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Part I:Overview of this Project

In May 2008the trade organization MN Nano hired GSP Consulting to perform an Economic Impact
Analysisof a proposal callethe Major Initiative (see page Xar details) A work groupwvas formed that
consisted of representatives from the BioBusiness Alliance of Minnesota, Minnesota High Tech
Association, Life Science Alley, theiversity of Minnesota and Minnesota State Colleged

Universities

The Economic Impact Analgsought thepublication of the following deliverables:

1 Develop quantitative and qualitative information on the job prospects expected with an
investment in the Major Initiative.

9 Identify the sectors and occupations within the Minnesetmnomy that are likely to or could
benefit from the Major Initiative investment.
T LRSYdGATe Y2NB O2YLX SiSte arayySazidlQa FraasSia NB
T . SYOKYI N] aAyySazcimpQedtordi KGNS RIBSTFF2NKEA2dzy i NASaQ
implementedor proposed.

Some of the major inputs that have occurred during this project include:

f Discussion witbver60a G I { SK2f RSNE NBLINBaSyildAy3a aiAyySazil Q
sectors.

1 The review and analysis of information regarding patents, researghjnvestments in
aAyySazilQa yly2iSOKy2ft238 aSoi2N®

1 Modeling of the outcometghat can be expected by investment in the nanotechnology sector in
Minnesota.

1 The development of an understandingranotechnologyccupations and employment
opportunitiesexpected tobe available to residents of Minnesota.

These inputs have been woven together to provide the findings and recommendations for the Major
Initiative contained in this reportThe work described above was performed from Mapugh
December 2008.
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MiyySazidl Qa Lyy20FGA2y 902y2Ye
To understand the role afanotechnology in Minnesota, it is critical to

understand the larger context that all technoloe@y innovationrelated Table 1: Change in
companies operating in the statMinnesotahas begun to see profound Business Closings
changes in its economic and employment makddigtorically the state has ctae PP J—"
outperformed the country in terms of broad economic factors such as
unemployment rates.In 2005 and beyondowever, serious problems Alabama R
begantoemergein Ayy Sazidl Qa SO2y2Yeéd
Missouri 1.08 42
From 20062005 the state saw its rate of business closings accelerBbe New Jersey 121 43
trend led to Minnesotahavingthe highest change in business closinggh \orth
nation forthe time period (see figur#).? Dakota. =l
This accelerated rate of economic transformation is not being balanced in Kentucky N
other areas of the Minnesota econontyigurel captured from aslide South s i
presentation by the Department of Employment aBdonomic R
Development, indicates the employment contractions of manieissues Arkansas 1.99 47
contributing to the current economic situation. T 370 18
Arizona 4.72 49
Minnesota 7.56 50

Figure 1: A Summary of the Structural Issue in the Minnesota Economy?

Joh Creation by Start-ups Falling; Increased

Thelossoh Ayy Saz2dGF Qa FAN

lllll I.IISS Il“ ﬂlllllral:llll!l BIISIIIBSSGS is not being offset elsewhere
Annual Job Change by Business Activity, in the economy by JOb gains
2005 - 2006 compared to 1993 - 2000
m VN B US such as those that can be
10% Positive = More Job Gains Positive = More Job Loss Incre;ased job loss attributed tO Star‘t—up
Incrw(fi“fi_sﬁ_ixpanmons Start-Ups __75;;92 Companles ASFIgure 1
0% 7 A demonstratesthere are a
o ontractions . ] . .
8% Decreased job loss variety of issues contributing
Decreased job creation -10% to the current eCOﬂomiC
5%
20% sSituation.
-25% .
e Fewer jobs created by start-ups in 2006 compared to mid-1990s. Part of the underlying reason
* Job loss by contractions is higher for the limited job growth by
* Job loss by closing businesses lower likely due to lower level of job start-up companies can be

e J explained by looking at start
i)l up rate statstics for the state.

! GSP Consulting review of data from the Federal Bureau of Labor Statistics, June, 2008.
2 Minnesota Department of Employment and Economic Development
http://www.deed.state.mus/Imi/publications.htm
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The 2007 Development Report Card for the Starasks Minnesota 48 in New Company Formation,
down from 36" in the 2002 Report Card

This is indicative of limited stattp activityin the state and does not bode well for the creation of
replacement firms and job&SP Consulting observes that this statistic may bedaltiee following
factors:

1 Aconservative attitude toward taking theésk to start up a new company;
1 Limitedsupportstructure andservices relatedo entrepreneurial activities;

1 Capitalavailable to starup companies in all categories in the state as compared to its peer
states.

Theseobservatiors comefrom decades ofif KS D{ t / 2y éxpefidide i BEeviswBitheYd@I&
available in communities throughout the nation.

Other per capitastatistics taken from th007 Development Report Cattlat should cause concern
include:

28" in SBIR Grants
23"in Manufacturing Investment

1
1
1 22" in VC investments
1

19" in PhD scientists and engineers

Eachof these statistics point to troubling trends for the economy in Minnes®tee resources and
pipeline for economic growth are struggling.

These statistics suggest that Minnesota will need to proactively seek econtmansformation if it is

to expect the same levels of growth and prosperity that it has withessed historic&@liiile this
transformation may happen naturally as public and private organizations seek solutions and new
economic opportunities, other statesbeve otherwise, aggressively pursuing science and technology
investments to foster economic growth more proactive strategy, such as those demonstrated by
states throughout the countrthat have faced similar challengesich as Ohio, Texas and Wisdons

will require collaboration between academic institutions, nprofit sector, private sector and
government.

If Minnesota is going to rebound, it must address two critical factors:

1 Increase the level and success of sigptactivity in the statg

® The Development Report Card for the States can be found at
http://www.cfed.org/focus.m?parentid=34&siteid=2346&id=2346
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Provide tools (i.e. tax policy, business incentiva®] infrastructuré for its existing industry base
to remain competitive in the global economy

The focus of this report is on nanotechnology and the opportunity and potential impacts that an
investment innanotechnology may have for the statks we performed our researctve were careful

to consider how nanotechnology and the proposed Major Initiative would impact these two critical
factors.It is ourassessmenthowever, that a broader strategy should tensidered to nobnly address
nanotechnology bualsoall of the innovatioAbased sectorsThe ability to stop the economic trends
described previously must be a shared effort and must engage a broad group of stakeholders that want
an economically stronger Minnesota.
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Overall Economic Infrastructure
Based upormour researchon this project incudingcomments received during the interview proces®
offer the followingobservationgelated to the overall economic infrastructure in the state.

The economic landscape in Minnesota has been in transition for many years. Global competition and
opportunities are driving a transformation in the process that corporations use to make decisions
regarding local investmentStates and regions that are economically diveesel to bebetter-prepared

to deal with this transformatiopand their economies argtrongertoday as a result.

alyySazilQa GNI¥yaAlAaAzy Kra o0S3dzyy G2 akKz2g az2ys$s
A retraction by existing firms combined with a low level of growth within starcompanies has

created a situationwhere My y Sa2 i Qa SO2y2Yeée Kla at2¢gSR FyR A&

average.FromJanuary 2008 January 2009Minnesota lost oveir4,000jobs from its employment
baseor a decline of 2.8% over the period which compares with a 2.6% decline in &&all
employment. While the economic crisis of 2008 has impacted almost every,statenpact in
Minnesota may be moreeveredue to the structural issues we have identifiddecent analysis
conducted by Jeff Van Wychen a Minnesota 2020 Félioientified thatMinnesota lags in GDP
production by as much as 3.8%. The analysis sights three key factors for this lag:

f Lack of success compared to other statelenefitingfrom energy price growth due to lower
concentrations of production in the state

1 Adecline in new home construction nationally has impacted the forestry and wood products
industry in the state

1 The airline industry has been in decline for years and transportation is a larger component of the
GDP in Minnesota than other states

These factors are some of the issues that face Minnesota as it looks to rebound from the economic
downturn.

While Minnesota is ranked relatively high in most overiégdl selection rankingst still struggles in some
of the key areas for business decisioakers such as:

M taxburden
1 costof energy
1 regulatoryenvironment

In addition, several of the businesses interviewed for this staigithat, in general Minnesota was not
aggressive at creating the infrastructure to support economic developriémysaidthat other states
and countries work more with businesses to cut red tape and incentivize retention and attraction of
employment opportunities.

(V)]

L

‘A Closer Look at Minnesotads Underperforming Economy,
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During the course of the interviews for this project one reige nanerelated company indicated that it
had recently made the decision to leave the state and move to Wisconsin because of the ability to get
governmentsupported financing assistantieere. This situation highlighted what many of the

companies indicated, that Minnesota does not have the neggsseonomic development toots

remain competitive with other states

This information is provided to offer an overall context to the economic development activity and
situation that exists in the state.
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Economic Impact Analysisxecutive Summary

In the performance othis project GSP Consultirgpoke to dozens of stakeholdgn Minnesotaand

heard an overwhelming amount of support for the state to take a leadership positithe

development ofascience and technologyased economic developmestrategy.The efforts oiMN

Nanoto raise awarenessf economic issues and community needs resonated well with those individuals
interviewed.There was some debate regarding whether the specific detailshobM y 2 Q& LJX Iy (2
astate investmenbf $210 million in ananotechnologyfocusedMajor Initiativewas theoptimal

approach Several peopleited other organizations and strategies that have been developed or are

under development and the need for the results of this project to be included as partaoger

discussioNB 3+ NRAY 3 (G KS ySSR (2basBdNRopomy KS a0 1SQa 1y26ft

A frequently expressed desifer the public sectoito take aleadershiprole was tempered with a
consistent, thoughtful attitude that any state investment should be ¢eg to industry sectors/sub
sectorsin whichthe state has a demonstrated strength and which hstrenggrowth potential.

The work of GSP Consulting involved analysis regarding what the impact of nanotechnology will be in
Minnesotaboth with and without the launch ahe Major Initiative.

Some of the major findings of that woikclude

1 Minnesota currently has ove,100firms employing over 100,000 Minnesota residents that are
working on products that can be enhanced with nanotealogy applications.

1 Minnesotais projected to havan additionall9,400 employees in naA@lated occupations by
2014 a 19% increase from 2004

1 The Majornitiative investmentwould create an additional 4,03j@bs in nanerelated
companiesand academic institutions

1 The wages from the projectathnorelatedjob creationcreate an annual payroll level of
approximately $254 million.

1 Nanorelated occupations have an averagenualwage of $59,87lwhich is$26,050 more than
the average wage girivate sectoremployees working in Minnesota

1 Aninvestment in nanotechnology would support both the public and private sectors of
Minnesota and build on existing strengths.

Why nanotechnolog® This question was posed during the stakeholder event asqgdhis project.The
shortanswer is that nanotechnology will enable both large and small companies in Miarnesbe
more competitive TheMajor Initiative wouldenablei K S & (i | -riel&te@ Zomyanigsao accelerate
their usage of this critical techifagy and competitive differentiator and increase the job growth
opportunities in the state.Thesenew jobs willbe criticalin assistindinnesotarestore its economic
leadership.
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About the Major Initiative
Thecenterpieceof the proposed Major Initiative is the creation of tMinnesota Center for
Nanotechnology (MCNMCNwould have as its core responsibilities:

1.

Fostering the statewide growth of jobs in new areas of nanotechnology, particularly those in
which the state keady has a strong economic presence;

Ensuring that the infrastructure needed for work in nanotechnology by medium and large
companies and, particularly by small companies and researchers, exists and is geographically

Rapidlyand effectively moving naneelated intellectual property into the markéhrough

2.

and physically accessible;
3.

commercialization toots
4.

Assisting existing Minnesota companies with understanding the impact of hanotechnology

developments on their businegsicluding the potential for bth opportunities and threats;
5. Attracting new research centers and commercial entities to locate in Minnesota; and

6. Raising the visibility of Minnesotes a regional center for nanotechnology.

In order to accomplish
these responsibilities

Table 2: Minnesota Center for Nanotechnology (MCN) - Major Initiative

and subsequent goals, Program Annual Total 10 year
the Major Initiative S Amount Investment
. Research Commercialization $ 6 million $60 million
calls for a st funding Academic Translational Research $1.5 million $15 million
commitment of $21 Commercialization
million per year over a | Fast Track Commercialization $1.5 million $15 million
10 year periodThis Centers in Nano Applications $3 million $30 million
’ Accelerated Nanotechnology Availability | $1 million $10 million
funding isintendedto | for Small to Medium Manufacturing
support a variety of '(\Z/Iqmpaniess holars f i f $1.5 milli $15 milli
Innesota Scholars for recruitment o .5 million million
programs that serve faculty that bring reputation and attract
needs that have been | funding
identified by MN Nano Internships for Company and Faculty $1.5 million $15 million
. Researchers
and its stakeholders. Nanotechnology Equipment Fund $1 million $10 million
The programs and Nanotechnology Development Fund $1 million $10 million
funding amounts are | SBIR/ STTR Match $2 million $20 million
describedn Table 2. MCN Administration $1 million $10 million

GSP Consulting was asked to reviewgbtential impact of thesg@rogramsin
light of what was uncovered during the economic analysis @antake
recommendations regarding the MCN and the described prograimest
information is included ithe Comments andRecommendations Section
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About Nanotechnology

Nanotechnology has been with us for decades and
hasatremendous impact in enhancing many
products that exist in our live¥et,

nty23 SOKy 2t 238 Q dikelgstlid ( S
come asscientistsand engineergontinue to evolve
their understanding and akiieés to manipulate
matter at the nanosale. This ability to create new
and very useful nanoscale structisreasily,
inexpensivelyand reproducibly, lies at the heart of
the rapidly increasing economic impact of the
technology across many industry sectdfer
purposes of this report we have utilidéhe

following definition of nanotechnology supplied by
the National Nanotechnology Initiative, an effort
launched in 2001 to coordinate the diverse
nanotechnology activities across thederal

o

D
government and \\/ LN
( \ to pl‘ovide Q Organic light Emitting Diodes (OLEDs) for displays
Nanotechnology involves thenderstanding, funding support © Photovoliaic film that converts light info electricity

control, and use of matter at dimensions o | to private and
roughly 1 to 100 nanometers, where uniqu public entities to
characteristics enable novel applicatioAs.
nanometer is ondbvillionth of a meter; a
strand of human hair is about 100,000 nanOteChnOIOQy
nanometers in diameteit thenanoscale, the research and
physical, chemical, and biological propertie § - gpplicatiors. @ Hipjoint made from biocompatible materials
of materials often differ in fundamental anc
valuable ways from the properties of
individual atoms and molecules from the
properties of bulk matter. A criticalfactor (1) Magnetic layers for compact data memory

@ Scratch-proof coated windows that clean themselves with UV
@ Fobrics coated to resist stains and control temperature
pursue

® Intelegent clothing measures pulse and respiration

@ Bucky-tubeframe is light but very strong

@ Nano-particle paint fo prevent corrosion

@ Thermo-chromatic glass fo regulate light

\ ) not conveyed in @ Corbon nanotube fuel cells to power electronics and vehicles

the abovedefinition, developed by GSP Consulting @ Nano engineered cochicar implent

for this project, is that nanotechnology is an

enabling technology that is being used by scientists, researchers, product developers and manufacturers
both in the lab and in the factory to develop enhancements to existing products and creating exciting
new ones.

Nanotechnology in yourCommunity

AsFigure 3llustrates Minnesota organizations have developed nanotechnology applications that are
currentlyimpacting our daily lives few of he products in the marketplacare noted While
YEIEy2(i0SOKy 2t 23e inpacty &eistill tocdnmgdinhesatadasalieady been a key
participant in both basic resear@nd the development ohanotechnology applications.
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An Overviewof Nanotechnology in Minnesota
Leading industrial gopanies in Minnesota have used nanotechnology
to differentiate their products foaslongas four decades in some
cases well before it was callédanotechnologyé Materials science
and semiconductors were two of the early categories of nano

CNRY {YIFff ¢AYSaAzZ al ¢
Minnesota has a history of strength in the area
novelmaterials, especially in recent years in

application Examples of early adopters in Minnesota include 3M, VIEy2aiNIzOGdNER YI G S
Seagate, Cypress and Honeywell. Over the last few years, howeve', university founded the Center for Nanostructu
the growth in this area has been explosidezens oMinnesota Applications, a resource for seeding ideas rela

to the development of novel and nanodevice
based on these nanostructure matds. This
multidisciplinary effort crosses boundaries amc

industrial firms aranow using or researching the use of
nanotechnologyn their products to gain competitive advantagéenis

is expected texpand tohundredsof companies in the next decade science, engineering, medicine, energy, and
Technologybased companies in Minnesota consider nanotechnologcy  systems to capitalize on the possibilities
to be one of their most important areas for research and presented by this new class of materials.

developmentbased on our contact with over three dozen companie:
during this project

In addition to strongnanotechnologycapabilitiesnthe & { | indbigiri@l sector, the University of
Minnesota has a strong nanoscience/technology capability, particuéityn the Institute of
TechnologyAcross the Universitynore than100 faculty areconductingnanoscale research mrange
of applicationsincluding new detection schemes and targeted cancer therapies, potential treatments
for AIDS and other autoimmune disordensaterials for implantable drug delivery, devices to reduce
energy consumption and reduce noise pollution, waysrtprove solar energy collecticand ways to
continue to improvehe electronic, magnetiand optical nano devices and sensors that drivetogh
tech economy. Organizations thatipportthis work include the Department of Chemical Engineering
and Materials Sciencahich is among the top three in the countgytting-edge labs capable of nano
charaderization, device fabricatioand nanopartle synthesis and control, and the Center for
Nanostructured Applications (CNAhichcoordinatesnanaechnology efforts across the University

The Mayo Clinic has been conducting research utilizing nanotechnology for medical applications,
including caner treatment and orthopedics, and has jointly sponsored an annual Nano Bio Medicine
Workshop with the University of Minnesota.

In the Minnesota State Colleges and Universiggstem Dakota County Technical College (DCTC) has
been a nationwide leader instablishing a tweyear Nanotechnology Technician prograbrecently

won an award from the National Science FoundafidSF}o lead creation of a regional Advanced
Technological Educatiddenterin nanotechnologyThe Moorhead campus dlinnesota State

Community and Technical Collegied the North Dakota State College of Science, which are partners in
the NSF center projecalso offer acollaborativetwo-yearprogramand atleast three other tweyear
systemcollegesoffer or are developig nanotechnologyelated programsSome of thei & & (f8u¥ Q &
yearuniversitiesare exploringanintroductionto nanotechnologyr have incorporated nanotechnology
into their curriculum. Some of th& (i | priga &ollegessuch as Augsbui@ollegeand theUniversity

of St. Thomasare doing so as well.
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The interview and stakeholder procesghich involved contact with oved0individuals in the state
uncovered a great diversity opinionsin Minnesota regarding’ | y2 4§ SOKy 2f 238 Qa LR GSy i/
the opportunity regarding nanotechnologysome of the highlights of those discussions include:

1 Thosewho are not involved in nanotechnologglated industry or research have a limited
understanding of what nanotechnology has already accommgdisand what its ptential is. This
was a small subset of those contacted for this project, but the point illustrates that increased
public education regarding nanotechnology is needed.

1 Those who have had contact with or had formed an interest in nanotechnolegy very
assertive that the state should focus on exploiting its hanotechnology strengths.

1 Even moreof those contactedncouraged the pursuit of a larger strategy thiaked the various
interests ofother industry sectors together to form a comprehensive plarsfiience and
technologybased economic growth in the staté/hile it should be noted that these opinions
may be skewed towardbie development of such a plaas most of those interviewed currently
work in firms or organizations that focus on innovatitmt should notdiscount the fact that
the majority of the respondents believed that the technolegpctor in the state i®sing ground
and action isurgentlyneeded.

During the interview sessionall of theprivate-sectorrepresentativesndicated a high level of
satisfaction with the training and education being supplied by the University of Minnesota and
Minnesota State Colleges and Universitil had positive experiences in hiring employees from one or
both educational institutionsrad commented that these assets position Minnesota well.

Our findings indicate that the educational system in Minnesota is a strong assdf pnoperlyand
directly supported one that is and will serve companies well in the future.

15/|GSP: MN Nano Economic Impact AnalysisMarch 3rd, 2009



NanotechnologyRelded Patent Activityand Research

GSP Consulting analyzed a series of data regarding nanotechnelagd patent awardsand research
in an effort to quantify the activity occurring in the state comparison of patent activity in Minnesota
with other narotechnology leaderdemonstratesthat the stateis well-positionedto grow its
nanotechnology base.

Figure4: Nano Patents Figure5: MN Lead Inventors

Nano Patents per 500,000 People . .
P P Number of Assigned Patents with MN Lead

50 Inventors - Top 5 Company Recipients
45 7
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40 +
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30 1+
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20 ]

VT NM MA DE D CA cT OR MN 3M Nanosphere Donaldson Universityof Honeywell Dow.
Company  Minnesota Companies
Sources: US Patent and Trademark Office T@08; US Cens2908 Source: US Pateand Trademark Office 19902008

Figure6: Nano Patents by State

Minnesota ranke®" in nanotechnologyatents
when compared on a per capita basis to other
states with identified nanotechnology patent
activity.3M Corporation produced a significant 1000 1
YdzYo SN 2F aAyySazil Qa
nanotechnology with over 50% of the patents that
were identified by GSP Consultifigigure 6

Number of Nano Patents by Lead Inventor State

1200

800 1

600 1

demonstrates that Minnesota ranked %1n the 400 1

number of nanotechnologyelated patents for the | ,y, L W _

period reviewed|t !s notaworthythat .each of the . AR |_| | |_| | [] | [ B
states ahead of Minnesota is investing state CA NY MA TX PA L NI OH M VA MN

funding in an effort to support and grois

®To find nanotechnology patents, GSP Consulting searched the US Patent and Trade Office (USPTO) database by
keyword (see Appendix A)Vhile some patent activity related to nanotechnology may not have been measured
because it does not register by keywayrthese statistics are comparing the same criteria across states and are
G§KSNBT2NBE AYRAOFIGAGS 2F aiyySazilQa NIylo
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