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The New Hampshire University Research and Industry Plan was commissioned by NH EPSCoR and guided
by the NH EPSCoR Statewide Committee. It was developed by TEConomy Partners with Keen Point Consulting.
This consulting team brings a proven national track record in developing plans that strategically identify, enhance
and promote the connections between industry and universities and have worked with similar initiatives

in Rhode Island, Connecticut, Arizona, Colorado, Georgia, lowa and Ohio.

TEConomy Partners, LLC. (TEConomy) does not endorse or recommend particular companies, products, services, or technologies nor
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or guarantee, express or implied, including without limitation, warranties of fitness for a particular purpose or merchantability,
for any report, service, data or other information provided herein
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Letter from NH EPSCoR

Across the country, high-wage jobs and robust innovation-based economies are associated with strong relationships among
industries and research universities. New Hampshire has significant untapped potential to improve its economy by purposefully
developing synergies between its industry and university research enterprises. But which types of industry and university
research could set New Hampshire apart in the national and global economy? Where does New Hampshire have a competitive
advantage over other states and regions? What are the opportunities for public and private sector investments to produce
sustained and significant economic benefit?

The NH University Research and Industry Plan provides insights based on data-driven evidence of our state’s innovation
strengths and suggests strategies to capitalize on opportunities. It provides a roadmap for the New Hampshire innovation
economy that will inform strategic decisions about how the state can best use its assets and strengths to grow high wage jobs
in industry clusters that set New Hampshire apart.

The development of the NH University Research and Industry Plan was supported by Governor Maggie Hassan. It was
commissioned and guided by the New Hampshire EPSCoR program. EPSCoR (Experimental Program to Stimulate Competitive
Research) is a national program that provides federal funding to develop research infrastructure in states and territories to
support research-based economic development. In New Hampshire, EPSCoR provided the initial funding ($14 million) to build
a high-speed fiber network connecting its research universities to the national grid in Boston. This investment led to over $74
million in additional federal and private funding for seven internet expansion projects that now connect businesses, research
centers, hospitals, schools and residences to each other and the rest of the world. NH EPSCoR investments have built world-
class research facilities, educated hundreds of high-skilled undergraduate and graduate students now in the workforce and
trained teachers in K-12 STEM education. The program is governed by the NH EPSCoR Statewide Committee, which includes
leaders from New Hampshire business and industry, legislative and executive branches of state government, philanthropy and
the public sector, and higher education.

Where should New Hampshire make investments in the future to maximally benefit the state’s economy? What industry clusters
are poised to benefit from research and innovation and deliver the high wage job growth so critical to the quality of life of NH
residents? We invite you to turn the page to learn more...

Jan Nisbet, Ph.D
State Director, NH EPSCoR
Senior Vice Provost for Research, University of New Hampshire

Mike Shipulski, Ph.D
Chair, NH EPSCoR Statewide Committee
Director, Advanced Development, Hypertherm, Inc.

On behalf of the NH EPSCoR Statewide Committee






Executive Summary

This University Research and Industry plan for New Hampshire is focused on accelerating
innovation-led development in the state by partnering academia’s strengths with the state’s
substantial base of existing and emerging advanced industries. These advanced industries are
defined by their deep investment and connections to research and development and the high-
quality jobs they generate across production, new product development and administrative
positions involving skills in science, technology, engineering and math (STEM).

“Each state must exploit the unique advantages it has relative to other states and build on

the strengths found in its local ‘clusters of innovation.”

National Governors Association, “A Governor’s Guide Trade and Global Competitiveness,” 2002

The importance of innovation-led development to New Hampshire’s economic future is critical. The National Research
Council in a 2013 report, “Rising to the Challenge”, explains that the capability to innovate is fast becoming the most
important determinant of economic growth and a nation’s ability to compete and prosper in the 21st century.! This reflects

a new economic era marked by the fast pace of technological change, increased globalization, and the growing strength of
developing nations in generating highly educated and skilled talent to compete for economic growth.

As one of our nation’s smaller states, New Hampshire’s capacity in innovation is often overlooked. But New Hampshire has
many of the right ingredients to succeed including the presence of advanced industries, a significant number of inventors and
skilled workers, and a portfolio of university research and development assets that can align with industry needs.

However, there are warning signs that suggest the state is not keeping pace across many measures of innovation activity
including slower growth in advanced industries and higher paying middle-skilled and high-skilled jobs.

New Hampshire stands as an But warning signs are apparent:

Innovation-intensive state: « Lagging national growth in advanced industry

«  20% higher level of university research than the employment: 2.9% NH vs 9.1% nation

faifion e jusiteel for S ol eeelion’y Lagging national growth in industry and university

More than 200% higher level of patent activity research since the 2009 economic recovery —
than the nation adjusted for size of economy Industry Research and Development (R&D): 5.1%
3% higher in share of advanced industry in NH and 17.8% nationally; University R&D: 6.7%

employment than the nation in NH and 16.2% nationally

1 Charles W. Wessner and Alan Wm. Wolff, Eds. “Rising to the Challenge: U.S. Innovation Policy for the Global Economy.” 2012. The National Academies Press, Washington, DC.
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New Hampshire’s Experimental Program to Stimulate Competitive Research (NH EPSCoR) program supported the development
of this strategic planning assessment. Guidance was provided by NH EPSCoR’s 20-member Statewide Committee representing
industry, the executive and legislative branches, and higher education. Highly regarded national consultants, TEConomy
Partners and Keen Point Consulting, conducted an independent, data-driven assessment combined with broad stakeholder
engagement from private industry, economic development and higher education. A total of 77 interviews and three industry
focus groups were conducted to ensure broad-based input.

While not a household name, NH EPSCoR is a major state-federal partnership that
advances New Hampshire’s competitiveness in science and engineering. NH EPSCoR

has a strong track record for generating federal research funding support, building
out infrastructure for high-speed broadband and shared use laboratories, and
strengthening the state’s skilled workforce.

Identifying Opportunities to Strengthen Linkages Between University
Research Assets and Innovation-led Industry Drivers in New Hampshire

Best practice assessments of economic development activities have made it clear that each state has its own specific
industry drivers and growth opportunities through which it can differentiate itself and build specialized areas of expertise and
development assets.?

To identify New Hampshire’s specific growth opportunities, this analysis assessed where the state excels in innovation-led
industry growth today and where it has the know-how and capacity in university research activities to grow in the future. Figure
ES1shows the specific metrics used in this assessment to identify a “line of sight” to market-driven growth opportunities. The
analysis considered the market pull of New Hampshire’s leading advanced industries and the technology push from the state’s
university research capabilities, primarily found at the University of New Hampshire and Dartmouth College.

2 The idea that state and regional development is driven by geographically localized concentrations of firms in related sectors that do business with each other and have common needs
for trained workers, infrastructure and technology goes back in the economic literature to the writings of Alfred Marshall in the late 19th and early 20th centuries. For a discussion of the roots
of these ideas in economic theory see the National Research Council’s report on Best Practices in State and Regional Innovation Initiatives, pages 31-34.
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Figure ES-1: Line of Sight Approach for Identifying Innovation Opportunity Areas for Economic
Development in New Hampshire

Core Research

Industry Innovation

Drivers
Identification

Competency
Identification

Industry patenting analysis Assessment of Academic publication themes
SBIR and VC awards Line-of-Sight to Academic centers of excellence
Detailed industry performance Significant Markets Research grant awards

Technology transfer trends

Recommended
Target
Technology Platforms

Areas where New Hampshire has real, differentiating potential

From the line-of-sight analysis, TEConomy identified six specific niche areas of innovation-led development in New Hampshire
that fall within three broad industry cluster themes (Figure ES-2):

Figure ES-2: Innovation Clusters Driving Development in New Hampshire

Advanced
Information Manufacturing Biosciences

Systems Sensors, Optics,Communications Biotechnology Analysis Tools,
Data Processing & and Electronic Systems Techniques & Products
Network Systems Photonics & Plasma Technologies Medical Devices

Agriculture, Marine
and Bio-based Products

NH
Innovation
Ecosystem
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New Hampshire’s Innovation-Led Industry Development Cannot be
Taken for Granted

For the identified growth opportunities to be realized, New Hampshire needs to build on its value-added business environment
for industry innovation activities. Through competitive benchmarking to 17 other similar states, extensive stakeholder
interviews, and focus groups, a detailed situational assessment found that in many areas of innovation activity New Hampshire
is well-positioned.

In particular, New Hampshire can build upon its strengths in its level of patent activities, presence of advanced industries,
university research assets, competitiveness in federal small business innovation research (SBIR) grants and growing efforts in
entrepreneurial development to continue to make its mark in innovation. Plus, New Hampshire’s ranking in the top ten states
for its pro-business tax and regulatory environment (according to independent studies by the Tax Foundation and the U.S.
Chamber of Commerce) provides a key foundation for advancing economic development.

Still, the detailed situational assessment suggests a number of strategic areas where gaps and lagging performance are emerging
that can hold the state back. These include:

« Lagging growth in research and development for both industry and universities in New Hampshire

- Untapped opportunities for industry-university collaborations that could bolster New Hampshire’s innovation-led industry
development

- Shortfalls in the level of entrepreneurial activity needed to drive future growth

«  Challenges in keeping up with the demand for skilled talent and in attracting and retaining skilled talent.

Despite having ample opportunities for advancing innovation-led development, New Hampshire must shore up its economic
foundations and innovation ecosystem to create the right conditions for growth to take place. The concerns about the lagging
level of industry and university research growth and industry-research collaborations, together with a spotty record on
entrepreneurial activity and skilled workforce performance, align with a major finding of this study — New Hampshire is falling
behind in the growth of its advanced industries, ranking near the bottom third of the benchmark states and slipping well below
the national average growth.

Figure ES-3: Industry R&D Growth University R&D Growth
2009 - 2013 2009 - 2014
New Hampshire o .
Not Keeping 17.8% o
Pace in Industry 15% - 5
or University
Research and 10% - 10% -
Development 5% 6.7%
(R&D) Growth 5% 1 . 5%
us NH us NH
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Industry-university research collaborations are not a strength for New Hampshire. The
state stands below the U.S. average for industry funding of university research and
among the bottom third of the benchmark states.

Discussions with industry executives point to unrealized opportunities for collaborations that are holding back advanced industry growth
in New Hampshire:

«  Advanced Manufacturing: Industry executives noted the lack of statewide networking opportunities for industry to learn about
university capabilities, concerns that smaller industry research projects are discouraged by universities due to resource constraints
and limited opportunities to engage students around industry research needs via co-ops, internships and student projects. A gap
was also mentioned around the limited availability of academic facilities that the aerospace-related industry and its suppliers can tap
for advancing research and development in metals-based and non-metals-based additive manufacturing, also known as 3D printing.

. Information Systems: Limited research and development connections and joint curriculum development between universities and
industry is resulting in missed opportunities for addressing industry needs and developing students' core skills in areas, such as
cybersecurity, digital health and Internet of Things (loT).

. Biosciences: Existing university research centers are generating new start-ups, especially in biotechnology, but missing ties to the
state’s specialized industry strength in medical devices.

Gain in Share of Science 20-24 year old population

A and Engineering Degrees 2009 - 2014
Figure ES-4: 2010 - 2014

New Hampshire's 39% 9%

Share of Science

and Engineering 23% .
Post-Secondary 2% 17% o

Degrees Rising, but
New Hampshire’s
Population of 20-24
year olds is Declining

1% 3%

-3%
0%
us NH
-3%
us NH
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An Action Plan for Advancing Innovation-led Economic Development
in New Hampshire

New Hampshire can continue to increase innovation-led development. This analysis, which included quantitative data,
interviews, and industry focus groups identified three broad strategic priorities to be addressed:

- Promote industry-university collaborations with a focus on industry-facing research and growth opportunities.

. Strengthen New Hampshire’s innovation ecosystem to spur increased commercialization, entrepreneurial development
and place-making (i.e. physical places, such as technology parks, incubators, and accelerators to promote innovation).

- Advance talent generation, retention and attraction through promoting industry-university collaborations and
strengthening the state’s innovation ecosystem.

These three broad strategic priorities overlap and depend on each other to advance innovation-based development. Both
industry-university collaborations and strengthening the state’s innovation ecosystem play a strong role in advancing talent.
Talent is one of the most important competitive factors for industry development. When industry collaborates with academia,
they are often seeking to engage the talent of students, faculty, or staff in their activities. At the same time, talent is more
attracted to places with a thriving innovation ecosystem, where there is a substantial concentration of innovation-led
companies, the presence of anchor institutions, a supporting network of resource providers, and a high-quality lifestyle.

New Hampshire already has activities underway in each of these broad strategic action priority areas (Figure ES-5), but there is
more to be done. The specific actions set out in this university research and industry plan are focused on leveraging the activities
already in place to create a more collaborative innovation ecosystem. In the following three pages, the suggested strategic
actions, best practice examples, and recommendations for New Hampshire are summarized for each of the priority areas. Details
for each of the strategic action priority areas can be found in the action plan section of the university research and industry plan.

Figure ES-5: Three Broad Strategic Priorities for the NH University Research and Industry Plan

Advancing

Promoting Talent Strengthening

the State's
Innovation
Ecosystem

Industry-University Generation,
Collaborations Retention and
Attraction
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Overview of Suggested Actions for Advancing Innovation-led Economic Development
in New Hampshire (1 of 3)

Strategic Priority #1: Promote Industry-University Collaborations

Strategic action

Best Practice Example(s)

Recommendation for New Hampshire

A. Transform larger
industry consortium
efforts to facilitate
partnerships with
academia to generate
scale and focus on
identified growth
opportunities

Signature Research Centers established by Oregon, Inc.

« State funded, government-industry-university
partnership approach to consortium activities.

Cluster Initiative Program - Maine Technology Institute

« Competitive, multi-year grant awards of up to $500,000
for industry-academia collaborative efforts in Maine’s
high-potential technology clusters.

Complement one-to-one industry-university research projects
supported by the New Hampshire Innovation Research Center
(NHIRC) with broader-scale industry consortiums, such as the
following:

« Adv. Manufacturing: UNH Center for Advanced Materials
and Manufacturing Innovations (CAMMI) and Advanced
Technology & Academic Center at Great Bay Community
College.

- Information Systems: Interoperability Lab at UNH and
Dartmouth’s Institute for Security, Technology and
Society (CoAE in Info Assurance Research).

- Biosciences: Hubbard Center for Genome Studies at
UNH and Dartmouth SYNERGY Clinical and Translational
Science Institute.

«  Cross-Cutting: Integrated Academic Structure at
Plymouth State; Advanced Imaging Center at Dartmouth;
University Instrumentation Center at UNH.

B. Promote more
university presence
around networking
activities

Various State Universities & Industry Organizations
(e.g. Tennessee — LaunchTN)

+ State academic institutions working in concert with
various industry organizations and affiliated groups
to hold more structured topic area workshops and
networking.

Fledgling and siloed industry networking activities taking
place in New Hampshire would benefit by having more
systematic engagement with university research centers and
departments.

C. Advance more
student research and
design projects with
industries

Various Engineering Schools (such as University of Michigan)

« Projects expose students to industry R&D, grow broader
industry research relationships with a university, and
help companies and students learn about each other.

Based on discussions with industry executives, the use of
student design projects between New Hampshire universities
and companies is limited and many of the public universities
lack the infrastructure to facilitate these efforts — NHIRC might
be expanded as a resource to provide industry-university
collaborative grants for these projects.

D. Better market and
leverage university
shared-use facilities
for collaboration with
industry

Massachusetts Technology Portal by the Massachusetts
Technology Transfer Center & Massachusetts Association of
Technology Transfer Offices (MATTO)

« Centralized location providing the technologies
available at 28 research institutions in the state.

Centralized database or single website location that lists
shared use facilities, information, and contacts across
academic institutions in New Hampshire would be beneficial
to foster industry-university collaborations.
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Overview of Suggested Actions for Advancing Innovation-led Economic Development
in New Hampshire (2 of 3)

Strategic Priority #2: Strengthen New Hampshire’s Innovation Ecosystem

Strategic action

Best Practice Example(s)

Recommendation for New Hampshire

A. Targeted “pre-seed”
commercialization
funding

State of lowa - Innovation Funding

« Graduated range of competitive innovation funding
with a 50% match for proof of commercial relevance
or initial market introduction questions for emerging
technologies. Also, provides entrepreneurial assistance
through a network of technology and business
executives.

More “pre-seed” stage capital is needed to validate the
commercial potential and moving towards prototyping of
products.

B. Establish an angel
investor tax credit

Wisconsin’s Qualified New Business Venture tax credit

- Tax credit available to certified early stage businesses
based in the state developing innovative products,
processes or services.

This tool helps support the development of its early-stage
innovation-led companies.

C. Uncap New
Hampshire’s research
and development tax
credit

Most States Do Not Have Caps (including MA)

« Predictable research and development tax credit for
increasing industry research and development.

NH has upgraded its research and development tax credit
in recent years, but should consider removing the cap so
businesses will have more certainty regarding the value of
their research and development tax credit.

D. Promote statewide
mentoring and
peer-to-peer networks
that connect rural
entrepreneurs to
others in the state

Oklahoma Technology Commercialization Center — managed
by Innovation to Enterprise (i2E) organization

- Staff venture advisors help entrepreneurs grow viable
businesses by helping them focus their business plans
and strategies and through hands-on support.

Michigan’s Small Business Development Center (SBDC)

« Uses a technology team approach to help to connect
entrepreneurs anywhere in the state to more
specialized resources, workshops and peer-to-peer
networks found across the state’s incubator and
accelerator programs.

NH should complement its incubator and accelerators by
growing entrepreneurial mentoring and technical assistance
to connect rural entrepreneurs to others in the state.

E. Focus on place-
making around
innovation hubs to
retain and attract
talent

Connecticut Innovations

« Connecticut offers direct financing of tenant
improvements for biotechnology lab space across the
state.

SmartZone Program - State of Michigan

+ Limited grant funding for multi-tenant lab space around
academic institutions in the state.

Advance emerging “innovation districts” and multi-tenant
laboratory facilities by supplementing existing local tax
increment financing (TIF) approaches with add-on funding for
specialized tenant improvements.

F. Promote awareness
and connections with
Boston/Cambridge
community

Oakland, California

+ Oakland leverages its proximity to the Silicon Valley Bay
area to help drive innovation growth.

Winston-Salem, NC

« Research Triangle Region is leveraged by the nearby
city of Winston-Salem to help increase growth in
innovation.

Leverage innovation-led development of the Greater
Boston region, especially in Cambridge for NH businesses
to generate customers and capital and to offer a rich
environment for business and talent attraction.
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Overview of Suggested Actions for Advancing Innovation-led Economic Development
in New Hampshire (3 of 3)

Strategic Priority #3: Advancing Talent Generation, Retention and Attraction

Strategic action

Best Practice Example(s)

Recommendation for New Hampshire

A. Advance STEM post-
secondary internships

Indiana INTERNnet

« Adynamic, searchable database and a matching and
reporting system coupled with personal assistance,
including a toll-free hotline to answer questions.

lowa Student Internship Program

« Program supports postsecondary student interns in
small to medium sized companies in the targeted
sectors.

Connections need to be generated between students and
industry as NH academic institutions increase their emphasis
on STEM-related degrees, such as platform to match students
with industry or matching funding to support student
internships with companies.

B. Provide an
opportunity for
employers to create
apprenticeship
programs for a
technical skilled
workforce

Apprenticeship Carolina - division of the South Carolina
Technical College System

« Works with all employers to advance “demand-driven”
apprenticeships customized to employer needs, while
offering young workers “scalable” wages.

New Hampshire should increase the number of apprenticeship
programs for technical skilled labor to complement
community college efforts and help meet the demand of
industry.

C. Meet industry
needs for more new
academic degree
programs in emerging
and multi-disciplinary
fields

Engineering Projects in Community Service (EPICS) program at
Purdue University

« EPICS teams are assigned to a community or
educational partner allowing students to participate on
projects developed over multiple semesters or years
and have more complexity than semester-based efforts.

MS program in Engineering and Technology Innovation
Management (E&TIM) at Carnegie Mellon University

« Interdisciplinary program developed in collaboration
with industry that prepares students in the area of
technology innovation through project coursework and
practical internships.

Increase the multi-disciplinary skill set for NH students in the
academic curriculum to better prepare them for careers using
advanced technologies.
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A common thread across these strategic actions is the need for public-private partnerships. Government, industry, colleges and
universities and non-profits have a part to play in this strategy, but success will be dependent upon the active participation of
these sectors’ top-level leadership in setting the tone and keeping stakeholders focused on implementing these actions.

- State Government has a unique role as a catalyst, using limited funding and marketing resources to spur action and
leverage broader private sector activity. State Government can also help serve as a convener and facilitator to advance
the state’s economic development goals in collaboration with non-profit economic development entities.

- Industry must help frame opportunities and needs in order for the entire innovation ecosystem to respond effectively.
Industry from private venture investors to entrepreneurs to established companies will also make the largest
investments as commercially viable technologies move to the marketplace.

- Colleges and universities can contribute in significant ways to advancing the state’s future by pursuing use-inspired
research that aligns with industry technology challenges, offering shared use facilities, pursuing translational and
commercialization of research discoveries, and generating the talent that can help realize the state’s industry-driven
innovation opportunities.

- The non-profit sector can provide capacity for New Hampshire to succeed through its foundations investing in the state’s
future and through the non-profit economic development organizations and industry associations that work in concrete
ways to support innovation, retention, and attraction of industry at the state and local levels.

This full fact-based assessment, including these strategic actions can be used to initiate dialogue among these stakeholders in
New Hampshire to do the following:

- Create awareness of the growth opportunities for the state;
- Prepare potential solutions for the challenges that are emerging; and

- Generate and implement potential ideas on how to move forward.

It is by having this discussion that New Hampshire can take action to realize its bright future for innovation-led development in
the state.
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Why a University Research and Industry Plan Matters
for New Hampshire

A new economic era has taken hold in recent decades marked by increasing globalization, the
fast pace of technological change, and the growing strength of developing nations in generating
highly educated and skilled talent to compete for economic development opportunities.

According to the National Research Council’s 2013 report, “Rising to the Challenge”, the capability to innovate is fast becoming
the most important determinant of economic growth and a nation’s ability to compete and prosper in the 21st century global
economy.® Rigorous economic studies back up this conclusion. Economists at the Federal Reserve Bank of Cleveland found that
increased innovation, evidenced by growing levels of patent activities, stood out as one of the significant factors for explaining a
state’s level of per capita income and its level of educational attainment. Innovation and talent, which are highly linked, outpaced
other factors such as tax burdens, public infrastructure, the size of private financial markets, rates of business failure and industry

structure.*

As one of our nation’s smaller states, New

“The role of innovation has been critical to economic
development as the U.S. has evolved over the
decades. There is a clear statistical link between

Hampshire’s capacity in innovation is often
overlooked. A closer examination points to

New Hampshire’s standing as an innovation- ) . .. Wi
encive ctate. innovation and gains in the standard of living.”

Abby Joseph Cohen, Senior Investment Strategist and President of the Global
Markets Institute of Goldman Sachs, “Innovation and Economic Growth,” Private

«  University research activity in New Wealth Forum, Goldman Sachs, 2011,

Hampshire outpaces the nation by more
than 20% given the size of its economy.

- New Hampshire stands at more than twice the national level of patent activity invented and assigned to companies,
universities and residents located in the state given the size of the state’s economy.

- New Hampshire stands slightly ahead of the nation in the percentage of jobs in advanced industries, defined by
investment in R&D and a workforce involved in science, technology, engineering and math (STEM) fields (11.2% in New
Hampshire vs 10.9% nationally). According to the Brookings Institution, these advanced industries anchor American
economic well-being by “.... encompass[ing] the nation’s highest-value economic activity. As such, these industries are
the country’s best shot at innovative, inclusive, and sustainable growth.” °

These indicators of New Hampshire’s strength across university research, technology development and the presence of
advanced industries point to the importance of innovation as an economic driver of New Hampshire’s economy. Still, there

are some warning signs that point to the need to strengthen New Hampshire’s innovation capacity. Since 2009, when the
economic recovery began, New Hampshire’s growth in advanced industries of 2.9% is well behind the national growth of 9.1%.

3 Charles W. Wessner and Alan Wm. Wolff, Eds. “Rising to the Challenge: U.S. Innovation Policy for the Global Economy.” 2012. The National Academies Press, Washington, DC
4 Bauer, Schweitzer and Shane, “Knowledge Matters: The Long-Run Determinants of State Income Growth,” Journal of Regional Science, 52(2), 240-255.
5 Brookings Institution, America’s Advanced Industries: What They Are, Where They Are, And Why They Matter, Brookings Advanced Industries Project, February 2015, page 11.
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This slower growth in advanced industries also shapes the availability of quality jobs found in New Hampshire. Both high skilled

and middle-skilled jobs are growing more slowly in New Hampshire than the national average.

Ensuring that New Hampshire can strengthen its advanced industries is critical. This University Research and Industry Plan
outlines findings and recommendations to increase collaboration between New Hampshire’s university research centers and
advanced industries focused on information and networking services, biosciences and advanced manufacturing in order to:

« Improve production processes

- Create specific talent pools

«  Accelerate new product innovations

«  Form high-growth potential technology-based companies

New Hampshire is an innovation-
intensive state:

But warning signs are apparent:

« Lagging national growth in advanced industry
«  20% higher level of university research than the employment: 2.9% NH vs 9.1% nation

TELIEN BEVELEC IO S 12 @) CEniTiny Lagging national growth in industry and

More than 200% higher level of patent activity university research since the 2009 economic
than the nation adjusted for size of economy recovery — Industry Research and Development
(R&D): 5.1% in NH and 17.8% nationally;

University R&D: 6.7% in NH and 16.2% nationally

3% higher in share of advanced industry
employment than the nation
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Identification of New Hampshire’s Innovation-Based
Industry Drivers

For today’s knowledge-based, global economy, innovation is now widely recognized as

the central driver of leading industry clusters within each state. As the National Governors
Association explains: “Each state must exploit the unique advantages it has relative to other
states and build on the strengths found in its local ‘clusters of innovation’ — distinct groups of
competing and cooperating companies, suppliers, service providers and research institutions.”®

In an interesting paradox, the more globally integrated the world economy becomes, the more local university and industry
research and development know-how, entrepreneurial culture, manufacturing expertise and workforce skills matter for
economic success. These areas of local strength in innovation capacity reflect the core competencies around which industries
innovate and grow around specific locations.

The concept of core competencies is now widely understood as a critical factor for industries
to be competitive. Gary Hamel and C.K. Prahalad in their landmark study, “Competing for
the Future”, explain how a focus on core competencies can improve competitiveness: “To

successfully compete for the future...requires top management to conceive of the company
as a portfolio of core competencies rather than a portfolio of individual business units...core
competencies are the gateways to future opportunities.”

From a state and regional economic development perspective, core competencies represent a “critical mass” of know-how
found within a state. This critical mass is represented by having depth across industry generation of new inventions and
start-ups as well as strength in specific fields of university research. The identification of these core competencies, augmented
by traditional regional industry analysis, can allow New Hampshire to think strategically about where it has opportunities for
innovation-based development.

Innovation-led industry growth opportunities in which New Hampshire is best positioned to differentiate itself reflect the
intersection or “line-of-sight” where the state excels in innovation-led industry growth today, and where it has the know-how
and capacity in university research activities to grow in the future. Figure 1 presents the overall approach and the specific
metrics used in this assessment to identify a “line-of-sight” to market opportunities that consider the market pull of leading
advanced industries found in New Hampshire and the technology push from the state’s university research capabilities.

6 National Governors Association, “A Governor’s Guide Trade and Global Competitiveness, 2002, page 5.
7 Hamel and Prahalad, Competing for the Future, Harvard Business Press, 1994, pg. 90 and 217.
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Figure 1: Line of Sight Approach for Identifying Innovation Opportunity Areas for Economic Development
in New Hampshire

Industry Innovation Core Research

Drivers
Identification

Competency
Identification

Industry patenting analysis Assessment of Academic publication themes
SBIR and VC awards Line-of-Sight to Academic centers of excellence
Detailed industry performance Significant Markets Research grant awards

Technology transfer trends

Recommended
Target
Technology Platforms

Areas where New Hampshire has real, differentiating potential

This “line of sight” approach involves five specific steps to identify industry innovation drivers (see Appendix A for more
details):

Step 1: Set the broad context of advanced industry activity taking place in New Hampshire through a detailed analysis of patent
activities of New Hampshire inventors in order to identify clusters of innovation activity in New Hampshire.

Step 2: Consider how emerging technology company activities aligned with these patent innovation clusters given the
importance of companies with high-growth potential for fueling future state economic growth.

Step 3: Identify how well these industry innovation activities map to specific industries and their performance in New
Hampshire.

Step 4: Assess how university research activities in New Hampshire support and complement innovation cluster activity found
in the state.

Step 5: Assess the future market growth potential associated with each growth opportunity.
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Closer Look at Patent Innovation Taking Place in New Hampshire

Patents are a primary way in which inventors are able to protect their product innovations from being replicated and are among the most
widely used form of protection of novel technological inventions. Industry is the overwhelming holder of patent applications and awards
making patent analysis a direct way to consider the broad base of innovation across New Hampshire industry.

Out of more than 22,000 patent awards and applications generated from 2009 to 2015, New Hampshire’s strengths in innovation can be
clearly identified.

Leading Patent Areas: New Hampshire stands out and is very active in the following patent areas, having a higher specialization and
relative impact than those patent areas nationally. Overall, data processing & analytics is the most active patent area in the table below.

. Number Specialization Forward The Specialization Index column shows
Detailed Patent Class Focus Area of Patents Index Citation tent here the level of relati
Invented Impact Index patent areas wnere tne level of relative
concentration in NH compares to the
Machine learning, natural language e
processing, and complex data processing 791 2.01 1.63 U.S. across specific patent areas.
algorithms
- ’ The Forward Citation Impact Index
Computer processors, virtual machine 331 222 203 X .
management, and other program controllers : : shows high relative impact patent
Syringes, injectors, and infusion pumps 291 9.41 116 areas whose citations per patent
A exceed the national average.
Manufacture and treatment of semiconductor
. 288 2.53 1.61
devices . o
A score of 1.0 in Specialization Index or
Toucl:l sensor, styll.ls, and optical computer 257 177 205 Forward Citation Impact Index equals
user interface devices . k
the national average .... and 2.0 is
Implanta.ble medical devices (stents, 252 261 206 double the national average.
prosthetics, etc.)
Logisti d dat . 246 208 164 Source: Thomson Innovation; Calculations
ogistics and consumer data processing . . by TEConomy Partners, LLC.
Network security protocols or architecture 24 221 212

Patent Innovation Networks: New Hampshire has several broad areas of patent activity that represent extensive connections between
and among industry and universities based on an analysis of forward citations. These broad, highly connected patent cluster areas in

New Hampshire, which also encompass leading areas of patent activity, suggest where the state stands out in specific innovation areas of
technology.

A There are five groupings of NH’s
. BiOPharm:\ceuﬁcals & patent classes by technology area
’ . biologi lation, .
. ) [ | b:g,zg:zz, ::,:l;,?n:; from the analysis of patent award and
.. DN e oo testing applications from 2009-15.

B Medical devices Lines represent interconnections

between these five different groupings
Data processing & analytics,

.o I machine intelligence of NH patents by technology area
S algorithms, data storage using forward citations.

B Data processing & analytics is a key
Sensors, optics, .

B ommunications and enabling technology area based

[l c'ectronic component on this visual representation of its
and systems ..

B connectivity to many other patent

classes by technology area.

Photonics & plasma Source: Thomson Innovation; Calculations

technologies by TEConomy Partners, LLC.

Source: Thomson Innovation; Calculations
by TEConomy Partners, LLC.
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New Hampshire’s Innovation-Led Growth Opportunities are Found in
Advanced Manufacturing, Information Systems and Biosciences

The “line-of-sight” analysis identified six niche areas of industry innovation in New Hampshire
that fall within three broad industry clusters:

Below is a brief overview of each of the specific innovation niches falling within these broad industry clusters. A profile of each
these innovation niches areas is provided in Appendix A to provide a fuller explanation of the industry innovation context, the
industry connections, the university research alignment and the growth potential.

Advanced Manufacturing

Sensor, optics, communications and electronic systems — New Hampshire is active in patent areas involving optical
interface devices, manufacturing and treatment of semiconductor devices, magnetic field sensors, vehicle navigation control
systems, and aerial antennae systems. This reflects New Hampshire’s specialization in defense-related industries involving
search, detection and navigation, as well as those involved in the electronic systems supply chain such as optical instruments,
printed circuit assembly and electronic component manufacturing, communication and energy wire manufacturing and
engineering services. These companies employ more than 16,000 workers in New Hampshire.

« Industry presence: Many large companies with operations in New Hampshire fall into this category, including BAE, GE
Aerospace, Fujifilm Dimatix and Taiwan Semiconductor. However, most are small and mid-sized companies, who serve
as suppliers to larger organizations. A notable, mid-sized company is Creare, which is highly successful in federal small
business innovation research (SBIR) grant funding and received 59% of New Hampshire’s 537 SBIR awards from 2009 to
2015 and created multiple spin-out companies.

«  Growth outlook: While the employment base is not growing in New Hampshire nor across the U.S. in these industries
— as emerging advanced manufacturing process technologies are being installed — they are still viewed as having solid
future growth trends, with the global markets for image sensors, integrated remote sensing and advanced electronics
projected to grow at close to 10% or higher annually.

«  Research capacity: Universities in New Hampshire have a strong concentration of publications in optics, remote
sensing, imaging science and spectroscopy though often applied through environmental sciences. Leading research
centers include the University of New Hampshire’s Center for Coastal and Ocean Mapping, the joint UNH-NOAA
Hydrographic Center and Dartmouth’s Advanced Imaging Center.

Photonics and Plasma Technologies — New Hampshire is a national leader in this area with very high specializations in
patents for charged particle beam systems, projected and filtered light display devices, generating and handling plasma and
laser systems.

« Industry presence: While a highly specialized, but smaller industry with nearly 2,700 jobs in New Hampshire, it is led

by one of the most successful home-grown New Hampshire companies, Hypertherm. Other companies found in this
innovation area include Laser Light Engines, Osram Sylvania, Solid State Scientific, @magiQ LLC and Active Spectrum.
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«  Growth outlook: The market for laser technologies in the U.S. has overall modest growth prospects in the 5% annual
growth range, but high growth of over 10% annually is projected in the specific markets for photonic detectors and
sensors. SBIR funding for high performance metals machining and inspection is an active area in New Hampshire.

- Research capacity: There is a specialized focus on plasma physics as a publication field among universities in New
Hampshire and an overlap with strengths found in optics. The UNH Space Science Center is a major research center
aligned with this area of innovation focus.

Information Systems

Data processing and network systems — This area includes patent strengths found in machine learning and complex data
processing, logistics and consumer data processing and network security. Industries aligned with this area include data
processing and hosting, custom computer programming, computer systems and design services and software publishing.
These aligned industries grew by just over 24% making it an important job generator for New Hampshire. With nearly 12,000
jobs, it stands as a specialized industry though not at the levels of specialization found in advanced manufacturing.

« Industry presence: This area has a healthy mix of emerging companies such as Dyn and Bottomline Technologies and
more established companies such as AutoDesk, HP, Oracle and EMC. There are many emerging high-growth potential
companies found in New Hampshire with extensive venture capital support for software, data, internet and computer
services. Between 2009 and 2015, 29 New Hampshire companies received $421 million in venture capital funding.

- Growth outlook: Global market growth rates for this area encompass a wide variety of applications with large market
sizes and strong annual growth rates. For instance, the market areas of enterprise mobility networks, content delivery
networks and data center and server security are each expected to grow at nearly 14% annually, and even higher annual
growth rates are expected for the emerging market of software-defined networking applications.

«  Research capacity: Universities in New Hampshire are active in this area, with more than 100 publications from 2009 to
2015 in fields such as information sciences, software engineering and interdisciplinary computer sciences applications.
New Hampshire's universities stand out in the breadth of major research centers and grants, most notably the UNH
Interoperability Lab and Dartmouth’s efforts in cybersecurity, mobile health, digital forensics and ubiquitous computing.

Biosciences

Biotech Analysis Tools, Techniques and Products — New Hampshire’s patent activity in biopharmaceutical compositions,
screening and assay analysis of biological materials and measuring processes involving enzymes and micro-organisms is
strong. While a small industry presence of just over 2,500 jobs, the growth across biological product manufacturing and
biotechnology research in New Hampshire is hefty — growing 84% from 2009 to 2014.

« Industry presence: Although not large from an industry employment standpoint, there is a presence of both emerging
and established companies, including Adimab, AgaMatrix, CPEX Pharmaceuticals, DEKA, Enchi Corp., Avitide, Celdara
Medical, ImmuNext, and Synta Pharmaceuticals Corp. Most promising for the future is the healthy level of venture
capital funding in medical therapeutics and biotechnology, and an active SBIR presence in immunotherapies and
vaccines, biomarkers and next generation genetic sequencing. Venture capital funding for medical therapeutics and
biotechnology in New Hampshire reached $137.8 million over the 2009-2015 period with investments made in six New
Hampshire companies.
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- Growth outlook: Market research studies suggest that biotechnology already serves large markets in diagnostics, cell
and tissue analysis, and immunoassays and project modest annual growth for these areas in the 3% to nearly 5% range.
A high growth market projected to exceed 10% annual growth is drug discovery technologies.

- Research capacity: There are strong ties between Dartmouth College and this innovation sector with many fields of
biotech-related scholarly activity going forward in the state. Dartmouth has two extensive areas of focus contributing to
the growth of this innovation area: 1) immunology and microbiology reaching across cancer, lung biology and antibiotic
resistance and 2) engineering in medicine with strengths in protein engineering, biomaterials and nanotechnology.
Other areas of major grants include psychiatry involving substance abuse and traumatic brain injury and systems biology
involving molecular epidemiology, quantitative biology and structural biology. It is notable that Dartmouth College has
a very pro-active approach to forming new companies in the biosciences through Celdara Medical, which is closely
affiliated with Dartmouth. Plus, Dartmouth’s NIH-funded Clinical and Translational Sciences Institute, known as Synergy,
is active in promoting translational research among faculty.

Medical Devices — New Hampshire’s patent strengths in medical devices include syringes, injectors and infusion pumps, surgical
and wound healing devices, implantable medical devices and diagnostic sensors and medical imaging. Medical device industries
in New Hampshire are specialized. Its share of industry employment is at a 42% higher level of specialization when compared to
the nation, but New Hampshire job growth in medical devices has declined sharply by 12% from 2009 to 2014.

« Industry presence: Although a small industry with just over 2,100 jobs, New Hampshire has many companies driving
new innovations in this area, including DEKA, Vapotherm, Simbex, Gamma Medica and AgaMatrix.

«  Growth outlook: The global market for medical device coatings and equipment is growing at about 7% with growth
expected in the area of implantable devices, such as stents and grafts, and clinical sensors and monitors, while the
global medical imaging market is increasing at an annual growth rate of approximately 5%.

« Research capacity: University strengths are found in many areas pertaining to medical devices, with publications in
surgery, radiology, and health care sciences. Major research centers led by Dartmouth College include the Center for
Surgical Innovation, Advanced Imaging Center, Center for Technology and Behavioral Health and the Dartmouth Institute
for Health Policy and Clinical Practice.

Agricultural, Marine and Bio-based Products — This is a mid-sized industry in the state with about 9,400 jobs, but job
growth has declined by 2.2% from 2009 to 2014. Forestry and marine fisheries are major resources in New Hampshire.
There are significant efforts to create new community forests to conserve this natural resource, led by the Northern Forest
Center. Advancing agricultural, marine and bio-based products have potentially strong overlaps with the activities found in
biotechnology analysis tools, techniques and products. Continued efforts are needed to understand how best to apply these
innovation capacities to promote natural resource development. An example is Mascoma, a spinoff from Dartmouth, which is
converting biomass into biofuels and other specialty chemicals.

« Industry presence: There are a variety of companies in the state working in the agricultural, marine and bio-based
products areas, including Monadnock Paper Mills Inc., Stonyfield Farm Inc., Gorham Paper and Tissue, Burgess
BioPower, and Cedar Point Shellfish. Despite the presence of a large base of natural resources, including extensive
woodlands and coastal resources, venture capital and SBIR activity in this area is low.
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«  Growth outlook: The global market outlook varies by application with the synthetic biofuels projected to have an annual
growth rate of 78%, while biorefinery technologies are at the lower end of the range with a 5% global annual growth
rate projected.

«  Research capacity: Universities in New Hampshire have much to contribute to this innovation niche. In scholarly activity
as measured by publications, universities stand out in many fields connected with bringing innovation forward for
agricultural, marine and bio-based products including: forestry, marine biology, fisheries, biodiversity conservation and
environmental sciences. Existing strengths in the UNH School of Marine Science and Ocean Engineering and a recent
cluster hire made in natural resources at the College of Life Sciences and Agriculture are key drivers of new research
and technology. Dartmouth College also has leading faculty researchers in bioprocessing, advancing biofuels and
biomass processing. Plus, through Agricultural Extension and the Thompson School of Applied Sciences at UNH, there is
capacity to advance new applied research.

Each of the six innovation niches differs in the strength of existing industry assets, the strength of existing research and
innovation found in the region and their growth potential — and so should be viewed as a portfolio of opportunities that play to
different strengths in New Hampshire. Table 1 summarizes the position of these growth opportu