators (industry & academic, credit & non-credit)
• Public communications/education (w/ energy or sustainability training)

Workforce summit participants also suggested a number of initiatives that should be implemented over the next 1-2 years to develop a world-class 
clean energy workforce in Massachusetts that keeps pace with rising job/skill demands:

Jobs-specific: 
1. Clean energy curriculum development for K-12 and higher education
2. Funding for priority initiatives (clean energy jobs bill, university R&D)
3. Low-income community partnership and investment
4. Licensure/certification
5. Jobs demand forecast using multiple inputs (e.g., policy, employers)
6. Information clearinghouse for jobs, educational/training programs,  internships and related topics (e.g., career pathing)

Policy/Awareness-focused:
1. Public awareness & civic engagement
2. Upgrade building code/zoning policy to spur demand
3. Align permitting, zoning w/ global standards & best practices to drive projects
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STATE INVESTMENT DESCRIPTION STATE
(MILLIONS)

FUNDING FOR RESEARCH

$100 Some amount of the $100 million Iowa Power Fund authorized to make grants and loans that will Iowa
accelerate in-state R&D and knowledge transfer and will improve the economic competitiveness 
of the state’s renewable energy industry

$20 Competitive grants program for renewable energy research through the Initiative for Renewable Energy Minnesota 
and the Environment (~70% of funds go to university research)

$15 Renewable energy grant and loan program to fund R&D, including demonstration projects into renewable Wisconsin 
energy technologies, development of renewable energy sources and infrastructure, the commercial 
application of renewable energy technology sources, and construction of one or more cellulosic ethanol 
production plants.

$15 To be awarded as grants over four years for research related to hydrogen production, storage, distribution South Carolina 
and dispensing infrastructure (part of Hydrogen Infrastructure Development Act)

$10 Switchgrass and ethanol research at the University of Tennessee and Oak Ridge National Laboratory * Tennessee

$10 Energy Innovation Fund to provide financial support for applied research and commercialization of New Mexico 
clean energy technologies

$7.9 Alternative energy development programs, including biomass demonstration project; North Dakota
biomass research (PACE fund)

$4.25 Renewable energy research funding pool, with $1.4 million designated to Next Generation Energy Minnesota
Grants for biofuels and biomass research

$3 Non-biomass alternative fuels research Tennessee

$2 Seed money to be used to increase competitiveness for federal bioenergy research grants Colorado

$1 Competitive grants program for university-based research projects that specifically address energy Tennessee
efficiency and renewable energy opportunities

* Associated with one of the three $125 million DOE GTL Bioenergy Research Centers awarded in 2007.

APPENDIX 3: BENCHMARKING STATE INVESTMENT IN UNIVERSITY-BASED CLEAN ENERGY RESEARCH

8 Data for New Mexico, Oregon, South Carolina, and Tennessee graciously provided by Dan Berglund, SSTI. Berglund, D. 2007 What’s Next for TBED.
Presentation delivered during the State Science and Technology Conference. Baltimore, MD.  October 19, 2007.

8
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STATE INVESTMENT DESCRIPTION STATE
(MILLIONS)

CAPITAL INVESTMENTS

$100 Bioenergy research building * Wisconsin

$70 Two energy research centers * California

$40 $10 million annual state appropriation over 4 years for a Bioenergy Center (U.O., OK State, Noble Foundation) Oklahoma 
– focus on cellulosic biofuels

$40 5 million gal/yr demonstration-scale biofuels production facility * Tennessee

$30 Energy/Nanotechnology research facility associated with the Helios Project California

$20 Cellulosic ethanol demonstration plant at the University of Florida Florida

$11.6 Bioenergy Research Center at Oak Ridge National Laboratory * Tennessee

$7 Agricultural greenhouse as part of governor’s renewable energy plan North Dakota

$5.2 Commercial-scale wave energy research park (nation’s first), affiliated with Oregon State University Oregon

$5.05 Solar Energy Center at NC State University North Carolina

$5 North Carolina Biofuels Center North Carolina

$3 Bioenergy research equipment * Tennessee

$2.5 Bio-Economy and Sustainable Technologies Center to focus on clean energy, bio-based products Oregon 
and green building

$0.9 Center for Energy Research and Technology and the Energy Center at Appalachian State University North Carolina

TALENT FUNDS

$4 New faculty hires in bioenergy research * Wisconsin

$3-5 Faculty positions in support of bioenergy research * Tennessee

* Associated with one of the three $125 million DOE GTL Bioenergy Research Centers awarded in 2007.

9 Data for New Mexico, Oregon, South Carolina, and Tennessee graciously provided by Dan Berglund, SSTI. Berglund, D. 2007 What’s Next for TBED. 
Presentation delivered during the State Science and Technology Conference. Baltimore, MD.  October 19, 2007.

9
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Many states have established SBIR/STTR matching funds to stimulate university-industry research collaborations.  While they are not explicitly geared to
clean energy, such matching grants are particularly useful for clean energy because of the urgent need to bring new technologies to market.

APPENDIX 3: BENCHMARKING STATE INVESTMENT IN UNIVERSITY-BASED CLEAN ENERGY RESEARCH continued

SBIR/STTR MATCHING FUNDS 

STATE INCENTIVE FUNDS AMOUNT(S)

Kentucky Yes - Phase I and Phase II $500,000 

Indiana Yes - Phase I and Phase II $350,000 

Ohio Yes - Phase I $350,000 

North Carolina Yes - Phase I and Phase II $100,000 

Illinois Yes - Phase 0 - Phase I 50% $50,000 

New Jersey Yes - Phase II  $50,000 

Hawaii Yes - Phase I $25,000 

Oklahoma Yes - Phase I and Phase II $25,000 

Michigan Yes - Phase I $15,000 

Maine Yes - Phase 0 $5,000 

Montana Yes - Phase 0 $5,000 

West Virginia Yes - Phase 0 $5,000 

Wyoming Yes - Phase 0 $5,000 

Idaho Yes - Phase 0 $4,000 

South Carolina Yes - Phase 0 $4,000 

Florida Yes - Phase 0 $3,000 

Oregon Yes - Phase 0 $3,000 

Pennsylvania Yes - Phase 0 $3,000 

Wisconsin Yes - Phase 0 $3,000 

Mississippi Yes - Phase 0 - Phase I $2,500 

10 SBIR/STTR matching funds data courtesy of Tab Wilkins, Senior Technology Advisor.  U.S.
National Institute of Standards and Technology, Manufacturing Extension Partnership.

10 
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APPENDIX  4: UMASS RESEARCH IN THE CONTEXT OF CLEAN ENERGY APPLICATIONS
Terms below correspond to the headings in the UMASS clean energy research matrix (See Figure 3).

BIOFUELS AND BIOPRODUCTS: THE INTEGRATED BIOREFINERY
• Biological conversion of biomass [A]
• Biomanufacturing [L]
• Biomass agronomy and forestry  [A]
• Biomass gasification [L]
• Cellular engineering [A]
• Chemical catalytic conversion of biomass [A]
• Computational analysis [A]
• Economics and sustainability of forest resource extraction [A]
• Hydrogen production [A]
• Plant bioengineering (for optimization of bioenergy crops) [A/D/L]

CARBON CYCLING/CLIMATE CHANGE
• Biology of carbon cycling [A/B/L]
• Climate systems [A/B]
• Carbon sequestration [L]

ENERGY MANAGEMENT (EFFICIENCY)
• Low-power device networks [A]
• Hierarchical power management (for electronic devices, e.g. laptops) [A]
• Energy scavenging [A]

FUEL CELLS
• Advanced polymer membranes/fundamentals of proton conductance [A]
• Bio-hybrid hydrogen oxidizers [A]
• Electrochemical storage cells [B/L]
• Hydrogen storage [L]
• Microbial fuel cell systems [A]

GEOTHERMAL ENERGY
• Inventory and assess bedrock for use in municipal geothermal energy/heating systems in New England [A]
• Energy Analysis and Theoretical thermodynamics [A/D]

GREEN DESIGN, CONSTRUCTION, AND PLANNING 
• Integrated design (energy generation co-located with end use) [A]
• Integrated renewable energy generation systems [A/L]
• Smart growth practices [A]
• Zero energy homes [A]

INDUSTRY CLUSTER AND MARKET ASSESSMENT
• Benchmarking best practices in clean energy for Massachusetts [A/L]
• Economic impacts of clean energy use: production location, industry growth, workforce challenges, and

implications for public health [A/B/D]
• Market adoption of new technologies [A]

MARINE RENEWABLE ENERGY (WIND, WAVE, TIDAL)
• Non-corrosive materials [A/D]
• Real-time monitoring and control systems [A/D]
• Benthic habitat loss or disturbance [D]
• Boston harbor islands renewables planning [B]
• Effects on coastal processes (e.g. sediment transport, wave attenuation, etc.) [B/D]

[A] = Amherst

[B] = Boston    

[D] = Dartmouth

[L] = Lowell
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APPENDIX  4: UMASS RESEARCH IN THE CONTEXT OF CLEAN ENERGY APPLICATIONS
MARINE RENEWABLE ENERGY (WIND, WAVE, TIDAL) CONTINUED

• Effects on other marine activities (e.g. recreational and commercial fishing, boating, etc.) [B/D]
• Effects on resident or migratory species [D]
• Fish attraction, entrainment and impingement potentials of technologies [D]
• Minimization of leaks, spills of other contamination [D]
• Policy studies of impacts on current marine conservation and managements. [B/D]
• Studies of visual and aesthetic impacts, and effects on economic issues (e.g. home values) [B/D]
• Turbine, mooring and cable modeling, design and optimization [A/D]
• Water and habitat impacts of construction and decommissioning effects [D]

NUCLEAR POWER
• Nuclear engineering [L]

POLICY AND ECONOMICS ANALYSES (APPLIES TO ALL APPLICATIONS)
• Innovation / research and development policy [A/B]
• Technology policy instruments (decision-making tools for policy makers) [A/B]
• Fiscal and employment impacts of transition to clean energy [A/B]
• Investments and public finance strategies to promote clean energy [A]

SOLAR POWER
• Dendrimer bio-mimics of photoactive proteins [A]
• Electrochemistry [A/L]
• Integrated PV technology development, residential deployment, and training [L]
• Nanoscale structural control and synthesis [A/L]
• Organic optoelectronics [A/L] 
• Organic-inorganic composite photoactive materials [A/L]
• Partnerships for device development using advanced materials [A/L]
• Photovoltaic textiles [D]

SUSTAINABILITY AND SOCIAL VENTURING
• Dynamics of collaborations for sustainability, focusing on governance and multi-party

negotiations in climate change, regional climate-change policies, and regional renewable energy
industry [A/B]

• Organizational change and management of sustainability and social venturing [B]
• Sustainability as an organizational mindset and a viable business model with an integration of

for-profit and non-profit sectors. [B]

WIND ENERGY
• Acoustics and structural dynamics [L]
• Hydrogen production by hydrolysis using electricity generated from turbines [A]
• Off-shore wind [A/B]
• Polymer-based composites (blade materials) [A/L]
• Prognostics and health management for wind turbines [A/L]
• Prognostics/remote monitoring/diagnostics [A/L]
• Sensing and characterization of external conditions [A]
• Structural marine geology [B/D]
• Study and design of smart, reliable wind turbines [A]
• Study of external design conditions (wind, ocean and their interaction) [A/D]
• Study of technologies for monitoring, optimization and control of wind turbine arrays [A]
• Turbine design [A]

[A] = Amherst

[B] = Boston    

[D] = Dartmouth

[L] = Lowell
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RESEARCH AREA RESEARCH TARGET LAST NAME FIRST NAME CAMPUS DEPARTMENT

Advanced Polymers and Nanomaterials Organic optoelectronics Thayumanavan Sankaran A Chemistry

Advanced Polymers and Nanomaterials Organic optoelectronics Tuominen Mark A Physics

Advanced Polymers and Nanomaterials Organic optoelectronics Barnes Michael A Chemistry

Advanced Polymers and Nanomaterials Nano-imprint lithography Thayumanavan Sankaran A Chemistry

Advanced Polymers and Nanomaterials Nano-imprint lithography Watkins James A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nano-imprint lithography Crosby Alfred A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nano-imprint lithography Carter Ken A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nano-imprint lithography Desu Seshu A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nanoporous membranes Thayumanavan Sankaran A Chemistry

Advanced Polymers and Nanomaterials Nanoporous membranes Russell Thomas A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nanoporous membranes Coughlin E. Bryan A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nanoparticle-polymer combo. Emrick Todd A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nanoparticle-polymer combo. Carter Ken A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nanofabrication - block copolymers Russell Thomas A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nanofabrication - block copolymers Watkins James A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nanofabrication - block copolymers Tuominen Mark A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nanofabrication - block copolymers Rotello Vincent A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Nanofabrication - block copolymers Gido Samuel A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Bio-hybrid materials Thayumanavan Sankaran A Chemistry

Advanced Polymers and Nanomaterials Bio-hybrid materials Hardy Jeanne A Chemistry

Advanced Polymers and Nanomaterials Bio-hybrid materials Venkataraman Dhandapani A Chemistry

Advanced Polymers and Nanomaterials Bio-hybrid materials Maroney Michael A Chemistry

Advanced Polymers and Nanomaterials High-strength, lightweight materials Lesser Alan A Polymer Science and Engineering

Advanced Polymers and Nanomaterials High-strength, lightweight materials Farris Richard A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Conductive Nanotubes/quantum dots Barnes Michael A Chemistry

Advanced Polymers and Nanomaterials Nanomagnetics Tuominen Mark A Physics

Advanced Polymers and Nanomaterials Nanomagnetics Achermann Mark A Physics

Advanced Polymers and Nanomaterials Nanomagnetics Andras Moritz Csaba A Electrical and Computer Engineering

Advanced Polymers and Nanomaterials Zeolites Auerbach Scott A Chemistry

Advanced Polymers and Nanomaterials Zeolites Conner W. Curtis A Chemical Engineering

Advanced Polymers and Nanomaterials Polymer-inorganic nanocomposites Coughlin E. Bryan A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Polymer-inorganic nanocomposites Emrick Todd A Polymer Science and Engineering

Advanced Polymers and Nanomaterials Polymer-inorganic nanocomposites Farris Richard A Polymer Science and Engineering

APPENDIX 5: UMASS FACULTY ASSOCIATIONS WITH CLEAN ENERGY MATRIX (SEE FIGURE 3) 
AND SPOTLIGHT INITIATIVES11 

11 List may not include all faculty members working in these areas.  Research targets are intended as examples only.



A P P E N D I X  5

 36 Clean Energy for the Commonwealth Powered by The University of Massachusetts  

RESEARCH AREA RESEARCH TARGET LAST NAME FIRST NAME CAMPUS DEPARTMENT

Advanced Polymers and Nanomaterials Polymer-inorganic nanocomposites Lesser Alan A Polymer Science and Engineering
Advanced Polymers and Nanomaterials Nano-structured catalysts Huber George A Chemical Engineering
Advanced Polymers and Nanomaterials Nano-structured catalysts Conner W. Curtis A Chemical Engineering
Advanced Polymers and Nanomaterials Nano-structured catalysts Ford David A Chemical Engineering
Advanced Polymers and Nanomaterials Electrochemistry (solar/hydrogen), Licht Stuart B Chemistry

photocatalysis
Advanced Polymers and Nanomaterials Electrochemistry (solar/hydrogen) Qu Deyeng B Chemistry
Advanced Polymers and Nanomaterials Photovoltaic textiles Calvert Paul D Textiles
Advanced Polymers and Nanomaterials Photovoltaic textiles Fan Qinquo D Textiles
Advanced Polymers and Nanomaterials Biomanufacturing Lawton Carl L Chemical Engineering
Advanced Polymers and Nanomaterials Microfluidics, miniaturization Sun Hongwei L Mechanical Engineering
Advanced Polymers and Nanomaterials Organic optoelectronics Kumar Jayant L Physics
Advanced Polymers and Nanomaterials Nano-scale synthesis Manohar Sanjeev L Chemical Engineering
Advanced Polymers and Nanomaterials Hydrogen storage Kwon Young-Kyun L Physics
Advanced Polymers and Nanomaterials Hydrogen storage Schmidt Daniel L Plastics Engineering
Advanced Polymers and Nanomaterials Hydrogen storage Therrien Joel L Electrical and Computer Engineering
Advanced Polymers and Nanomaterials Nano-scale synthesis Gu Zhiyong L Chemical Engineering
Advanced Polymers and Nanomaterials Thermal-electronics, Charmchi Majid L Mechanical Engineering

biomass gasification
Advanced Polymers and Nanomaterials Nanomanufacturing with polymers Mead Joey L Plastic Engineering
Advanced Polymers and Nanomaterials Nano-plastics processing Barry Carol L Plastic Engineering
Advanced Polymers and Nanomaterials Enzymatic/biomimetic polymer synthesis Nagarajan Ram L Plastic Engineering
Building Design Integrated solar/hydrogen fuel systems Duffy John L Mechanical Engineering
Building Design/Efficiency Heat transfer/fenestration Curcija Charlie A Mechanical and Industrial Engineering 

(Architecture+Design Program)
Building Design/Efficiency Green building materials Fisette Paul A Natural Resources and Conservation  

(Architecture+Design Program)
Building Design/Efficiency Integrated energy efficiency/ Schreiber Stephen A Art, Architecture and Art History

generation technologies (Architecture+Design Program)
Chemical Catalysis Fundamental biofuels reactions Huber George A Chemical Engineering
Chemical Catalysis Fundamental biofuels reactions Conner W. Curtis A Chemical Engineering
Chemical Catalysis Fundamental biofuels reactions Yngvesson Sigfrid A Electrical and Computer Engineering
Chemical Catalysis Catalysts synthesis/characterization Conner W. Curtis A Chemical Engineering
Chemical Catalysis Catalysts synthesis/characterization Huber George A Chemical Engineering
Chemical Catalysis Biorefining Huber George A Chemical Engineering
Climate Change Climate systems Bradley Raymond A Geoscience
Climate Change Carbon cycling Dukes Jeffrey B Biology
Climate Change Climate systems Lichtenstein Benyamin B Management
Climate Change Corporate responses to climate change Levy David B Management
Climate Change Carbon cycling Chen Bob B Environmental, Coastal, and Ocean 

Sciences
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RESEARCH AREA RESEARCH TARGET LAST NAME FIRST NAME CAMPUS DEPARTMENT

Climate Change Climate systems Reinisch Bodo L Environmental, Earth, and 
Atmospheric Sciences

Climate Change Climate systems Song Paul L Environmental, Earth, and 
Atmospheric Sciences

Climate Change Carbon cycling/sequestration Golomb Daniel L Environmental, Earth, and 
Atmospheric Sciences

Computational Fluid Dynamics Dynamics of stably stratified flows de Bruyn Kops Stephen A Mechanical and Industrial Engineering
Computational Fluid Dynamics Turbulence modeling Perot Blair A Mechanical and Industrial Engineering
Computational Fluid Dynamics Fuel injection (atomization) modeling Schmidt David A Mechanical and Industrial Engineering
Computational Fluid Dynamics Direct numerical simulations de Bruyn Kops Stephen A Mechanical and Industrial Engineering
Computational Fluid Dynamics Direct numerical simulations Perot Blair A Mechanical and Industrial Engineering
Computational Fluid Dynamics Direct numerical simulations Schmidt David A Mechanical and Industrial Engineering
Computational Fluid Dynamics Direct numerical simulations Rothstein Jonathan A Mechanical and Industrial Engineering
Electrical Systems Quantum electronics Tuominen Mark A Physics
Electrical Systems Quantum electronics Anderson Neal A Electrical and Computer Engineering
Electrical Systems Semiconductor thin films Carter Ken A Polymer Science and Engineering
Electrical Systems Semiconductor thin films Russell Thomas A Polymer Science and Engineering
Electrical Systems Semiconductor thin films Watkins James A Polymer Science and Engineering
Electrical Systems Semiconductor thin films Tuominen Mark A Polymer Science and Engineering
Electrical Systems Microelectronics Carter Ken A Polymer Science and Engineering
Electrical Systems Microelectronics Russell Thomas A Polymer Science and Engineering
Electrical Systems Microelectronics Watkins James A Polymer Science and Engineering
Electrical Systems Microelectronics Tuominen Mark A Polymer Science and Engineering
Electrical Systems Cory Les D Electrical and Computer Engineering
Electrical Systems Supercapacitors, hybrid systems Salameh Ziyad L Electrical Engineering
Energy Management/Efficiency Hierarchical power management Corner Mark A Computer Science
Energy Management/Efficiency Hierarchical power management Ganesan Deepak A Computer Science
Energy Management/Efficiency Hierarchical power management Shenoy Prashant A Computer Science
Energy Management/Efficiency Hierarchical power management Fu Kevin A Computer Science
Energy Management/Efficiency Hierarchical power management Levine Bryan A Computer Science
Energy Management/Efficiency Hierarchical power management Miklau Gerome A Computer Science
Energy Management/Efficiency Low-power device networks Ganesan Deepak A Computer Science
Energy Management/Efficiency Low-power device networks Shenoy Prashant A Computer Science
Energy Management/Efficiency Low-power device networks Corner Mark A Computer Science
Energy Management/Efficiency Energy scavenging Gao Robert A Electrical and Computer Engineering
Energy Policy/Economic Analysis Investment and finance strategies Boyce James A Economics 
and Industry Assessment
Energy Policy/Economic Analysis Macroeconomics - job creation Pollin Robert A Economics
and Industry Assessment
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RESEARCH AREA RESEARCH TARGET LAST NAME FIRST NAME CAMPUS DEPARTMENT

Energy Policy/Economic Analysis and Industry Assessment Outreach, policy guidance Fountain Jane A Political Science and Public Policy

Energy Policy/Economic Analysis and Industry Assessment Optimization of energy innovation environment Ash Michael A Economics

Energy Policy/Economic Analysis and Industry Assessment Optimization of energy innovation environment Gibson William A Economics

Energy Policy/Economic Analysis and Industry Assessment Decision analysis for carbon-reducing technologies Baker Erin A Mechanical and Industrial Engineering

Energy Policy/Economic Analysis and Industry Assessment Market analysis Chan Kwong A Marketing

Energy Policy/Economic Analysis and Industry Assessment Systems of systems analysis Nagurney Anna A Finance and Operations Mangement

Energy Policy/Economic Analysis and Industry Assessment Natural resource economics (forest biomass) Damery David A Natural Resources and Conservation

Energy Policy/Economic Analysis and Industry Assessment Moffit L. Joseph A Resource Economics

Energy Policy/Economic Analysis and Industry Assessment Murphy James A Resource Economics

Energy Policy/Economic Analysis and Industry Assessment Stevens Thomas A Resource Economics

Energy Policy/Economic Analysis and Industry Assessment Stranlund John A Resource Economics

Energy Policy/Economic Analysis and Industry Assessment Decision analysis for carbon-reducing technologies Keisler Jeffrey B Management Science and 

Information Systems

Energy Policy/Economic Analysis and Industry Assessment Regional clean energy business cluster analysis Levy David B Management

Energy Policy/Economic Analysis and Industry Assessment Regional clean energy business cluster analysis Terkla David B Economics

Energy Policy/Economic Analysis and Industry Assessment "Triple bottom line" data tracking and analysis Sulkowski Adam D Management

Environmental Engineering Waste-water recovery/re-use Ergas Sarina A Civil and Environmental Engineering

Environmental Engineering Waste-water recovery/re-use Ahlfeld David A Civil and Environmental Engineering

Flame Modeling Combustion chemistry Westmoreland Phillip A Chemical Engineering

Flame Modeling Combustion chemistry Oliaei Omid A Electrical and Computer Engineering

Geologic Assessment Analytical geology Williams Michael A Geoscience

Geologic Assessment Geochemistry Rhodes Michael A Geoscience

Geologic Assessment Hydro-geology Boutt David A Geoscience

Geologic Assessment Structural geology Cooke Michele A Geoscience

Geologic Assessment Geologic mapping Mabee Steven A Geoscience

Marine/Coastal Resource Science and Management Urban harbors Wiggin Jack B Urban Harbors Institute

Marine/Coastal Resource Science and Management Structural marine geology Gontz Allen B Environmental, Earth, and Ocean Sciences

Marine/Coastal Resource Science and Management Marine-based renewable energy Bhowmick Sankha D Mechanical Engineering

Marine/Coastal Resource Science and Management Innundation and tidal modeling Brown Wendell D School of Marine Science and Technology

Marine/Coastal Resource Science and Management Marine electronics/optics Fain Gilbert D Electrical Engineering

Marine/Coastal Resource Science and Management Marine systems Friedman Peter D Mechanical Engineering

Marine/Coastal Resource Science and Management Economic impacts of marine renewables Georgianna Daniel D Economics

Marine/Coastal Resource Science and Management Turbulent wave modeling Goodman Lou D School of Marine Science and Technology

Marine/Coastal Resource Science and Management Impact analysis of marine renewables Howes Brian D School of Marine Science and Technology

Marine/Coastal Resource Science and Management Marine-based networks Michel Howard D Electrical and Computer Engineering

Marine/Coastal Resource Science and Management Signal processing Nardone Steven D Electrical Engineering

Marine/Coastal Resource Science and Management Marine carbon cycling Pilskaln Cynthia D School of Marine Science and Technology

Marine/Coastal Resource Science and Management Marine engineering Rice John D Mechanical Engineering

Marine/Coastal Resource Science and Management Roy T.K. D Mechanical Engineering
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RESEARCH AREA RESEARCH TARGET LAST NAME FIRST NAME CAMPUS DEPARTMENT

Marine/Coastal Resource Science and Management Physical oceanography Tandon Amit D Physics

Marine/Coastal Resource Science and Management Direct numerical simulations (PEM fuel cell) Jung Jae-Hun D Mathematics

Mechanical Engineering, Mechatronics, and System Design Wind resource assessment Manwell James A Mechanical and Industrial Engineering

Mechanical Engineering, Mechatronics, and System Design Wind resource assessment McGowan Jon A Mechanical and Industrial Engineering

Mechanical Engineering, Mechatronics, and System Design Wind energy (offshore) Manwell James A Mechanical and Industrial Engineering

Mechanical Engineering, Mechatronics, and System Design Wind energy (offshore) McGowan Jon A Mechanical and Industrial Engineering

Mechanical Engineering, Mechatronics, and System Design Wind - prognostics/monitoring Rotea Mario A Mechanical and Industrial Engineering

Mechanical Engineering, Mechatronics, and System Design Wind - prognostics/monitoring Gao Robert A Electrical and Computer Engineering

Mechanical Engineering, Mechatronics, and System Design Wind - meteorology/monitoring Muschinsky Andreas A Mechanical and Industrial Engineering

Mechanical Engineering, Mechatronics, and System Design Wind - computer simulations Perot Blair A Mechanical and Industrial Engineering

Mechanical Engineering, Mechatronics, and System Design Wind - turbine materials Hyers Robert A Mechanical and Industrial Engineering

Mechanical Engineering, Mechatronics, and System Design Wind - structural reliability Arwade Sanjay A Civil and Environmental Engineering

Mechanical Engineering, Mechatronics, and System Design Control design, robotics (fuel cells) Meressi Tesfay D Mechanical Engineering

Mechanical Engineering, Mechatronics, and System Design Wind – structural dynamics, vibrations Avitable Peter L Mechanical Engineering

Mechanical Engineering, Mechatronics, and System Design Wind – acoustics, structural health, monitoring Niezrecki Christopher L Mechanical Engineering

Mechanical Engineering, Mechatronics, and System Design Wind – composite materials Chen Julie L Mechanical Engineering

Mechanical Engineering, Mechatronics, and System Design Wind – FEA of composite materials Sherwood James L Mechanical Engineering

Mechanical Engineering, Mechatronics, and System Design Wind – polymers and nanocomposites Reynaud Emmanuelle L Mechanical Engineering

Microbial Biotechnology Geobacter spp. Lovley Derek A Microbiology

Microbial Biotechnology Clostridium phytofermentans Leschine Susan A Microbiology

Microbial Biotechnology In-silico modeling Lovley Derek A Microbiology

Microbial Biotechnology In-silico modeling Henson Michael A Chemical Engineering

Microbial Biotechnology In-silico modeling Blanchard Jeffrey A Microbiology

Microbial Biotechnology Directed evolution Sun Lianhong A Chemical Engineering

Microbial Biotechnology Metabolic engineering Roberts Susan A Chemical Engineering

Nuclear Engineering Brown Gil L Chemical Engineering

Nuclear Engineering White James L Chemical Engineering

Nuclear Engineering Sheff James L Chemical Engineering

Plant Biotechnology Schnell Danny A Biochemistry and Molecular Biology

Plant Biotechnology Baskin Tobias A Biochemistry and Molecular Biology

Plant Biotechnology Normanly Jennifer A Biochemistry and Molecular Biology

Plant Biotechnology Plant cell growth Bezanilla Magdalena A Biology

Plant Biotechnology Walker Elsbeth A Biology

Plant Biotechnology Agronomy Herbert Stephen A Plant, Soil, and Insect Sciences

Plant Biotechnology Agronomy Prostak Randall A Plant, Soil, and Insect Sciences

Plant Biotechnology Crambe abyssynica Parkash Om A Plant, Soil, and Insect Sciences

Plant Biotechnology Photosynthetic membrane proteins Hou Harvey D Chemistry and Biochemistry

Plant Biotechnology Falcone Deane L Biological Sciences

Process Design and Engineering Malone Michael A Chemical Engineering

Process Design and Engineering Henson Michael A Chemical Engineering

Process Design and Engineering Huss Robert A Chemical Engineering

Thermodynamics Energy analysis, theoretical thermodynamics Fowler Alex D Mechanical Engineering
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