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Biobusiness 2010:

Minnesota’s Competitive Position in
the Biobusiness Technology Industries

Report of the 2010 Statewide Assessment Project
for the BioBusiness Alliance of Minnesota

Executive Summary

By late 2007, the most recent year for which natiodata from the U.S.
Economic Census is available, the biobusiness tdaby sector in the United States
consisted of over 36,500 establishments, almostnilibn paid employees, an aggregate
annual payroll of over $74 billion, and aggregatawal revenues of over $450 billion.
The biobusiness technology sector in the U.S. bstsitial, dynamic and internationally
prominent. In addition, the average annual wagéhe bioscience technology sector,
across all employment categories—at $64,116—wastai® greater than the average
private sector wage Biobusiness technology is an important field aftistry from the
point of view of economic development across th#gonaand it is a field in which many
American states, and many regions and countriesveksre in the world, are competing
to gain a share of the high-value employment opmiies and revenue-generation
advantages that it represents.

This report summarizes the results of the second stidnobusiness assessment
conducted for the BioBusiness Alliance of Minnesdtiae results of the first assessment,
conducted in 2005 and early 2006, was publisheiligust 2006’ The primary goals of
the 2010 statewide biobusiness assessment proge similar to those of the 2006
project: to provide a baseline assessment of binbss technology in Minnesota against

! These numbers cited here were calculated by Diuifk&Villoughby using data from the 2007
U.S. Economic Census of the U.S. Bureau of the @enkhe data exclude employment inside universities
hospitals and other not-for-profit organizationgdlved in biobusiness.

2 For the full report and executive summary of thigjinal statewide assessment project, see,
Biobusiness: Minnesota’s Present Position and FeitBrospects Report of the Statewide Biobusiness
Assessment Project of the BioBusiness Alliance afidsota (St. Louis Park: BioBusiness Alliance of
Minnesota, August 2006). That project was co-clohireder the auspices of the BioBusiness Alliance of
Minnesota by Vincent Ruane and Kelvin Willoughbya(® Wahlstrom, Chairman of the Board; Jeremy
Lenz, Project Executive). The principle author loé 2006 report (which may be downloaded from the
website of the BioBusiness Alliance, at www.biolmgsisalliance.org) was Kelvin Willoughby.
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which the state may be benchmarked; and, to proWeightful, well-researched
recommendations to help guide the state in becomioge competitive in specific areas
of biobusiness. An additional goal of the 2010 ecbjwas to document and analyze
changes that have taken place in Minnesota’'s binbss technology industries—
specifically, increases or decreases in key ecomowariables in the constituent
industries, in comparison with changes in equivailetustries in the selected competitor
states and in the nation as a whole—during the tiraehas passed since the date of the
previous U.S. Economic Census in 2002.

Biobusiness is economic activity devoted to theldement or commercialization
of bioscience or bioscience-related technologigsdpcts or servicesln other words,
biobusiness is technology-based economic actikidy ttilizes or is informed by biology.
Biobusiness deals with the spectrum of enterprises start-ups to established firms,
together with associated infrastructure and suppentices (such as those provided by
legal service firms, management consultants, madebrganizations, accountants,
lobbyists, investors, regulatory affairs specialistr specialized property developers).
The focus of this assessment project, howeveronasnarrower set of enterprises: those
whose primary business is the development or commercialization of whatenhelyetbed
as “biobusiness technologyBiobusiness technology is technology devoted to the
biological domain, as either a system of tools eraafield of applicationPut simply,
biobusiness technology is technology focused orlogjo It is the technological
foundation of biobusiness.

The primary data source that has been drawn updisireport for analysis of
Minnesota’s competitive position is the periodimBomic Census conducted by the U.S.
Census Bureau, together with data from the varsougeys of non-employers associated
with the Economic Census. The Economic CensuslesoAmerican business every 5
years, from the national to the local level. Theoamic Census is based on a new
standard industrial classification system (the Nokimerican Industrial Classification
System—“NAICS”), which was implemented for the fitsne in 1997. The most recent
Economic Census data were generated at the close of 2007 and were released during
2010. Thus, the most recent census data availaliteedime of writing this report are
2007 data. This report also draws upon data framwo previous Economic Censuses,
from 1997 and 2002, thus allowing us to conduct analyss @yeriod of ten years.

In this project a carefully selected set of NAIG&les was employed to act as a
proxy for the overall biobusiness technology secitie aggregated (i.e., “macro”) set of
industries represented by those codes was lalbedetbiobusiness technology industry,”
and comprised five constituent industry segmenitsmselves also corresponding to a
carefully selected set of NAICS codes: the medical devices industry, tBeirRéae life
sciences industry, the agri-bio and bio-industrisdchnology industries, the
pharmaceuticals industry and the medical and diagnostic laboratories industryorData
all five segments were included in the analysig} detailed analysis was conducted for
the first four of those segments.

Basic Findings and Overview of the Biobusiness Technologgdustry

As shown in Figure 1, Minnesota’s economy is moeauily oriented towards
biobusiness technology employment than is the eognaf the whole country. In fact,
biobusiness technology employment in 2007, as ggquton of employment in all
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industries, was 43% greater in Minnesota than & nlation as a whole. While the
numbers have fluctuated over time, Minnesota reathtonsistently above the national
norm throughout the previous decade. This meartsMiranesota’s future employment
prospects are more dependent than most other state$iat happens to its biobusiness
sector. In short, more is at stake for Minnesothiobusiness than is the case for most
other states.

Executive Summary: Figure 1
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Minnesota’s biobusiness sector is also distinctigae in large part to the
extraordinary role played by the medical devicedusiry in the mix of biobusiness
technology industries in the state. The percentddpgobusiness technology employment
accounted for by the medical devices segment (7i8%mhore than twice as large in
Minnesota than it is in the nation as a whole; #tredratio of Minnesota to the nation (in
the percentage of biobusiness technology employrmaeobunted for by the medical
devices segment) increased from 202% to 231% duheglecade leading to the most
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recent Economic Census. Thus, medical devices nigt mlay a dominant role in the
state’s biobusiness technology industry but thenmmence of that role has been growing.

Executive Summary: Figure 2

Biobusiness Technology Industries in Minnesota,
Total Number of Employed People, 1997 - 2007
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What about the absolute size of Minnesota’s biomss technology sector? By
late 2007 the state was home to almost 34,500 biokss technology employees.
Additionally, total biobusiness technology employrmen Minnesota grew by over 20%
during the preceding five years, signaling a sigaiit improvement over the observed
trend for 1997 to 2002 in the state. Those 34,5@business technology jobs in
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Minnesota at the end of 2007 were associated with over $2.1 billiayiolpand almost
$11 billion in revenue, spread over more than 670rpriges in the staté.

Overview of Medical Devices

Since 2002, Minnesota has enjoyed an encouraging positive turnaround in its
competitive position in the medical devices indusBy the end of the decade it was
second only to California in the number of medidavices jobs and it moved in to the
top position (above California) in terms of its productivity as a state in generating
medical devices employment, taking in to accouetrélative size of its economy and the
state of the industry and the general economy matae. Despite significant (and
improving) competition from a number of other statelinnesota managed to regain and
build upon its competitive position in the medidalices industry.

While most of the other competitor states (inclgdi@alifornia) lost medical
devices jobs during the second half of the dech@enumber of jobs in Minnesota in this
field actually grew significantly. During that ped, while the nation as a whole lost
more than 11,000 medical devices jobs in the aggeeghe number of people employed
in medical devices enterprises in Minnesota grew by over 4,500 people.

Overview of R&D in the Life Sciences

“R&D in the life sciences” is the overarching lalfet research and development
in biotechnology and research and development in othexdyigklated fields. It includes
only R&D activities and not manufacturing activeie

The first statewide biobusiness assessment reptiteedetween 1997 and 2002
Minnesota has been growing more slowly than thenas a whole in employment in
R&D in the life sciences. At that time the Unitemat8s as a whole had enjoyed a growth
of 149% in life sciences R&D employment during teevious half-decade whereas
Minnesota’s employment in the field had grown by only 52 percent. Since then, however,
the situation has changed. During the half-decadl®wing the previous Economic
Census, total life sciences R&D employment in the United States dropped by about 19%
and many states experienced painful drops muchedatigan that (e.g., New York
experienced a 77% reduction). California experienced a reduction of 23 percent,
following its previous rise of 134 percent. Minnesota managed to contain its reduction
after 2002 to 8% only. In other words, Minnesota reversed its situation frarg be
significantly below the national average prior @02, to being significantly above the
national average after 200ds-a-visemployment growth in life sciences R&D.

Minnesota has apparently been doing something dgtihg recent years, not just
in the medical devices area, but also in the business of life sciences R&D.

Overview of Agri-bio and Bio-industrial Technology

Agri-bio and bio-industrial technology is technojodirected primarily towards
applications in biological systems exterior the lamnbody. Agri-bio and bio-industrial

3 Source: Dr. Kelvin Willoughby, using data from th@97 Economic Census, the 2002 Economic
Census and the 2007 Economic Census of the U.8aBwf the Census.
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technology may incorporate technical means from falg of technology, including
biotechnology; but it must be directed towards magions in living systems or biology-
related contexts. Agri-bio technology is focused the application of biological
technology in the field of plants and agriculture and bio-industrédinelogy is focused
on the application of biological technology in irstiial fields such as bio-materials, bio-
processing, bio-energy, bio-based chemicals, foogkdignts, and bio-remediation.

During the second half of the decade to 2007 enmpéry in Minnesota in the
agri-bio and bio-industrial technology industries increased by over 44% arstithés
share of total national employment in the secteo abse. Ethanol production is the
dominant sub-domain of Minnesota’s agri-bio and bio-itrialsechnology industries.

While the recent performance of the state in thémas positive, not negative, the
modest absolute scale of the growth compared Wwelgtowth that was enjoyed by some
of the other states suggests that Minnesota may toeeedouble its efforts. This may, for
example, include identifying a niche (such as eingrgtechnologies in ethanol
production) where the state may have a chance toth&e agenda in the nation.
Nevertheless, notwithstanding the fact that a number of other states seem rwokiade
more aggressively than Minnesota in to the agri-bBd bio-industrial technology
industry space during the last decade, it appésts Nlinnesota remains active in the
area, leveraging some of its emerging capabiliiesommercial life sciences R&D to
develop new business models for innovation in Agriand bio-industrial technology.
Some other U.S. states may be benefitting, in tesmemployment generation, from
Minnesota’s efforts in this domain; but Minnesotaggri-bio and bio-industrial
technology companies seem for now to be generatargased revenue for the state from
their geographically dispersed activities.

Overview of Pharmaceuticals

While Minnesota is a relatively minor player in th& pharmaceuticals industry,
the scale of the industry in Minnesota is growibBgring the five years leading up to the
most recent Economic Census, total pharmaceuticafdoyment in Minnesota grew by
76 percent and the state’s share of national phlzeuwt@als employment increased
significantly. Minnesota increased its productivity generating both employment and
enterprises in the pharmaceuticals industry; andnneBota’s performance in
pharmaceutical entrepreneurship was greater tham evie would expect, all other things
being equal.

Minnesota’s percentage growth in pharmaceuticalpl@gment was in fact the
highest of the eleven competitor states includedhi& assessment. The growth in
pharmaceuticals employment for the nation as a evdating that period was less than
one percent, and some states—e.g., New JerseyyNgy Utah and lowa—actually lost
jobs. Minnesota’s employment growth in this sectaredest though it is in terms of
absolute numbers—should therefore be treated with some respect.

Overall, Minnesota performs relatively more strgngih pharmaceuticals
entrepreneurship than it does in generating growmtipharmaceuticals employment.
Nevertheless, having said that, the state’s pedaoga in the generation of new jobs in
pharmaceuticals in recent years is very encouraging
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Conclusions

Figure 3 provides a summary of the empirical resoft this project. The most
important conclusion is that Minnesota increassdiitmber of biobusiness technology
jobs significantly during the five-year period beswn the two most recent Economic
Censuses. During that time the state also incredseg@roductivity in generating
biobusiness technology jobs relative to other statéinnesota managed to maintain its
above-average level of competitiveness (measurednipyloyment levels, weighted to
take in to account the relative size of Minnesotatonomy and the size of the
biobusiness technology industry nationwide) cordusly throughout the decade
following 1997; and between 2002 and 2007 the stateaged to significantly improve
its relative position. In short, Minnesota managedurn around its previous downward
trend in biobusiness technology competitiveness @&t impressive upward swing. The
scale of the upwards shift in Minnesota’'s competitess, as indicated by its dynamic
propensity for generating employment through biatess technology, was the greatest
of any of the competitor states reviewed duringatgessment project.

The salience for Minnesota, compared with othetestdespecially in areas of
technological convergence) between the devices esegrand other segments, was
recognized in the previous statewide assessmeoitréys we enter the second decade of
the Twenty First Century it appears to be impeetior Minnesota to enhance its
capacity to leverage the strength of the medicalicds segment of the biobusiness
economy for the other segments. Accordingly, there may be value for enterprises in the
other segments in the overall biobusiness technology industry to consciously Hesk fur
opportunities for leveraging the strength and momentum of the medical devices segment
to their own advantage. Conversely, medical devfoess might find opportunities to
further enhance their business by seeking waysuerdge innovations emanating from
the other segments.

The leaders of Minnesota’s impressive recent binless technology resurgence
might be able to energize their efforts to conwbrs resurgence in to a sustainable
competitive advantage for the state through fatiig the enhancement of linkages
between the medical devices segment and other sggmiethe biobusiness economy in
Minnesota.

The first statewide assessment report for the BsoBass Alliance of Minnesota
ended with the following conclusion, regarding thebusiness technology industries of
Minnesota:“... the biobusiness “train” has not yet left the 8tan. However, we have
discovered through our investigations that—metaadly speaking—other states and
other communities are busy investing in their owabbsiness “railway” systems,
complete with tracks, stations, rights of way, new types of locomotives and new ralil
support services. Minnesota needs to plan and im@f its next-generation
“biobusiness rail system” with renewed vigor andyancy ... and in a manner that truly
reflects the distinctive technological capabilitiesthe state. The dynamism, uniqueness
and recently renewed growth of the employment amgnbss activity in our state’s
biobusiness sector provides solid grounds for hibyé the necessary steps can be taken
to sustain Minnesota as a first-tier global player in the biobusiness fighgse it can
truly be among the best of the bestHis report of the second statewide assessment has
shown that both the caution (about mounting contipatfrom other states, amidst some
faltering steps within the state) and optimism (gbdinnesota’s underlying capability to




Biobusiness 2010: Minnesota’s Competitive Position

in the Biobusiness Technology Industries

respond to the challenge) expressed in that fiegtot were justified. Some of
Minnesota’'s competitor states have continued tcaeod their position in biobusiness
technology since 2002 thereby threatening the comfort of Minnesota’s incumbent
biobusiness technology enterprises; but in the nt@am Minnesota has also apparently
managed to make real progress in planning and mmgaéing its “next generation
biobusiness rail system” (to continue with the metaphor emplioyé® previous report).

The upward swing in Minnesota’s biobusiness teatgplfortunes since 2002 may
provide inspiration and grounds for hope to théesacurrent biobusiness leaders.

Executive Summary: Figure 3

Overall Economic Trends, Biobusiness Technology Ind ustries
(and the Macro-economy), Minnesota, 2002-2007
_R&D i'n the A Total All
Economic Medical | Life Sciences | Agri-bioand Pharma- | Biobusiness Industries
; ; (excluding the Bio-industrial } .
Variable Devices Seademic Technology ceuticals Technology (in the macro-
sector) Industries economy)
Number of
employed people Up Slﬁom? Up Up Up Up slightly
(in Minnesota) gntly
Percentage of U.S. . Down
workforce Up Up slightly Up Up Up slightly
Number of
Enterprises Down Up Up Down Down Up
(in Minnesota)
Percentage of U.S. Down
Enterprises e e el slightly Up Down
Relative productivity
in generating Down
employment* Up Up Up Up Up slightly
2002-2007
Overall
Competitiveness Up Up Up slightly sligr?tly Up Stable
2002-2007
Relative productivity
in generating .
employment* Down Down Down Down Down Up slightly
1997-2002
Overall
Competitiveness Down Down Down Stable Down Uf)tZIki);t/Iy
1997-2002

I As indicated by changes in the pertinEntployment Density Indewver time.
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Biobusiness 2010:

Minnesota’s Competitive Position in
the Biobusiness Technology Industries

1. Introduction

This report summarizes the results of the second stidviobusiness assessment
conducted for the BioBusiness Alliance of Minnesota.

The first assessment, published in August 2006sisted of two parts: (1) a
systematic study of Minnesota and ten other staesigned to produce a baseline profile
of Minnesota’s biobusiness technology economy at ¢hd of the most recent U.S.
Economic Census and a comparison of Minnesota’spetitive position, including
strengths and weaknesses, with other U.S. stategetiteg areas of economic
development similar to Minnesota; and, (2) a dethilgrassroots” census and study of
biobusiness technology enterprises in Minnesotafilimg core technologies, products
and markets of those enterprises, for the primarpgse of identifying appropriate focal
areas for technological investment and developnreritiobusiness in Minnesota. The
comparative study focused on business enterpriss whereas the grassroots study
also included academic and non-for-profit research azgéions in its purview.

The second statewide biobusiness assessment, ¢eddlwging the latter months
of 2010, has followed the general methodology c# tiriginal comparative study,
updated to include new data on industry developsnénat have become available
following the release during 2010 of the results of the 2007 U.S. Economic Census. The
2010 assessment exercise, the results of whicboautained in this report, consisted only
of the comparative assessment of Minnesota andttegr states; it did not include a
repetition of the original 2006 grassroots study.

The primary goals of the 2010 statewide biobusiressessment project were
similar to those of the 2006 project: to providdaseline assessment of biobusiness
technology in Minnesota against which the state @yenchmarked; and, to provide
thoughtful, well-researched recommendations to lgelide the state in becoming more
competitive in specific areas of biobusiness. Adiwahal goal of the 2010 project was

4 For the full report and executive summary of thiginal statewide assessment project, see,
Biobusiness: Minnesota’'s Present Position and FaitBrospectsReport of the Statewide Biobusiness
Assessment Project of the BioBusiness Alliance afifdsota (St. Louis Park: BioBusiness Alliance of
Minnesota, August 2006). That project was co-clohireder the auspices of the BioBusiness Alliance of
Minnesota by Vincent Ruane and Kelvin Willoughbya(® Wahlstrom, Chairman of the Board; Jeremy
Lenz, Project Executive). The principle author loé 2006 report (which may be downloaded from the
website of the BioBusiness Alliance, at www.biolmgsisalliance.org) was Kelvin Willoughby.
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to document and analyze changes that have takem e Minnesota’s biobusiness

technology industries—specifically, increases aerdases in key economic variables in
the constituent industries, in comparison with gemnin equivalent industries in the

selected competitor states and in the nation aBaewduring the time that has passed
since the since the date of the previous U.S. Boam@ensus in 2002.

2. Basic Profile of Minnesota’s Biobusiness Economy

Before elaborating the full results of this studywill be useful to provide an
overall picture of Minnesota’s biobusiness econduyether with some definitions of
basic concepts. A full list of definitions and aogmanying explanations is provided in
Appendix 1.

Biobusiness is economic activity devoted to theldement or commercialization
of bioscience or bioscience-related technologigsdpcts or servicesln other words,
biobusiness is technology-based economic activityutiizes or is informed by biology.

Biobusiness deals with the spectrum of enterpriisea start-ups to established
firms, together with associated infrastructure angstipservices (such as those provided
by legal service firms, management consultants ketigyg organizations, accountants,
lobbyists, investors, regulatory affairs specialistr specialized property developers).
The focus of this report is on a narrower set démarises: those whose primary business
is the development or commercialization of what nmay labeled as “biobusiness
technology.” Formal analysis of the infrastructamed support services associated with
biobusiness may be addressed elsewhere.

Biobusiness technology is technology devoted to the biological domain, as either
a system of tools or as a field of application.

Put simply, biobusiness technology is technology focused on biolbgy.the
technological foundation of biobusiness. As explained further in Appendix 1, biobusiness
technology may be grouped in to three broad andayging technological sub-domains:
biotechnology; human health technology; and agri-&ibio-industrial technology. An
organization whose business is based on any of these three domaibg thaagled a
“biobusiness technology enterprise” (BTE).

By late 2007, the most recent year for which natiodata from the U.S.
Economic Census is available, the biobusiness tdaby sector in the United States
consisted of over 36,500 establishments, almostnilibn paid employees, an aggregate
annual payroll of over $74 billion, and aggregateuwsl revenues of over $450 billion.

The biobusiness technology sector in the U.S. is substantial. In additioaydhsge
wage in the bioscience technology sector (at $64,116, in 2007) was almost0$23,00

® These numbers were calculated by Dr. Kelvin Wiloy using data from the 2007 U.S.
Economic Census of the U.S. Bureau of the Censsiagua selection of industry categories listed in
Appendix 2. The data used to construct Figures 2 &ere also drawn from that source. These data
exclude employment inside universities, hospitatgl ather not-for-profit organizations involved in
biobusiness.
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greater than the average private sector WWaB@mbusiness technology is an important
field of industry from the point of view of economic develan

Figure 1: Biobusiness Technology Employment aBarcentage of Employment in All Industries—
United States and Minnesota, 1997, 2002 & 2007
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As shown in Figure 1, Minnesota’s economy is moeauily oriented towards
biobusiness technology employment than is the eognaof the whole country. In fact,
biobusiness technology employment in 2007, as agqution of employment in all
industries, was 42% greater in Minnesota than m lation as a whole. While the
numbers have fluctuated over time, Minnesota reathtonsistently above the national
norm throughout the previous decade. This meartsMiraesota’s future employment
prospects are more dependent than most other statetat happens to its biobusiness
sector. In short, more is at stake for Minnesothiobusiness than is the case for most
other states.

® These wage figures were also calculated by DrviKélilloughby using data from the 2007
U.S. Economic Census of the U.S. Bureau of the @ens
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Figure 2A: Percentage of Total Biobusiness TechngloEmployment in Each Industry—United
States and Minnesota, 2007
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As shown in Figure 2A, Minnesota also has a distzedbiobusiness technology
profile. Compared with the rest of the country, state’s biobusiness sector is heavily
dependent upon the medical devices segment. In tlaet percentage of biobusiness
employment accounted for by the medical devicemsedis more than twice as large in
Minnesota than it is in the nation as a whole. FAgLRA, 2B and 2C together reveal that
the ratio of Minnesota to the nation (in the respective percentage of biobusiness
employment accounted for by the medical devicesneed) increased over the previous
decade, from 202% in 1997 to 233% in 200Vhe relationship (especially in areas of
technological convergence) between the devices segment and other segments therefore
seems to be salient for Minnesota, compared wiibrattates.

" These percentages were calculated as follows: 26286.9 / 40.0 and 233% = 77.8 / 33.4
(numbers extracted from data in Figures 2A and 2C).
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Figure 2B: Percentage of Total Biobusiness TechngioEmployment in Each Industry—United
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States and Minnesota, 2002
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Figure 2C: Percentage of Total Biobusiness TechngyoEmployment in Each Industry—United

States and Minnesota, 1997
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Figure 3: Biobusiness Technology Industries in Mingeta, Total Number of Employed People,
1997-2007

Biobusiness Technology Industries in Minnesota,
Total Number of Employed People, 1997 - 2007
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What about the absolute size of Minnesota’s biomss technology sector? By
late 2007, the most recent year for which data five U.S. Economic Census is
available, the state was home to just over 34,000 biobusiness technology employees.
Additionally, total biobusiness technology employrme Minnesota grew by over 20%
during the preceding five years, signaling a sigaiit improvement over the observed
trend for 1997 to 2002 in the state (see FigurefBhse 34,000 biobusiness technology
jobs in Minnesota at the end of 2007 were assatiatth over $2.1 billion in payroll and
almost $11 billion in revenue, spread over morentBa&0 enterprises in the stétét is
worth noting that the total economic impact woulel éven greater if all biobusiness

8 Source: Dr. Kelvin Willoughby, using data from th@97 Economic Census, the 2002 Economic
Census and the 2007 Economic Census of the U.8aBwf the Census.
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enterprises were taken into account, as opposedotely including biobusiness
technology enterprises, as has been done for #igsimin this report.

The share of Minnesota’s economy accounted for ibpusiness technology—
measured by either employment or industry revenuereased over the five years
between the two most recent U.S. Economic Cens(#¥ and 2007). The share of
employment in all industries accounted for by bmihass technology jobs rose 15%
above its 2002 level by 2007, and the share ofmeweén all industries accounted for by
revenltge from biobusiness technology enterprises 26% above its 2002 level by
2007:

Minnesota has a significant presence in biobusitegsnology; and biobusiness
technology plays a significant role in Minnesotat®nomy.

3. Overview of Methodology and Data Sources

The publicly available data sources that are uskfulconducting comparative
industry competitiveness studies across the Urfiides do not lend themselves very
neatly to the analysis of biobusiness or, moreiqdarly, biobusiness technology. The
best that can be done is to select a group of tndusitegories to act as a proxy for
biobusiness technology as defined and illustratedopefndix 1.

The primary data source that has been drawn updisireport for analysis of
Minnesota’s competitive position is the periodimBomic Census conducted by the U.S.
Census Bureau, together with data from the varsougeys of non-employers associated
with the Economic Census. The Economic CensuslesofAmerican business every 5
years, from the national to the local level. Theolimmic Census is based on a new
standard industrial classification system (the Nokimerican Industrial Classification
System—“NAICS”), which was implemented for the fitsne in 1997. The most recent
Economic Census data were generated at the close of 2007 and were released during
2010. Thus, the most recent census data availalileeaime of writing this report are
2007 data. This report also draws upon data framwo previous Economic Censuses,
from 1997 and 2002, thus allowing us to conduct analyss @yperiod of ten years.

The new NAICS categories are more suitable for mapping new science-and-
technology based industries than were the old categ (based on SIC codes). Despite
these much welcomed advances, the industry catesgemployed by the U.S. Census
Bureau in its five-yearly economic censuses (foireal as the NAICS codes) do not fit
neatly with the concept of a biobusiness technolagystry. The NAICS codes tend, on
the whole, to be based on product or market coscephereas the concept of the
biobusiness technology industry (or industries) bigsed primarily on underlying
technology concepts rather than product or markecepts. As a consequence, it is
impossible to find a set of NAICS codes that cqoesls exactly to the group of

° For example, if the scope of the analysis wereadieoed to include “biobusiness clinical
services” (from hospitals and veterinary servicevpters) in 2007, the economic impact would rise to
about $25 billion in revenue, about $8 billion iaypoll and about 150,000 jobs, spread across &h600
enterprises.

19 Source: Dr. Kelvin Willoughby, using data from tB602 Economic Census and the 2007
Economic Census of the U.S. Bureau of the Census.
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biological technology industries that are labelegreh collectively as “biobusiness
technology” industries.

Figure 4: Biobusiness Technology Industries (Map of NAICS-based categories - 2007)

Biobusiness Technology Industries
(Map of NAICS-based categories — 2007)

Medical Devices

3391: Medical equipment and
supplies manufacturing

334510: Electromedical and
electrotherapeutic
apparatus manufacturing

334517: Irradiation apparatus
manufacturing

R&D in the
Life Sciences

541711: Research & development
in biotechnology

541712 (part): Selections of NAICS 541712
“R&D in the Physical, Engineering,
& Life Sciences (except Biotechnology)”

Nevertheless, after careful study of the North Ainaer Industrial Classification
System, a group of NAICS codes was selected tasaatrough approximation for the set
of enterprises that together constitute the bioimss technology sector. The results are
summarized in Figure 4. The categories covereddnre 4 may be seen as a practical
but inexact substitute for the biobusiness categgoprtrayed in Appendix 1. Data were
collected and analyzed for each of the NAICS ingushtegories listed in Figure 4,
covering both enterprises with paid employees artdrprises without paid employees,
for 1997, 2002 and 2007. Precise definitions ohaadustry group included in Figure 4
are provided in Appendix 2 at the end of this repBome minor changes to the NAICS
classification system, pertinent to this study, which were adopted between 2002 and 2007
Census, were implemented by the U.S. Census Budeang the 2007 Economic
Census. A systematic mapping of the older and n@WdCS categories employed in
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this report, to indicate the correspondence betwlee2007 data set and the two previous
data sets, is provided in Appendix 3.

In an effort to fit in as best as possible withuasptions and concepts embedded
in the NAICS categories, biobusiness technology wabdivided into five sub-
categories: medical devices, pharmaceuticals, R&Ehe life sciences, agri-bio & bio-
industrial technology, and medical & diagnostic laboratories.

The three combined categories of medical devidearmaceuticals, and medical
& diagnostic laboratories illustrated in Figurethgmselves being aggregations of sub-
collections of NAICS categories) are treated a®wugln proxy for what is labeled as
“human health technology” in Figure 35 in Appendix 1. The aggregated collection of
NAICS categories labeled in Figure 4 as “agri-bidi&-industrial technology” is treated
as a rough proxy for the biobusiness technology category sfathe name in Appendix
1 (Figure 35). The NAICS category in Figure 4 laoehs “R&D in the life sciences” is
treated here as a rough proxy for the biobusinestinblogy category labeled in
Appendix 1 (Figure 35) as “biotechnology,” excepttt it focuses on research and
development activities rather than manufacturinige NAICS category called “R&D in
the life sciences” actually includes a broaderyaaibiology-related fields of R&D than
biotechnology (strictly defined), some of which perhaps really belong in tlegast
labeled as “agri-bio & bio-industrial technology” in Appendix ig(ie 35). However,
given the limitations of the NAICS data sets, treating “R&D in the life sciérags
roughly equivalent to what most people think-oflaistechnology R&D” is a reasonable
compromise to help us deal with the realities of publicly available data sets.

The “Research & development in the life scienceategory—as mentioned
above—includes only R&D activities and not manufisicty activities. This category,
“R&D in the life sciences,” is comprised of firmsom both NAICS 541711 (R&D in
biotechnology) and a portion of firms from NAICS 541712 (R&D in the physical,
engineering, and life sciences (except biotechnglogepresenting only the life sciences
sub-category of NAICS 541712. The official defiaiti for NAICS 541711 is: “...
establishments primarily engaged in conductingdaiohology research and experimental
development. Biotechnology research and experirhéetzelopment involves the study
of the use of microorganisms and cellular and biecwdar processes to develop or alter
living or non-living materials. This research andvelopment in biotechnology may
result in development of new biotechnology processee in prototypes of new or
genetically-altered products that may be reproduaglized, or implemented by various
industries.” The definition for the life sciencesibscategory of NAICS 541712
(previously NAICS 5417102) is: “... establishmentsmarily engaged in conducting
research and experimental development in medichresglth, biology, botany,
agriculture, fisheries, forests, pharmacy, and rofife sciences including veterinary
sciences.™ This sub-category excludes biotechnology R&D, ciiri speaking, as
defined in NAICS 541711.

1 A detailed explanation of how the calculations everade for the life sciences component of
NAICS 541712 (R&D in the physical, engineering, difd sciences (except biotechnology) for 2007,
together with a concordance for the pertinent pafttNAICS 2002 and NAICS 2007, is provided in
Appendix 3 at the end of this report.
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The manufacturing components of biobusiness tecigydbelong in a number of
places. The medical devices category and the pltautiaals category are all
manufacturing categories. In addition, the geneategory labeled as “agri-bio & bio-
industrial technology” is a manufacturing categoBnterprises devoted primarily to
R&D activities in agri-bio and bio-industrial teablogy (vis-a-vis Figure 35) are
included within the “Research & development in lifeesciences” category (in Figure 4).
Food technology companies come mostly under thadboategory of “agri-bio & bio-
industrial technology.” In the cases where foothfirare devoted primarily to research
and development activities, they are classifiechiwitthe “R&D in the life sciences”
category (in Figure 4).

Having defined and illustrated what is meant byothisiness technology”
(primarily business centered on biological techgg)p and having provided a general
profile of the biobusiness technology sector in Misota, it is appropriate to now review
our state’s competitive position alongside othempomant biobusiness states. The
following sections of this Report compare Minnesaith ten other U.S. states that are
widely regarded as prominent players in biobusitesinology, which are of interest
because of similarities or differences they exhiista-visbiobusiness in Minnesota, or
which are often considered by policy analysts antilistry observers to be peer states of
Minnesota: California, lowa, Massachusetts, New Jersey, New York, North Carolina,
Ohio, Utah, Washington and Wisconsin. The list efn tstates is not meant to be
exhaustive; it is intended to be indicative for cetitpve analysis. The list also provides
a wide spectrum of states from large to small, mrb@ rural, coastal and heartland,
proximate to Minnesota and distdft.

4. Biobusiness Technology

Figure 5 plots the total employment level for th@bisiness technology
industries (calculated using the NAICS codes agips) in Minnesota and the ten other
selected states. California, with over 200,000 peeemployed in biobusiness technology
enterprises, clearly leads the nation in biobusirnieshnology. About 30% of those jobs
were added since 1997 and, while the state has lost some ginoe®002, California’s
overwhelming leadership position is still robust.

California is followed in the distance by a fewtstathat are positioned in the
second tier vis-a-vis biobusiness technology employment overall: Newseler
Massachusetts and New York. These states also dtertime second tier for employment
in life sciences R&D, with the exception of North Carolina (the position of which has
risen dramatically during the last decade), and #is second tier for employment in the
medical devices industry, with the exception of Minnesota. Minnesota is thieaidgm
seconltg tier player in medical devices but curreptt a minor player in life sciences
R&D.

12 All of the calculations and figures reported iistReport dealing with Minnesota’s competitive
position were produced by Dr. Kelvin Willoughby diag upon data from the 1997, 2002 and 2007 U.S.
Economic Censuses.

13 See Figure 11 and Figure 17 in later sectionshisf Report for details about employment in
medical devices and R&D in the life sciences.
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Figure 5: Employment, Biobusiness Technology Indties—1997, 2002 & 2007
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Figure 6: Percentage of Total National Employment Biobusiness Technology Industries—1997,
2002 & 2007
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A bright observation for Minnesota, from Figure iS5, that employment in
Minnesota’s biobusiness technology enterprises grelwy over 20% from 2002 to
2007, more than making up for the lackluster penfoice during the previous half-
decade. This news is especially encouraging, diiceesota was the only state out of
eleven that actually appeared to lose a small numbbkiobusiness technology industry
employment during the five years from 1997 to 260By the latter half of the first
decade of the new millennium, Minnesota was obWouing something right to
nurture its competitiveness in biobusiness techgylo

The groundswell (from stalled to positive) of Misoga’s overall fortunes in
biobusiness technology employment during the figarg to 2007 is doubly encouraging
in view of the fact that two of the state’s rivaisthe third tier during 2002—Ohio and
Washington—failed to make comparable progress. iN@arolina, on the other hand,
appears to be a state for Minnesota to carefullychivaln 1997 total biobusiness
technology employment in North Carolina was lowenrt that of Minnesota but ten years
later it was significantly higher.

Figure 6 takes the same data that were used tdrgon&igure 5 but expresses
them as percentages of the national total, rateer s absolute employment numbers.
The “national total” here refers to the total oé twhole of the United States, not just the
total of the eleven comparison states that ardabes for our analysis. California once
again is the overwhelming leader, despite losingugd slightly in the face of stiff
competition from other states during the secontidfahe decade. California managed to
maintain its strong national position despite itelely touted “inhospitable business
climate” (due to high real estate prices, high saxed high wages). Minnesota’s share of
the national total increased during the five year8007 by one half of one percent to 2.9
percent. Of the strong second tier states, Massatisuvas the only one that managed to
increase its share of the national employment;tatdiough, as previously noted, in this
regard North Carolina appears to be moving stedudily the third tier to the second tier.

It is also important to examine the relative positof states in generating new
biobusiness technologycompanies in addition to total biobusiness technology
employmentin other words, to analyze the relatieetrepreneurial propensitiesf the
states in biobusiness technology. Figure 7, whiak produced for this purpose, reveals
that during the latter half of the decade in questll eleven states underwent a reversal
of their previous upward trend in biobusiness technology enterprise creation. Between
2002 and 2007 all eleven states experienced andeah their number of locally
domiciled biobusiness technology enterprises. Tats suggests that national factors,
unrelated to the peculiarities of each state, drowesolidation within the industry.
Minnesota, which was unable to escape this nativaatl, experienced a contraction of
26% in the number of biobusiness technology entprclaiming the state as their
home. California, for example, experienced a cativa of 35%, New Jersey
experienced a contraction of 37% and New York expee@@ccontraction of 45 percent.

4 The forecast of a post-2002 overall turnaround in biobusinessidiegy employment for
Minnesota that appeared in the first statewide ssssent report was thus affirmed by the resultshef t
2007 Economic Census released in 2010 (Bémhusiness: Minnesota’s Present Position and Fautur
Prospects Report of the Statewide Biobusiness Assessmeojed®rof the BioBusiness Alliance of
Minnesota (St. Louis Park: BioBusiness AlliancéMifinesota, August 2006), pages 12 &17).
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Thus, while Minnesota experienced a contractiontgnbiobusiness technology
enterprise population during the half-decade betv2892 and 2007, it actually managed
to resist the national trend towards consolidatiwore successfully than did its larger
competitor states. It is also important to rechHhtt while the number of enterprises
dropped, the total number of people employed actually increased.thbres was no net
economic loss from the consolidation. The average size of biobusiness technology
enterprises in Minnesota increased during the dedfade following 2002 from 31 people
to 51 people per firm. The comparable increase ferbibbusiness technology industry
as a whole, across the United States (all 50 $fates from 21 people to 32 people per
firm. Thus, not only did the average size of biabass technology firms in Minnesota
increase to a greater degree than occurred in @euivfirms across the whole nation, but
the rate of growth in firm size was greater in Misata than it was for the United States
as a whole.

At the end of the decade, California led the pagkiraas the sole first tier state,
with just over 6,200 biobusiness technology entsest compared with 670 in
Minnesota’®> New York’s previous position as the sole secoed $tate \{is-a-vis the
number of enterprises) was undermined by the wawemsolidations, contractions and
losses it experienced. By the end of the decade Yaw came close to joining the third
tier of biobusiness technology enterprise statdsigfvmight more aptly be described
now as the “new second tier”), together with Newsdg, Massachusetts, Ohio, North
Carolina and Washington.

In the minds of some observers, California’s extlawry position should be
discounted due to the fact that California’s population and economy dredrytlarge;
and some might even argue that comparisons of & Istafe such as California with
smaller states, such as Minnesota, is simply nptagpiate ... like comparing apples and
oranges. A similar argument might also have beescthid towards larger states such as
New York, at least until 2002. It is therefore agmiate to conduct some deeper analysis,
that takes in to account in a systematic manner the relative sizewlhdfe economy in
each state, and that weights each state’s contributionciogly.

One way to do this is through what may be labeledegcally as an “industry
density index.” An industry density index may besdisas an indicator of the relative
capacity of regions to generate a particular kind of industry. Hadéx tells you
something about the regional strength of an ingusttandardizing the figures to take
into account differences in the scale of the economies in the regions (e.g., states) und
consideration, the state of the industry in thgdamregion (e.g., nation, as the case may
be), and the current state of the whole economgutitrout the nation (or whatever
reference region is used).

The indices take into account that, with other gkirbeing equal, one would
expect to find a large-scale industry (of a spedifkind) in a large community, and a
correspondingly small-scale industry (of the samecHied kind) in a small community.
For example, you would expect to find more restaisran Minneapolis-St. Paul than in
Rochester, simply because of the larger populatidhe metropolitan area, but the fact
that this was the case would not tell you if th&aarant industry was any mateminant

15 Unless otherwise indicated, all references in iiprt to “the decade” will denote the ten years
from 1997 to 2007 (i.e., the period covered bydata reported in all the charts and graphs).
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Figure 7: Enterprises, Biobusiness Technology Indtiess—1997, 2002 & 2007
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Figure 8: Employment Density Indices, Biobusinesedhnology Industries—1997, 2002 & 2007
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or strong in the Twin Cities than in Rochester. Industry slgnindices enable fair
comparisons between regions, standardizing foewdiffces in the scale of the regional
economies.

The industry density indices are designed so ti&t always compute to 1.0 for
the reference region. A region with an industry signindex of less than 1.0 is less
productive than would be expected as normal foregeing activity in that particular
industry; whereas a region with a score of abov® Has above-average strength in
generating a local presence of the respective indusnder certain assumptions, the
indicelsé may be used to suggest differences in dingpetitiveness of the regions under
study.

Industry density indices can be calculated for anmdustry, and may be based
upon any standardized factor that is a reasonablieator of the level of activity of a
particular industry that occurs in multiple locagrons within a larger reference region.
Such standard factors may include employment, nunobefirms, level of revenue,
payroll levels, the financial capital base of eptises, or the size of intellectual property
assets, among other things. A key requirement &dcutating these indices is that
uniform, standardized, data have to be availabl®sacthe local regions of interest.
Employment is typically the most useful, and robusdustry factor to be included in the
calculations for these indices. Appendix 4 providedetailed explanation of industry
density indices.

The data assembled every five years by the U.Ssu3eBureau, as part of its
Economic Census, lend themselves extremely weheocalculation of industry density
indices for industries located in the United States.

Figure 8 plots the biobusiness technology employmaensity indices for
Minnesota and the ten other states. The compestates in 2007, in descending order of
strength in generating biobusiness technology j@e; Massachusetts, New Jersey,
California, Minnesota, Utah, North Carolina and Wagton. From the point of view of
employment generation in biobusiness technologwsirtes, Minnesota is one of the
“‘competitive” states (i.e., it scores an employmdansity index of greater than 1.0).
New York, on the other hand, slipped below the cetitipeness threshold during the
years to 2007.

Minnesota managed to maintain its above-averags tdwcompetitiveness/(s-a-
vis employment density) continuously throughout thecadie following 1997; and
between 2002 and 2007 the state managed to seymiffcimprove its relative position.
Minnesota’s biobusiness technology employment density index increased frénm1.1
2002 to 1.43in 2007.

This improvement in the performance of Minnesoteaithe time of the previous
U.S. Economic Census is encouragiNgt only did Minnesota increase its number of
biobusiness technology jobs during the second hatff the decade, the state also
increased its productivity in generating biobusines technology jobs relative to other
states In short, Minnesota managed to turn around iesvipus downward trend in
biobusiness technology competitiveness into anesgve upward swing.

% In some academic disciplines the particular kifidndustry density index labeled here as an
“employment density index” is known as a “locatiumotient.”
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Figure 9: Enterprise Density Indices, Biobusinesgdhnology Industries—1997, 2002 & 2007
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The significance of this positive turnaround mayblegter appreciated when it is
recognized that during the previous half-decaden{fr1997 to 2002) Minnesota’s
biobusiness technology employment density index actually dropped significantly—in fact
it dropped further than any of the other comparistetes—during a time when the
majority of the eleven states either increased thiebusiness technology employment
density indices or remained steady.

The discouraging picture that emerged after the2 Zébnomic Census led to the
following call being included in the previous simigde assessment report of the
BioBusiness Alliance of Minnesota: “The resultsganeted here ... point to the need for
concerted effort by Minnesotans to improve theedafuture competitiveness in the
biobusiness technology industr{/."The objective economic facts that became available
to us during 2010 suggest that the call was heegdditmesota’s biobusiness leaders.

Figure 9 plots another type of industry densityeixdor biobusiness technology
for the eleven competitor states: an enterprise deimsiex.

As was the case with its productivity in generatibigpbusiness technology
employmentMinnesota also managed to turn around its pasiti®-a-visproductivity in
generating biobusiness technologgterprisesduring the second half of the decade.
Minnesota’s biobusiness technology enterprise density index increased from 0.85 in 2002
to 1.01 in 2007. In other words, it rose—along wittisconsin and North Carolina—to
the cusp of competitiveness in biobusiness teclyyoemtrepreneurship (signaled by an
enterprise density index of 1.0 or thereabouls).short, Minnesota managed to
become more entrepreneurial in biobusiness technology fowing 2002.

Over the whole decade covered by this study Calidlomanaged to maintain a
very high biobusiness technology enterprise density index, in the vicinity oftiud, as
was pointed out in the previous study (conducted fiears ago), California earned its
dominant position in the biobusiness technologylavanth above average performance,
not simply as a result of its large economy and population, as some commerdars
been tempted to aver. Conversely—using the sant difogic—the data summarized
in Figure 9 reveal that New York’s declining abgelgosition in both the employment
ranks (see Figure 5) and the enterprise ranksHiggee 7) for biobusiness technology in
the United States reflects a real decline in thaites overall competitivenesss-a-vis
biobusiness technology, rather than anything tevdlo shifts in the relative size of New
York’'s economy and population compared with varidugh-growth regions of the
United States.

The spectacular performers in biobusiness techgobodrepreneurship over the
second half of the decade, as revealed in Figureefe Massachusetts and Washington,
both of which managed to surpass California as |¢agler vis-a-vis productivity in
generating new biobusiness technology enterpriBesse results, especially when the
strong (although recently weakened) position ofhiUtataken in to account, reveal that
when it comes to entrepreneurship in biobusinedsnt@ogy, the relative size of states
has only marginal relevance, if any, in determining cortipetiess.

" Biobusiness: Minnesota’s Present Position and FeitRrospects Report of the Statewide
Biobusiness Assessment Project of the BioBusinesanskk of Minnesota (St. Louis Park: BioBusiness
Alliance of Minnesota, August 2006), page 21.
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Figure 10A: Percentage Change in Employment Densitdices, 1997-2002, Biobusiness Technology
Industries
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Figure 10B: Percentage Change in Employment Denditglices, 2002-2007, Biobusiness Technology
Industries
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In the previous Minnesota statewide biobusinesssassent it was argued that
Minnesota had sufficient basic strength in biobesstechnology that, if it managed to
develop and implement powerful and sophisticateatesjies in the near future, it might
be able to lift itself from a middling position tone of national prominence in the
industry® The positive results portrayed in Figure 9 (reioéal by the positive results
portrayed in Figure 8) suggest that that progness correct and that Minnesota has
indeed taken appropriate constructive action tatalige on its underlying strength.

An even more evocative way to evaluate the comypetfiosition of a state, in a
particular industry, is to examine changes in ndustry density indices over time,
compared with other states. Figures 10A and 10Bgofor employment density indices
for the eleven states for the five years between 1997 anda2@02gain for the five years
between 2002 and 2007. Figures 10A and 10B takesdn@e data that were used to
calculate the employment density indices in Fig8rebut express each shift as a
percentage change over five years from the basgquosf each state at the beginning of
the respective period.

These two graphs may be useful for helping statddes to identify which states
might be doing “something right” to improve theropetitive position in biobusiness
technology, and which states might be “getting béhin the game.” The states
positioned on the right hand side of each graphmapeoving their game, while the states
positioned on the left hand side of each graph ned to readjust their game plans.

The most impressive feature of the information in lhese Figures is the
dramatic shift in the position of Minnesota, from tat of the “weakest” state to that
of the “strongest” state, in terms of its dynamic popensity for generating
employment through biobusiness technologyDuring the first half of the decade
Minnesota was the state that exhibited the largestine in its competitiveness; but
during the second half of the decade Minnesotastoamed itself into the state that
exhibited the largest increase in its competitigsnén this regard, it was followed very
closely by both Massachusetts and Wisconsin—anskettwo states will obviously be
competitors that Minnesota’s leaders would be wisewatch—but, nevertheless,
Minnesota may be justified in raising its hopeshbzarving out a competitive position
for its biobusiness technology sector during conyiegrs.

5. Medical Devices

The medical devices sector, as shown by Figure 8)& most prominent part of
Minnesota’s biobusiness industry; and its promieernas increased since the last
statewide assessment was conducted. It is therefogortant to look at the
competitiveness of this sector in its own right.

Figure 11 compares Minnesota with ten other U.8testin medical devices
industry employment at three points in time, 198002 and 2007. Minnesota is second
only to California in the number of medical devigebs to which the state is home.
Additionally, while most of the other competitoatgs (including California) lost medical
devices jobs during the second half of the decédentimber of jobs in Minnesota in this

18 Biobusines$2006), page 22.
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Figure 11: Employment, Medical Devices Industry—1B2002 & 2007
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Figure 12: Percentage of Total National Employmeimt Biobusiness Technology Industries—1997,
2002 & 2007
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field actually grew significantly. During that ped, while the nation as a whole lost
more than 11,000 medical devices jobs in the aggeeghe number of people employed

in medical devices enterprises in Minnesota grevousr 4,500 people. This represents a
growth rate in Minnesota of over 20 percent. Thé ather states in our comparison
group of eleven states to have gained medical de\mbs during the same period were
Wisconsin (with an increase of just over 2,800 jobkew Jersey (with an increase of just
over 450 jobs) and lowa (with a barely perceptible increase of less than 60 jobs).
Minnesota appears to have regained its lost groamda leading medical devices
employer, overshadowed now only by California.

Figure 12 takes the same data that were used &iraohFigure 11 but expresses
them as percentages of the national total, rateer s absolute employment numbers.
The “national total” here refers to the total oé twhole of the United States, not just the
total of the eleven comparison states that arefdbes for our analysis. The general
pattern of the results is similar to that which nb@yobserved in Figure 11. This suggests,
among other things, that conclusions we may dramnfthe analysis of Minnesota’s
competitive position within the group of eleven gmarson states included in this study
are broadly indicative of Minnesota’s dynamic positiorhwitthe nation.

Figure 13 contains similar type of information agufe 11, except that it
compares the number of medical devices enterpriseadh of the eleven selected states,
rather than the total number of employed persotfangiwith all other comparison states,
including California, between 2002 and 2007 Minnasexhibited a reduction in the
number of its medical devices enterprises.

As we observed in the case of biobusiness techp@aterprises in general (see
Figure 7), the general trend observable in Figure 13 suggests that nasicioas,f
unrelated to the peculiarities of each state, damresolidation within the medical devices
industry during the period in question. Minnesaetajch was obviously caught up in the
national trend, experienced a contraction of alr@08b in the number of medical devices
enterprises in the state. California, New York, Béahusetts, New Jersey and Ohio, for
example, each experienced a contraction in thergengnge of between 27% and 28
percent. Thus, while Minnesota experienced a cotitra in its medical devices
enterprise population from 2002 to 2007, the staémaged to resist the national trend
towards consolidation better than did its significant petitor states.

Once again, it is also important to recall thatilevthe number of medical devices
enterprises dropped, the total number of peoplel@mad in medical devices firms in
Minnesota actually increased. Thus, the net effect i{dhleae was no economic loss from
the consolidation.

The average size of medical devices enterprisbiinnesota increased during the
half-decade following 2002 from 50 people to ovBrpéople per firm (a 51% increase).
During the same period the average size of mediesices enterprises in California
increased from 29 people to 38 people per firm (a 29% increase). The comparable
increase for the biobusiness technology industrg a#ole, across the United States (all
50 states), was from 23 people to 30 people per fa 28% increase). These numbers
suggest that medical devices firms in Minnesotal tenbe more mature than is typically
the case for those firms in most of the states witich Minnesota competes; and that
during the second half of the decade the relatiaturity of medical devices firms in
Minnesota actually increased.
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Figure 13:

Enterprises, Medical Devices Industry—a8, 2002 & 2007
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The competitor states with the smallest average §ize in 2007 were lowa (15
people per firm), Washington (20 people per firtdprth Carolina (21 people per firm)
and New York (22 people per firm). While this fe&tumight be interpreted as a
weakness (i.e., lack of maturity in the face ofend#e national and international
competition) it might also be interpreted as a ptié source of strength (i.e., a sign of
an entrepreneurial business structure, enablingbflédy and innovation in response to
competitive pressures). Of these four states, Wigstm and North Carolina exhibited
the lowest growth in mean firm size after 2002, gagging that these two states are
especially attractive for small “entrepreneurial’lstfirms in the medical devices sector.
Nevertheless, as both of these states lost medmates employment from 2002 to
2007—in contrast with Minnesota, which enjoyed anfartable gain in employment
during that period—it seems unlikely that eithextstwould be a significant competitive
threat to Minnesota through entrepreneurship inntleelical devices sector in the near
future. Washington and North Carolina do not appeahave been able to translate
entrepreneurial vigor in to aggregate employment growth in the medicakdendustry.

Even New York, which is home to more than double tlumber of medical
devices firms of Minnesota, lost ground during seeond half of the decade in both the
number of employees and the number of enterpmsései sector. Given that the average
size of medical devices firms in New York grew B422 during the same period, it does
not appear that New York is currently succeedingeienergizing its medical devices
industry through entrepreneurship—despite the ttzat the state did exhibit some signs
of entrepreneurial renewal during the late 199C#h&, it appears that New York has
continued to undergo a wave of consolidation, @mtion and maturation in the medical
devices sector and should probably not be seen gwing competitive threat to
Minnesota in the near future. When trends in batipleyment levels and enterprise
populations are taken in to account, it appearsthiigamost serious competitive threats to
Minnesota in the medical devices industry in theegeeable future will come from
Massachusetts and New Jersey—in addition, of cotogbe ongoing robust competition
from California.

The fact that California has many more medical devijobs and firms than
Minnesota, and that a number of other states hapelations of medical devices firms
larger than Minnesota’s (and also have medicalageeimployment levels beginning to
approach that of Minnesota) is not in itself a eafts concern. These states have larger
populations than Minnesota. California’s populatian particular, is an order of
magnitude larger than that of Minnesota so, with all things being egealowld expect
those states to generate larger industries thamédwta. Figure 14 was produced to put
these factors in to perspective, by expressing statle’s medical devices employment
position as an employment density index rather tissamaabsolute number of jobs.

According to Figure 14, Minnesota, Utah, Massachusetts, California, Wisconsin,
New Jersey and Washington are “competitive.” Thénmaessage to be extracted from
the results in Figure 14, however, is tiMinnesota is the most competitive of the
eleven states in generating employment in the medilcdevices industry With an
employment density index for medical devices of 8l&nesota’s competitiveness (i.e.,
its productivity in generating employment in thedwwal devices industry, taking in to
account the relative size of Minnesota’s econorhg, dize of the national economy and
the aggregate size of the medical devices indtistoughout the nation) is roughly
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Figure 14: Employment Density Indices, Medical Dees Industry—1997, 2002 & 2007
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Figure 15: Enterprise Density Indices, Medical Deds Industry—1997, 2002 & 2007
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double that of California; and its lead over Caliiia increased during the second half of
the decade.

Figure 14 also reveals that the two states sugdjdsteFigure 13 as the most
likely serious competitive threats to Minnesotatlie medical devices industry in the
foreseeable future—Massachusetts and New Jerseg—aaisl not surprisingly, exhibit
unusually high employment density indices. The agadshments of these two states in
regards to medical devices appear to derive frair tinderlying competitiveness in the
industry rather than from any relative advantagesoeaiated with the overall size of their
economies. New Jersey in particular is an intargstitate to watch: its employment
density index for the medical devices industry lcastinued to rise throughout the
decade. Massachusetts, on the other hand, whilmlgcimore competitive than New
Jersey and highly competitive at a national levetgsured according to its respective
employment density index), has remained somewbkatgt(in both its employment level
and its employment density index).

Utah appears to be the outlier here. Utah is tlersk most competitive state
(with Minnesota being first), according to its emyohent density index. In principle this
might make Utah a plausible rival to Minnesota.2B02 Utah’s employment density
index for medical devices was actually significantly higher than that of Minnesota,
lending real credibility to the notion that Utahghi become a serious competitor to
Minnesota. However, the fact that Utah’s medicalickess employment level has failed to
increase above its 1997 base, and that Utah’s emmglot density index fell after 1997
and then again after 2002, suggests that Minnesotahpetitive advantage over Utah in
medical devices employment is sustainable.

Figure 15 plots the enterprise density indicestlier medical devices industry in
Minnesota and each of its ten selected competittes This index is calculated in the
same way as the index plotted in Figure 14 exdwitthe base variable is the number of
medical devices enterprises rather than the nuwfomedical devices employees. Figure
15 shows that, in descending order of efficiencgrigating medical devices firms (given
the relative sizes of their respective economidddah, Washington, Minnesota,
Massachusetts, Wisconsin, California and New Jeaseyhe “competitive” states—with
Ohio remaining stable, just below the cusp.

Minnesota is one of several states whose competgosition improved during
the second half of the decade. This is a goodfsigMinnesota because it indicates that
not only did the state expand its medical devioegistry following 2002, to regain the
number two position behind California (Figure 1apd not only did it improve its
relative efficiency in generating medical devicebg (Figureld), it also enhanced its
relative prowess as a location for entrepreneurshipnedical devicesMinnesota
appears to be strengthening in regards to both its overall growth and maturity in
the medical devices industry and its vitality in ceating new enterprises This is an
encouraging change in direction from the pre-2002 sitaatio

Nevertheless, these encouraging developments imeédota’s medical devices
industry provide no grounds for complacency. Massaetts has also improved its
entrepreneurial effectiveness in medical devicésden 2002 and 2007 and New Jersey,
while showing no post-2002 increase in its entegpdensity index, remained stable in its
above-average competiveness in generating new alatbeices firms. Washington and
Wisconsin both also exhibited appreciable improvaisé their enterprise density
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Figure 16A: Percentage Change in Employment Dagdndices, 1997-2002, Medical Devices Industry
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Figure 16B: Percentage Change in Employment Dagdndices, 2002-2007, Medical Devices Industry
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indices during the second half of the decade. okl of these two states are homes to

a significantly smaller number of medical devicebg than Minnesota, they are both
credible competitors to Minnesota as congenial torwe new medical technology
enterprises, and the improved relative positionthese states during recent years means
that they should not be ignored. Figure 15, whéenaogether with Figures 11, 12, 13
and 14, reveals that—over and above the ever-present shadow of California—
Massachusetts, New Jersey, Washington and Wiscamsiiplausible competitors with
Minnesota in medical devices entrepreneurship. Desps recent doldrums in the
creation of medical devices jobs and firms, Utaheagertheless still in the game.

As an aid to mapping shifts in the relative prowek®ach state in addressing
challenges in their respective local medical devioglustries over time, Figures 16A and
16B plot changes in the employment density indickshe eleven competitor states
during the first half of the decade and again duthre second half of the decade leading
up to the date of the most recent U.S. Economics@enFigures 16A and 16B take the
same data that were used to calculate the empldydessity indices in Figure 14 but
express each change as a percentage change awereivs from the base position of
each state at the beginning of the respective period.

The two high performers during the second half lbé tdecade-vis-a-vis
improving their game in generating employment ie thedical devices industry—are
Wisconsin and Minnesota. For both of these stdtesr accomplishment represents a
dramatic turnaround from their performance duridg ftfirst half of the decade.
Massachusetts, although more modest in the relaoade of its accomplishments,
nevertheless also achieved a turnaround from teeHalf of the decade to the second.
New Jersey and lowa both maintained their stronfppeance throughout the decade.

In summary, overall, since 2002, Minnesota hasy&gan encouraging positive
turnaround in its competitive position in the medidevices industry. By the end of the
decade it was second only to California in the neimiit medical devices jobs and it
moved in to the top position (above Californiajtenms of its productivity as a state in
generating medical devices employment, taking ira¢oount the relative size of its
economy and the state of the industry and the géremonomy nationwide. Despite
significant (and improving) competition from a number of otk&ates, Minnesota
managed to regain and build upon its competitiveitpm in the medical devices
industry.

6. R&D in the Life Sciences

“R&D in the life sciences” is the overarching lalehployed here for research
and development in biotechnology and research amdldpment in other biology-related
fields. During the last three decades a new seatdafstries in this domain, based around
new knowledge and new techniques emanating from the life sciences, have captured the
attention of investors, policy makers, entrepreneurs, community development
professionals and the public at large. The dateorte@ here cover only business
organizations in this domain, and exclude life sciences researcvenngnent institutes,
universities and various other not-for-profit acadearganizations. Figure 17, using data
taken from the U.S. Economic Census, graphs emmaynevels in this new industry
across the same eleven states and the same tliméeipdime that were reviewed above




Biobusiness 2010: Minnesota’s Competitive Position

in the Biobusiness Technology Industries

Figure 17:

Employment, R&D in the Life Sciences—1B92002 & 2007
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Figure 18: Percentage of Total National Employmem&D in the Life Sciences—1997, 2002 & 2007
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for the medical devices industry. Figure 18 takes same data that were used to
construct Figure 17 but expresses them as perantdghe national total (i.e., the total
for the United States as a whole, not just thd fotathe eleven comparison states), rather
than as absolute employment numbers.

In contrast with its historical leadership role in the medical devicessing
Minnesota is not a leading employer in the newsideences R&D industries. At the end
of 2007, as was the case during 2002, only lowa and Utah atimemdeven comparison
states exhibited smaller absolute employment letrela Minnesota in R&D in the life
sciences. By the end of 2007, as shown by Figuréirthesota’s share of total national
employment in the life sciences R&D industries helertheless improved slightly,
while Utah’s remained stable and lowa’s slipped.

California, as we have seen with both medical devices atdifiness technology
in general, remains the overwhelming leader in-difeences R&D employment.
Nevertheless, California failed to maintain thensing growth it exhibited during the
first half of the decade. During the second halftltd decade California lost almost
12,000 jobs in this area and reduced its share of national employmerz%dl 20.7
percent.

The big story to be gleaned from the data in thesefigures is the impressive, if
not dramatic, rise of both Massachusetts and NGdlolina. At the end of 2002 life
sciences R&D employment in North Carolina was 23%4hat of California, but five
years later it had risen to 36% of the level of teading state. Employment in life
sciences R&D in Massachusetts rose during the semeeperiod from 31% to 55% of
the level of employment in life sciences R&D in iBahia. There appears to be some
significant inter-state realignment going on in thated States in the area of commercial
life sciences R&D.

The report of the results of Minnesota’s previoustewide biobusiness
assessment (conducted five years ago) containefbitbe/ing observation: “Minnesota
is growing more slowly than the nation as a whale'R&D in the life sciences’
employment.*® At that time the Unites States as a whole hadyeqj@ growth of 149%
in life sciences R&D employment during the previtadf-decade whereas Minnesota’s
employment in the field had grown by only 52 petc&mnce then, however, the situation
has changed. During the half-decade following tfeijpus Economic Census, total life
sciences R&D employment in the United States drdgpeabout 19% and many states
experienced painful drops much larger than tha.,(é&New York experienced a 77%
reduction). California experienced a reduction of 23 percent, followingrégous rise
of 134 percent. Minnesota managed to contain dsiaton after 2002 to 8% only. In
other words, Minnesota reversed its situation flmemng significantly below the national
average prior to 2002, to being significantly abtve national average after 200%-a-
vis employment growth in life sciences R&D.

It is also important to examine the relative position of states in generating new life
sciences R&Dcompaniesin addition to totaemploymenrt-in other words, to analyze
the relative entrepreneurial propensities of ttagest in this particular field of industry.
Figure 19 was produced for this purpose. Figuree¥®als that Minnesota fairs slightly

9 Biobusines$2006), page 32.
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Figure 19: Enterprises, R&D in the Life Sciences—39, 2002 & 2007
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better in the generation of life sciences R&D gmtises than it does in the generation of
employment in that field. However, it is still fairly low omet list of competitor states.

Nevertheless, Figure 19 reveals that Minnesotacbatnued to improve. During
the second half of the decade the United States as a wholeeegpd a net loss of 7% of
life sciences R&D enterprises, whereas Minnesotaaged to achieve a net gain of 33
percent. In fact, Minnesota was one of only thréghe eleven comparison states to
experience a net gain in the number of life scisriR&D firms after 2002. The other two,
Massachusetts and North Carolina, both grew neergmnses at less than half the rate of
Minnesota. While the absolute scale of life scieneatrepreneurship in Massachusetts
(52 new firms, net) was greater than that of Mimt@g40 new firms, net), Minnesota’'s
rate of entrepreneurship in the field was the hétjhe

We should not exaggerate the relative strength winbkota in generating life
sciences R&D firms. After all, the state still lalgshind New York, North Carolina and
New Jersey in the number of its life sciences Ré&Dné$; and of course it lags
significantly behind both Massachusetts and Califoiin this regard. In terms of life
sciences R&D employment, we should remember thainkBota is an even smaller
player than Wisconsin. Nevertheless, despite baingnor player in the field, Minnesota
has revealed its resilience as a location for preresurship in life sciences R&D. For
example, by the end of the decade Minnesota washomlmost as many life sciences
R&D firms as the state of Washington ... a place thatorld renowned for this industry.

Figure 20 and 21 enable us to weight the results from Figures 17 anthke to
to account the relative sizes of each of the elestatesvis-a-viseach other's economies
and the national economy together with the sizethef life sciences R&D industry
nationwide. Figures 20 plots employment densitydesl and Figure 21 plots enterprise
density indices for all eleven states for R&D ie tle sciences.

The “competitive” states in the generation of empiewnt in life sciences R&D,
according to Figure 20, in descending order aresddahusetts, North Carolina, New
Jersey, California and Washington. We could sajgrimally, that these five states
exhibit high “entrepreneurship quotients” for lisziences R&D. Minnesota, with an
employment density index of just 0.39, is nearlitb#gom of the list. Massachusetts (with
an employment density index of 4.56) leads the fycl long margin in its productivity
in generating new employment in life sciences R&gure 20 also reveals that the
recent dramatic growth of both Massachusetts andhNodarolina as locations for life
sciences R&D employment (see Figure 17) stems mowh fthe relative size of their
populations or economies but from their underlydognpetitiveness in the field.

Massachusetts, according to Figure 21, also |depdck by a long margin in its
productivity in generating life sciences R&D ent@sps (i.e., in what most commentators
would call “biotech entrepreneurship”). Even thoggdifornia was home to almost three
times as many life sciences R&D enterprises ateahd of 2008 as Massachusetts,
Massachusetts’ enterprise density index for this field (at 3.64) was moreadiiale that
of California (at 1.80). Thus, Massachusetts isificantly stronger than California in
life sciences R&D entrepreneurship, despite havangnuch smaller population and
economy.
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Figure 20: Employment Density Indices, R&D in thefe Sciences—1997, 2002 & 2007
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Figure 21: Enterprise Density Indices, R&D in theile Sciences—1997, 2002 & 2007
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Figure 21 also contains some especially interestifigrmation for Minnesota.
Minnesota has remained “competitive” as a placeefuirepreneurship in life sciences
R&D (i.e., its enterprise density index has remained above 1.0) throughquretheus
decade; but it has also improved its performancesiderably during the second half of
the decade. By the end of 2007 Minnesota had ssedallorth Carolina, Washington
and Utah, reversing the situation of the previoesiqul during which its enterprise
density index was lower than the indices of thdsed states. Minnesota’s relatively
strong enterprise density index (at 1.55) suggests while it will most likely never
become a major national player in the life scienB&D industry, the industry will
continue to play a positive role in the state and, more likely tiednwill grow during
coming years.

As we saw in the case of the medical devices imgusind the biobusiness
technology industries in general, changes in thellef a state’s industry density indices
over time may provide a very powerful tool for diféntiating between states that are
“doing something right” versus those that may bederplaying their game,” but unable
to see that that is the case due to their relgtisttbng aggregate performance in the short
term. Careful analysis of these indicators can igewa kind of early warning system of
either impending “sleeper” problems or even of yested future success, as the case
may be. Figure 22A and Figure 22B were designqulap that role for the life sciences
R&D industry.

The most impressive insight that may be drawn fFagures 22A and 22B is that
Minnesota shifted from the position of being theakest performer of the eleven states
during the first half of the decade to being amtmgtop three by the second half of the
decade. Minnesota has apparently been doing sametight during recent years, not
just in the medical devices area, but also in teress of life sciences R&D.

Massachusetts and Wisconsin are the two outstarsdiatgs in terms of dynamic
performance, with each exhibiting an upward swih@lmout 23% in their employment
density indices during the second half of the dectmt R&D in the life sciences.
Massachusetts moved from neutral to positive dutivag period, signaling that state’s
improvement upon its already strong base. Wiscongimed from negative to positive,
signaling that it will be a state to watch in comiyears. While North Carolina’s upward
swing was only about 6% compared with its earlipward swing of about 26% we
should not conclude that its position has weakened. To the contrary, itsosithas
continued to improve, as demonstrated by its growtioth employment (Figure 17) and
enterprises (Figure 19) in life sciences R&D aft602. Rather, the big change here is
that Massachusetts, Wisconsin and Minnesota have all lifted their game, thereby
signaling greater competition for North Carolina irufat years.
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Figure 22A: Percentage Change in Employment Dagdndices, 1997-2002, R&D in the Life Sciences
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Figure 22B: Percentage Change in Employment Dagdndices, 2002-2007, R&D in the Life Sciences
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7. Agri-bio and Bio-industrial Technology

Agri-bio and bio-industrial technology is technojodirected primarily towards
applications in biological systems exterior the lambody.lt may incorporate technical
means from any field of technology, including bateology, but it must be directed
towards applications in living systems or biologyated contexts. Agri-bio technology
may also be thought of as “green biobusiness tdagypbd(focused on the application of
biological technology in the field of plants andiaglture) and bio-industrial technology
may be thought of as “white biobusiness technology” (focused on theatmpl of
biological technology in industrial fields such bf-materials, bio-processing, bio-
energy, bio-based chemicals, food ingredients, and biedttion).

There is no standard industrial classification fimis general domain of
biobusiness so, as explained earlier, the following NAICS categories inra@imob have
been selected as rough proxies for agri-bio anenalostrial technology: ethyl alcohol
manufacturing (NAICS 325193), cellulose organiefimmanufacturing (NAICS 325221),
wet corn milling (NAICS 311221), soybean processiNAICS 311222), other oilseed
processing (NAICS 311223), breweries (NAICS 3124yl wineries (NAICS 31213).
These are all manufacturing categories, rather R&D categories, even though many of
the manufacturing enterprises captured under these NAICS codes may in fact also engage
in R&D activities. Agri-bio and bio-industrial tenblogy firms that focus on R&D
activities have not been excluded from this study; rather, they have been included withi
the general category of R&D in the life sciencedgher than as part of the agri-bio and
bio-industrial technology category.is also important to recognize that in this repthe
term “agri-bio and bio-industrial technology” doesot include most activities that
conventionally belong to agriculture and the food industifhese are addressed
separately under the category “bio production and processing industries” in Appendix 5.

The reliability of the data published on agri-bindabio-industrial technology as
part of the U.S. Economic Census tends not to beéiigs as for other fields of
biobusiness technology, such as medical devices.pfimary reason for this is that in
cases when there are few facilities within a palicNAICS category within a particular
region, the U.S. Census Bureau withholds the dateas to ensure anonymity for
individual enterprises. For example, the Census Bur@entified no enterprises within
Utah under the relevant NAICS classifications at ahthe three pertinent points in time
whereas, in fact, Utah is well known to have bdentiome of at least several breweries
and wineries throughout the decade in question.teropossible reason may be that
production activities associated with, for examg@leaerobic digestion, may occur as a
secondary business in the food sector and woulddaged under the umbrella of grain
milling; and thus might not be clearly visible undle “industry microscope” of federal
government statisticians. The results presented below, for agri-bio anddbstrial
technology, must therefore be treated with caution.

Nevertheless, the weaknesses in the official dapear primarily in the states that,
in any case, contain very small numbers of enterprises engaged primarily in business
within the relevant NAICS classifications; thuse thmission of a small number of firms
from the data set will have only marginal impacttted aggregate level (for all eleven
states and for the nation as a whole) and virtually no impact on thetbtttase homes
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Figure 23:  Employment, Agri-bio & Bio-industrial lmustries—1997, 2002 & 2007
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Figure 24: Percentage of Total National Employmeint Agri-bio & Bio-industrial Industries—1997,
2002 & 2007
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to substantial numbers of agri-bio and bio-industrial technology firms. The data may
therefore still be used as a rough guide as temiffces between strong, medium and
weak states—the main problem being that a “zerofeséor a couple of states should be
interpreted to mean “very small” rather than “nosiseent.” There appears to be only two
states for which a serious problem of this kinénsountered: Utah (for 1997, 2002 and
2007; for employment and enterprises) and Massachusetts (for employment only for
2007). Once again, for these reasons, the resulist rhe treated with caution.
Notwithstanding these caveats, the data appearetsufficiently robust to warrant
proceeding with the calculations to paint a rougliype of the agri-bio and bio-industrial
technology sector for our eleven comparison states.

Figures 23 and 24 show that, as with other fielti®iobusiness technology,
California enterprises are also the dominant enmgoyn the agri-bio and bio-industrial
technology industries. Additionally, the role of Californiatlas dominant player in agri-
bio and bio-industrial technology employment isresasing significantly over time,
despite competition from other states. These obsens hold true for both absolute
employment numbers and for nationwide percenta@edifornia’s share of national
employment in the agri-bio and bio-industrial teglogy industries increased from 24%
to 37% over the decade covered by the graphs.phatiations of California’s dominant
position need to be tempered by recognizing théb &7 its agri-bio and bio-industrial
technology employment is accounted for by wineaad 94% of its enterprises in the
sector are wineries. At the same time we need tograze that the “imbalance” of
California towards wine making does not mean fon@ment that it is not an important
player in the other industries within the sectot.tie end of the decade California was
home to over 3,600 jobs in the other fields of 4w and bio-industrial technology,
surpassed only by lowa in this respect; while theler of enterprises in California in
the “non-winery” industries of the sector was rolygtdouble that of Minnesota and
almost as large as that of lowa. A conclusion wg draw from this is that a state being
heavily biased towards one particular sub-domain of the agri-bio and bio-industrial
technology industries does not preclude it frono dsing successful and prominent in
other sub-domains agri-bio and bio-industrial technplogustries.

Figure 23 contains good news for Minnesota. During second half of the
decade total employment in the state in the agridand bio-industrial technology
industries increased by over 44% to over eleverdieth people, returning close to its
level at the beginning of the decade; and, as Ei@4r shows, the state’s share of total
national employment in the sector also rose. Lik&f@nia, Minnesota’s employment in
the agri-bio and bio-industrial technology industriis somewhat “imbalanced,” with
more than half accounted for ethanol producing enterprises (which, themselves account
for more than half of the state’s enterprises ia fector); and presumably also like
California, that bias can be leveraged to the atgpgnof other sub-domains in the sector
or, at a very minimum, does not need to be seendisadvantage.

Figure 25 profiles the distribution of agri-bio and bio-industrial techgylo
enterprises (i.e., reflecting the number of proaurctacilities rather than people) across
the eleven competitor states reviewed here. Asti@asase with employment, California
dominates the field as a location for agri-bio dno-industrial technology enterprises
and that state’s lead appears to be increasing rapidly. For example, during the five years
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Figure 25:  Enterprises, Agri-bio & Bio-industrial hdustries—1997, 2002 & 2007
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following 2002 California added almost three times as many agri-bio and bio-industrial
technology enterprises to its economy than the maber of agri-bio and bio-industrial
technology enterprises located in the next most premt state, Washington, at the
beginning of that period. Minnesota increased itslner of agri-bio and bio-industrial
technology enterprises during the period—by almé8b2-but remained a modest player
on a national scale.

Given the unusually prominent role played by ethanol production in Minnesota’s
agri-bio and bio-industrial technology industriésnay be worth taking a closer look at
the development of that industry over the decadpuastion. The salient numbers, which
are all taken from the Economic Censuses condumnyettie U.S. Bureau of the Census
(from 1997, 2002 and 2007), are indicated in the tabteabe

Ethyl Alcohol Manufacturing, Minnesota, 1997 to 2007

Year Number of Number of Total Revenue
Enterprises Employees

1997 7 135 $94.3 million

2002 11 331 $0.34 billion

2007 17 666 $1.40 billion

Among other things, these data reveal that thetagivole played by ethanol production
within Minnesota’s agri-bio and bio-industrial texiogy industries is not only a key
characteristic of this biobusiness technology seictdhe state but it has been becoming
an increasingly prominent characteristic over tim.the beginning of the decade,
roughly 10% of Minnesota’s employment in the aga-Bnd bio-industrial technology
industries was accounted for by ethanol producimgerprises (which themselves
accounted for about 25% of the state’s enterprisethe sector). By the end of the
decade, the proportion of total employment in Msota’s agri-bio and bio-industrial
technology industries accounted for by ethanol peaty enterprises had risen to about
59% (and those enterprises themselves accountedbdéut 55% of the state’s enterprises
in the sector)Ethanol appears to be the “fuel” that is powering grovithMinnesota’s
agri-bio and bio-industrial technology industries!

The industry density indices for agri-bio and hichistrial technology plotted in
Figure 26 and Figure 27 reveal that California’sndmant position as a location for agri-
bio and bio-industrial technology enterprises aalsjstems not just from its huge
economy but also from its underlying competitivenesCalifornia scored high
employment density indices and high enterpriseitdeimglices throughout the decade.

When enterprise density indices are taken in t@@a lowa, Washington and
Wisconsin emerge as increasingly successful lagatfor entrepreneurship in agri-bio
and bio-industrial technology. All three achievedgressively higher agri-bio and bio-
industrial technology enterprise density indicedhes decade proceeded, with lowa, in
particular, also managing to translate this inigmiicant employment growth.
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Figure 26: Employment Density Indices, Agri-bio &iB-industrial Industries—1997, 2002 & 2007
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Figure 27:  Enterprise Density Indices, Agri-bio & iB-industrial Industries—1997, 2002 & 2007
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The density indices reveal that Minnesota managgaetform better during the
second half of the decade as a location for empéoyrgrowth than it did as a location
for entrepreneurship in agri-bio and bio-industrial technology, suggesting that the state
has been focusing primarily on sustained investmimt local business growth
(predominantly, as we can see from the number in the foregoing table, in the area of
ethanol production) rather than on experimentatigth new business in this field.
Nevertheless, as Figure 25 confirms, Minnesota did enjoy net growth muthker of
agri-bio and bio-industrial technology enterprisesbiled locally from 2002 to 2007.

Minnesota’s industry density indices—which sit belavhat one would expect,
taking in to account the size of Minnesota’s popataand economy—suggest that,
despite the encouraging growth in employment emdyge the state, Minnesota has not
yet built the underlying foundation for sustaineddl employment development in the
agri-bio and bio-industrial technology industries overall. The agridnid bio-industrial
technology industries represent an area where Motaeneeds to engage in some serious
strategic analysis. While the recent performancéhefstate in this area is positive, not
negative, the modest absolute scale of the growthpared with the growth that was
enjoyed by some of the other states suggests tiaidgiota may need to redouble its
efforts. This may, for example, include identifying niche (such as emerging
technologies in ethanol production) where the stadg have a chance to set the agenda
in the nation.

It is not immediately obvious what the causes mightor the state’s comfortable
yet less-than-stellar competitive position in dgo- and bio-industrial technology
employment, vis-a-vis other states. However, a plausible explanation—besides just
lackluster performance—may lie with the businesmicsire and strategy of some
Minnesota firms who may spread their activitiesoasrthe boundaries of multiple states.
It is possible that some enterprises located innésota have chosen to invest heavily in
production facilities located in other states whére local conditions may be more
suitable for the particular industries in questidhere is some anecdotal evidence for this
interpretation in the fact that the revenue-denrsitiex for agri-bio and bio-industrial
technology industries in Minnesota for 2007 was32whereas the employment-density-
index was only 0.68. In other words, by the end2007 Minnesota enterprises were
earning significantly more than double the revethag one would expect, but employing
only two-thirds the number of people that one woelghect—associated with agri-bio
and bio-industrial enterprises—given the size ef Mhinnesota economy compared with
the national economy, and given the size of the-lagrand bio-industrial industries
nationwide.

If this explanation is correct then the situatioaynbe better for Minnesota than it
first appears: its looks as if a higher-than-expected income from agri-blicbian
industrial technology investments outside the staty be getting repatriated to the
benefit of Minnesotans in the form of corporateoime, rather than in the form of local
salaries or jobs.
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8. Pharmaceuticals

Figure 28 plots employment levels in the pharmacel#t industry across the
same eleven states and the same three points éentliat have been the focus for all
sectors of the biobusiness technology industrias ltave been reviewed as part of this
study. Figure 29 takes the same data that weretosashstruct Figure 28 but expresses
them as percentages of the national total (i.e.takal for the United States as a whole,
not just the total for the eleven comparison stategher than as absolute employment
numbers.

“Pharmaceuticals” in this context refers to theibess of enterprises engaged in
manufacturing pharmaceuticals, not just researchdavelopment. The formal NAICS
definition for this industry category is: “estalblments primarily engaged in one or more
of the following: (1) manufacturing biological amdedicinal products; (2) processing
(i.e., grading, grinding, and milling) botanicaluds and herbs; (3) isolating active
medicinal principals from botanical drugs and hertend (4) manufacturing
pharmaceutical products intended for internal axtdraal consumption in such forms as
ampoules, tablets, capsules, vials, ointments, posygolutions, and suspensions.” Firms
devoted to pharmaceuticals research, in contrase been included within this Report
within the “R&D in the life sciences” category.

Figures 28 and 29 reveal that the top pharmacdsiteraployers, in descending
order (ranked by either raw employment numbersyqudscentages), are California, New
Jersey, New York and North Carolina. Californiaad over other states, as we have also
found to be the case in all other sectors of the biomedical technatoggtiy, is
substantial. The Figures also reveal that the fogmice of Massachusetts as a player in
the pharmaceuticals industry is growing. Presumatiig underlying competitiveness
(see Figures 20 and 21) and rising prominence (Eeeres 17, 18 & 19) of
Massachusetts in research and development inféhediences has played a role in that
state’s rising fortunes in pharmaceuticals manufaag.

Figure 28 shows that, while Minnesota is a reldiveinor player in the U.S.
pharmaceuticals industry, the scale of the industriylinnesota is growing. During the
second half of the decade covered by the datal, pbi@rmaceuticals employment in
Minnesota grew by 76 percent (see Figure 28) aral dtate’s share of national
pharmaceuticals employment increased from 0.8%4% 1see Figure 29). Minnesota’s
percentage growth in pharmaceuticals employmentiwéact the highest of the eleven
states, although it was trailed closely by Washingat 74%) and by Ohio (at 67%). The
growth in pharmaceuticals employment for the natiesra whole during that period was
less than one percent, and some states—e.g., Neay,J&lew York, Utah and lowa—
actually lost jobs. Minnesota’s employment growtihhis sector—modest though it is in
terms of absolute numbers—should therefore becieaith some respect.

Figure 30 reveals that the majority of the elevéates (the exception being
Washington) underwent a reduction in the numbdpcdlly domiciled pharmaceuticals
enterprises between 2002 and 2007. This was innlitrethe national trend. The United
States as a whole experienced a contraction of taBO&o in its population of
pharmaceuticals companies during that time perid¢hile (unlike Washington)
Minnesota was not immune to the national trendstiae of the reduction, at about 24%,
was lower than the national norm.
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Figure 28: Employment, Pharmaceuticals Industry—1892002 & 2007
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Figure 29: Percentage of Total National Employmeintthe Pharmaceuticals Industry—1997, 2002 &
2007
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Figure 30: Enterprises, Pharmaceuticals Industry—a9, 2002 & 2007
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Given that Minnesota actually increased its phasuticals employment during
the period in question, the contraction in the nemdf enterprises in the state should be
interpreted as a form of industry consolidation amdturation leading to overall
economic growth rather than economic loss. Eanfighis report we saw that a similar
phenomenon emerged during the same period for the stadeisal devices industry.

Between 2002 and 2007 the average size of phariieasuenterprises in
Minnesota increased from 33 people per firm to €oépbe per firm, representing an
upward shift of 132 percent. The average increasepharmaceuticals firm size
throughout the United States during the same pewiasl 44 percent. Thus, Minnesota’s
pattern of development for its pharmaceuticals stiguduring the second half of the
decade—emphasizing internal employment growth gmoexisting firms—was more
pronounced than elsewhere in the country.

Figures 31 and 32 plot the pharmaceuticals indunsity indices for Minnesota
and the ten other competitor states. The first asien that arises from these two
Figures is that New Jersey stands out as an edtrewily competitive state in the
generation of employment in pharmaceuticals, takmgp account the size of the New
Jersey economyis-a-vis the national economy and the size of the pharnimeds
industry nationwide. The enterprise density indiedso reveal that New Jersey has
achieved its relatively strong position as a phaenéicals employer not simply as a
result of that state being the home to a numbeweli-established multi-national
pharmaceutical corporations but also due to itshhigvel of entrepreneurship in
pharmaceuticals. New Jersey’s enterprise dendigxifior pharmaceuticals (at 2.7) is the
highest among the eleven competitor states andnasased incrementally throughout
the decade since 2002. It is worth noting that plheductivity of Massachusetts in
generating both jobs and enterprises in pharma@sithas also been increasing rather
impressively during the decade.

During the second half of the decade Minnesotaesg®ed its productivity in
generating both employment and enterprises in the phatmeals industry; and, with an
enterprise density index of 1.23 at the end ofdaeade, Minnesota’s performance in
pharmaceutical entrepreneurship was greater tham evie would expect, all other things
being equal.

Overall, Minnesota performs relatively more strgngih pharmaceuticals
entrepreneurship than it does in generating growmttpharmaceuticals employment.
Nevertheless, having said that, the state’s pedaoa in the generation of new jobs in
pharmaceuticals in recent years is very encouraghgillustrated by the results in
Figures 33A and 33B, Minnesota managed to achiewraanatic turnaround from
declining employment density indices during thetfinalf of the decade to attaining the
strongest positive increase of all eleven compestates in employment density during
the second half of the decade. In other words, BBota performed above the expected
level in generating pharmaceuticals employment goeater degree than any of the other
competitor states (although, both Ohio and Wasbmdllowed close behind)—that is,
it was the “best improved.” In summary, while Mino&sis far from being a dominant
player in the U.S. pharmaceuticals industry andevbiher states such as Massachusetts
and North Carolina appear to be maintaining sigaiit leads over Minnesota,
Minnesota’s pharmaceuticals industry is playing @nificant, and apparently
increasingly important, role in the state’s biobesmtechnology sector.
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Figure 31: Employment Density Indices, Pharmaceuals Industry—1997, 2002 & 2007
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Figure 32: Enterprise Density Indices, Pharmaceuis Industry—1997, 2002 & 2007
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Figure 33A: Percentage Change in Employment Dagdndices, 1997-2002, Pharmaceuticals Industry

Figure 33B: Percentage Change in Employment Dagdndices, 2002-2007, Pharmaceuticals Industry
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The convergence between the various fields of im@ss technology that was
recognized during the first statewide biobusinessessment may partly explain why
Minnesota has raised its game in the pharmacesitssaitor, despite strong competition
from other states; and it may also provide a peigaajustification for Minnesota
continuing to invest in this area, despite the dominant position it occupies
nationwide.

9. Summary and Conclusions

The results of the most recent U.S. Economic Cetisaiswere released during
2010 contain good news for Minnesofduring the half-decade following 2002 the
biobusiness technology economy of Minnesota, ovelralgrew significantly and
improved its competitive position in most respectsin short, the state of Minnesota
managed to achieve a substantial turnaround insthiis and competitiveness of its
biobusiness technology economy. That this turnadowas accomplished is especially
encouraging in view of the fact that during the preceding half-detteddiobusiness
technology industries in Minnesota had in many eetpactually lost ground.

The first statewide assessment report of the Bioiggs Alliance of Minnesota
ended with the following conclusion, regarding thebusiness technology industries of
Minnesota:“... the biobusiness “train” has not yet left the 8tm. However, we have
discovered through our investigations that—metaadly speaking—other states and
other communities are busy investing in their owabbsiness “railway” systems,
complete with tracks, stations, rights of way, new types of locomotives and new ralil
support services. Minnesota needs to plan and img@h its next-generation
“biobusiness rail system” with renewed vigor andyancy ... and in a manner that truly
reflects the distinctive technological capabilitiesthe state. The dynamism, uniqueness
and recently renewed growth of the employment amgnbss activity in our state’s
biobusiness sector provides solid grounds for hibja¢ the necessary steps can be taken
to sustain Minnesota as a first-tier global player in the biobusiness figigse it can
truly be among the best of the be&t.This report of the second statewide assessment has
shown that both the caution (about mounting cortipatirom other states, amidst some
faltering steps within the state) and optimism (gbdinnesota’s underlying capability to
respond to the challenge) expressed in that fiegiont were justified. Some of
Minnesota’s competitor states have continued tcaeoé their position in biobusiness
technology since 2002 thereby, to some degreeatémeng the comfort of Minnesota’s
incumbent biobusiness technology enterprises; ibtheé mean time Minnesota has also
apparently managed to make real progress in plgnaimd implementing its “next
generation biobusiness rail system” (to continu¢hvihe metaphor employed in the
previous report). The upward swing in Minnesota’'s biobusiness tegyndortunes
since 2002 may provide inspiration and grounds Hope to the state’s current
biobusiness leaders.

% BioBusines$2006), page 62.
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A summary of the trends in Minnesota’s biobusirtestinology industries during
the half-decade following the previous U.S. Economic Census, together with highlights
of trends from the previous half-decade prior,risviled in Figure 34. The most salient
result of this study, reflected in Figure 34, iattemployment in Minnesota’s biobusiness
technology enterprises grew significantly (by abdg%) from 2002 to 2007, more than
making up for the ground that was lost during threvppus half-decade. As was
mentioned earlier in the report, this news is egigcsignificant since Minnesota was
the only state out of eleven that actually appeared to lose biobsisganology industry
employment overall during the five years from 1997 to 2002.

Not only did Minnesota increase its number of biobusiness technology jobs
during the second half of the decade, the state &lsreased itsproductivity in
generating biobusiness technology jobs relativetteer states Minnesota managed to
maintain its above-average level of competitiven@ss-a-vis employment density)
continuously throughout the decade following 1997; and between 2002 and 2007 the state
managed to significantly improve its relative pmsit Minnesota’s biobusiness
technology employment density index increased fof# in 2002 to 1.43 in 2007. In
short, Minnesota managed to turn around its previdownward trend in biobusiness
technology competitiveness into an impressive ugveaving. The scale of the upwards
shift in Minnesota’'s competitiveness, as indicateyl its dynamic propensity for
generating employment through biobusiness techyolags the greatest of any of the
eleven states reviewed during the assessment project.

The vast majority of the biobusiness technologyusid/ density indices for
Minnesota—both the indices for the aggregate industry and the indices foofetheh
constituent industry segments within the aggredpddusiness technology industry—
improved from 2002 to 2007. In fact, all of the dayment density indices and all of the
enterprises density indices for Minnesota—with three exception of the enterprise
density index for agri-bio & bio-industrial techogly—increased during that time
period. Thus, Minnesota became more competitivliwithe United States during the
most recent half-decade for which U.S. Economic Geulsita are available.

The story becomes a little more complex when coimspas are made with the
dynamic positions of individual competitor stat€he situation varies from case to case
(i.e., from industry segment to industry segmeRr example, in the medical devices
industry—which is arguably the most important segirfer Minnesota—Minnesota is
clearly number one (i.e., it has the highest emplayt density index of all eleven states).
For the enterprise density index (for medical desjcMinnesota improved its score in
comparison with the other states, but maintainedrank as third on the list. So, for
medical devices, Minnesota rose in the ranks feremployment density index in
comparison with other states, to regain the top position, but maintained its previous
position on the list for its enterprise density inda comparison with other states.
Nevertheless, as explained earlier in the repedgnehough two other states (Utah and
Washington) scored higher enterprise density irsdoh@ring the period in question than
Minnesota, Minnesota managed to increase its sbhneationwide medical devices
industry employment compared with those two states. The business of Minnesota’'s
medical devices enterprises grew during the dedadesby reinforcing the state’s
competitive advantages in the field and adding éontét stock of medical devices jobs in
the state.
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Figure 34: Overall Economic Trends, Biobusiness Temlogy Industries (and the Macro-economy)

2002- 2007
R&D in the o Total Al
Economic Medical | Life Sciences ng’i;mz:mgl Pharma- | Biobusiness Industries
Variable Devices (excludingthe ceuticals Technology (in the macro-
academic Technology ) economy)
sector) Industries
Number of
D .
employed people Up sliohwt? Up Up Up Up slightly
(in Minnesota) ghtly
Percentage of U.S. . Down
workforce Up Up iz Up Up Up slightly
Number of
Enterprises Down Up Up Down Down Up
(in Minnesota)
Percentage of U.S. Down
Enterprises Up Up Down slightly Up Down
Relative productivity
in generating Down
employment* Up Up Up Up Up slightly
2002-2007
Overall
Competitiveness ; Up
Up Up Up slightly slightly Up Stable
2002-2007
Relative productivity
in generating .
employment* Down Down Down Down Down Up slightly
1997-2002
Overall
Competitiveness Down Down Down Stable Down Uitglti)glﬁltlly
1997-2002

I As indicated by changes in the pertinEniployment Density Indewer time.
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During the second half of the decade to 2007 enmpéry in Minnesota in the
agri-bio and bio-industrial technology industries increased by over 44% arstiathés
share of total national employment in the secteo abse. Ethanol production is the
dominant sub-domain of Minnesota’s agri-bio and-ibaustrial technology industries
and over time has become increasingly so.

While the recent performance of the state in thémas positive, not negative, the
modest absolute scale of the growth compared Wwéhgtowth that was enjoyed by some
of the other states suggests that Minnesota may toeeedouble its efforts. This may, for
example, include identifying a niche (such as eingrgtechnologies in ethanol
production) where the state may have a chance toth&e agenda in the nation.
Nevertheless, notwithstanding the fact that a number of other states seem rnwhate
more aggressively than Minnesota in to the agri-am bio-industrial technology
industry space during the last decade, it appédwats Nlinnesota remains active in the
area, leveraging some of its emerging capabilitesommercial life sciences R&D to
develop new business models in agri-bio and biositréhl technology. Some other U.S.
states may be benefitting, in terms of employmeantegation, from Minnesota’s efforts
in this domain; but Minnesota’s agri-bio and bichistrial technology companies seem
for now to be generating increased revenue for the state from their geographically
dispersed activities.

As was the case at the time of the previous statevaissessment project,
Minnesota’s economy is more dependent upon theusiobss technology industries than
is the norm for the United States. During the five years leading tipetonost recent
Economic Census, the relative emphasis in Minnegptan the biobusiness technology
economy increased. At the end of 2002 the proportion of Minriesezonomy
(measured as employment) based on the biobusieelssalogy industries was 113% of
the equivalent proportion for the United States aghole. Five years later this had risen
to 143% of the equivalent proportion for the natibtence, how the state manages its
biobusiness technology industries matters for therall health of the state’s economy
much more in Minnesota than it typically does elsexe in the country.

As was also the case at the time of the previoaewide assessment project,
Minnesota’s biobusiness sector is distinctive. Mwsportantly, the medical devices
industry plays an extraordinary role in the mixoafbusiness technology industries in the
state. The percentage of biobusiness employmewiuated for by the medical devices
segment is more than twice as large in Minnesdaa this in the nation as a whole; and
the ratio of Minnesota to the nation (in the respective percentage of biobusiness
employment accounted for by the medical devicesnsed) increased from 202% to
231% during the decade leading to the most recem@mnic Census. Thus, the dominant
role of medical devices in Minnesota’s biobusineshnology industry is growing over
time, not diminishing.

The salience for Minnesota, compared with othetestéespecially in areas of
technological convergence) between the devices eegrand other segments, was
recognized in the previous statewide assessmeoitréys we enter the second decade of
the Twenty First Century it appears to be impegtior Minnesota to enhance its
capacity to leverage the strength of the medicaicés segment of the biobusiness
economy for the other segments. Accordingly, there may be value for enterprises in the
other segments in the overall biobusiness technology industry to consciously fesk fur




Biobusiness 2010: Minnesota’s Competitive Position in the Biobusiness Technology Industries

opportunities for leveraging the strength and momentum of the medical devices segment
to their own advantage. Conversely, medical devitess might find opportunities to
further enhance their business by seeking waysuerage innovations emanating from
the other segments.

The leaders of Minnesota’s impressive recent bimiess technology resurgence
might be able to energize their efforts to conwbrs resurgence in to a sustainable
competitive advantage for the state through fatitiy the enhancement of linkages

between the medical devices segment and other segmiethe biobusiness economy in
Minnesota.
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Appendix 1

Definitions of Basic Biobusiness Concepts

Biobusiness

Biobusiness is economic activity devoted to theldement or commercialization
of bioscience or bioscience-related technologies, petedar services.

In other words, biobusiness is technology-based economic activity centered on
biology. Biobusiness deals with the spectrum oErarises from start-ups to established
firms, together with associated infrastructure awpport services. In this project,
however, we have left analysis of the associaté@structure and support services to
another occasion. We have instead focused our sisawy a narrower set of enterprises:
those whose primary business is the developmerdonmmercialization of biological
technology. We call these organizations “biobusiness technology enterprises” (to be
defined and explained below).

Bioscience

Bioscience is knowledge based on the life scienespecially emerging
molecular and cellular biology, and also scienceplggr to human health, agriculture,
and bio-related industry.

Bioscience is a key source of what may be called "biobusiness technology" or
"biological technology."

Life Sciences

The life sciences are the collection of sciencesemed with the study of living
organisms, including biology, botany, zoology arm tmedical sciences, but also
including other biology-related fields such as Inemistry or ecology that deal with the
functions of organisms, and the relationships betwerganisms and between organisms
and their environments.

Sometimes, the terms “life sciences” and “biosciences’uaed interchangeably.

Biobusiness Technology

Biobusiness technology is technology devoted to the biological domain, as either
a system of tools or as a field of application.

Put simply, biobusiness technology is technology focused on biolbgy.the
technological foundation of biobusiness. Biobussnegshnology could, in principle, also
be called "biological technology."

Strictly speaking, the term “biotechnology” coul@ lised as a label for this
domain of technology. However, during the last tlezades that term has been taken to
describe a narrower set of biological technologies, centered on the applicatenaot
contemporary fields of science including molecuiariogy, cell biology, microbiology,
genomics and proteomics. We have therefore beamdoto coin some other terms to
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embrace the broad scope of technological activiu$ed on the biological world. We
have chosen not to follow the fashion of using Sbience" for that purpose, because we
believe that science—specifically, bioscience—ist june element (albeit a critically
important element) of that domain. Hence, we usetéhm "biobusiness technology"” to
cover what we would otherwise wish to label as tdsbnology."”

Figure 35

The concept of biobusiness technology is illustrated in Figure 35. Biobusiness
technology incorporates both technologies definecbaling to the means (tools) they
employ and technologies defined according to this dmarket-applications or purposes)
that they are intended to serve.

Biotechnology is a category of technologies whigtgperly understood, may be
grouped together because of a common (or complamgnset of scientific-cum-
technical means which they incorporate. In contdagth human health technology and
agri-bio / bio-industrial technology are categorie§ technology which, properly
understood, may be grouped together because omanon (or complementary) set of
ends (purposes or market-applications) which they serve.

A particular technology may be classified simul@mgy according to both the
ends (or markets) that it serves and the mean®@s) that it employs. For example, a
diagnostic test kit based upon monoclonal antibtynology may be simultaneously
classified as both a biotechnology product and mdw health technology product.
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Likewise, a genetically engineered micro-organison digesting oil from an aquatic

ecosystem may be simultaneously classified as édilotechnology product and as an
agri-bio / bio-industrial technology product (bubttras a medical technology product.)
Similarly, a specialized polymer for use in surgigaplants may be classified as a
medical technology product but not necessarily as a biotdatyy product.

Biotechnology

Biotechnology is technology consisting of biolog®gstems that are engineered
at the micro level for practical applications.

More formally, biotechnology may be defined as technology in which biological
systems are conceived, controlled, or influenceduth the application of molecular
biology, cell biology, microbiology, genomics or proteomics, and which are entpbs/e
means towards the attainment of practical endseBlmology may be directed towards
any practical purpose, including human health ori-lig and bio-industrial-bio
applications, and also many other applications;itoniay only incorporate means drawn
from certain specified fields pertaining to the bioscience

Human Health Technology

Human health technology is technology directed prilm towards medical
applications.

It includes medical devices (both diagnostic deviemd therapeutic devices),
pharmaceuticals, and complex medical-technologyesys (combining either chemicals
or other technologies). Human health technology magrporate technical means from
any field of technology, including biotechnology.

Agri-bio and Bio-industrial Technology

Agri-bio and bio-industrial technology is technojodirected primarily towards
applications in biosystems (outside the human body).

It includes selected agricultural, animal husbandry, aquaculture, foodssing,
food-supplement, environmental-management, or sliiences technologies. Agri-bio
and bio-industrial technology may incorporate technical means from any field of
technology, including biotechnology; but it must tdeected towards applications in
living systems or biology-related contexts.

Biobusiness Technology Enterprise

A biobusiness technology enterprise is a technel@ped business focused on
biology.

More particularly, a biobusiness technology enterprise (“BTE”) may beeatbés
a biotechnology enterprise, a human health technology enterprise, a dedicated
agricultural-bio or industrial-bio technology emggse, or a combination of any of these
types of enterprises. A biobusiness technologyrpnise must be devoted to the goal of
developing or commercializing bioscience or bioscience-related technologies, products or
services. It does not necessarily need to have@essful end product on the market, but
to qualify as a bona fide biobusiness technologgrpnise an organization’s activities
must be directed towards the development of bislmss technology. A biotechnology
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research laboratory in a university would qualify this criterion as much as would a
free-standing biotechnology firAl. A biobusiness technology enterprise could also be
called a “biological technology enterprise.”

It is important to recognize that a biobusinesshitetogy enterprise may be
devoted to the goal of developing or commerciatjznoscience-relateservices as well
as technologies and products. Research and develautivities are service activities,
and commercialization of R&D is therefore an exanpf the commercialization of
services. Only certain kinds of services—those #natspecifically part of bioscience or
that are closely related to bioscience (e.g., technical services emjtoyeascience
labs)—are eligible for inclusion as the “services” to be commercialized. In $tdrg
included as an essential element of what qualdiesobusiness technology enterprise as
a BTE, services must be technological services, rastdjust professional services or
business services. An example of a service that could be commercialized might be
genetic testing technique based upon genomicsradsed genetic testing technique is
not a “thing,” even if it may require the use dhitigs”—rather, it is a service—but it is
special kind of service, a technological service.

2L While a university research laboratory might, impiple, qualify as a biobusiness technology
enterprise, in this study—which is limited to eptéses classified under the NAICS categories listed
Appendix 2 (following)—university laboratories, gavwiment laboratories and other not-for-profit ingés
similar to university or government laboratorie® excluded from the formal data analysis.
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Appendix 2

Definitions of Selected NAICS Categories Employed i  n this Study to
Characterize the Domain of the Biobusiness Technolo gy Industries

NAICS 3254 Pharmaceutical and medicine manufacturing

This industry comprises establishments primarilgaged in one or more of the following: (1)
manufacturing biological and medicinal products) fRocessing (i.e., grading, grinding, and
milling) botanical drugs and herbs; (3) isolatirgive medicinal principals from botanical drugs
and herbs; and (4) manufacturing pharmaceuticallyms intended for internal and external
consumption in such forms as ampoules, tabletssuap, vials, ointments, powders, solutions,
and suspensions.

NAICS 3391 Medical equipment and supplies manufagring

This industry comprises establishments primarilgaged in manufacturing medical equipment
and supplies. Examples of products made by thdasblistiments are laboratory apparatus and
furniture, surgical and medical instruments, swab&ppliances and supplies, dental equipment
and supplies, orthodontic goods, dentures, anadaifitic appliances.

NAICS 334510 Electromedical and electrotherapeutic apparatus manufacturing

This U.S. industry comprises establishments pripmamngaged in manufacturing electromedical
and electrotherapeutic apparatus, such as magretimnance imaging equipment, medical
ultrasound equipment, pacemakers, hearing aidsstretardiographs, and electromedical
endoscopic equipment.

NAICS 334517 Irradiation apparatus manufacturing

This U.S. industry comprises establishments primaghgaged in manufacturing irradiation
apparatus and tubes for applications, such as wmiledi@gnostic, medical therapeutic, industrial,
research and scientific evaluation. Irradiation e the form of beta-rays, gamma-rays, X-rays,
or other ionizing radiation.

NAICS 5417102 Research and Development in the Life Scien¢ks 1997 & 2002)

Establishments primarily engaged in conducting aede and experimental development in
medicine, health, biology, botany, biotechnologgrieulture, fisheries, forests, pharmacy, and
other life sciences including veterinary sciences.

NAICS 541711 Research and Development in Biotechnolo@gr 2007)

Establishments primarily engaged in conducting ddbhology research and experimental
development. Biotechnology research and experirhe@aelopment involves the study of the
use of microorganisms and cellular and biomolecpiacesses to develop or alter living or non-
living materials. This research and developmerttigtechnology may result in development of
new biotechnology processes or in prototypes of aegenetically-altered products that may be
reproduced, utilized, or implemented by variousustdes..

NAICS 5417101 (part) Selections ofResearch and Development in the Physical,
Engineering & Life Sciences (except Biotechnologyjor 2007)

Establishments primarily engaged in conducting aede and experimental development in
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medicine, health, biology, botany, ... agriculturishéries, forests, pharmacy, and other life
sciences including veterinary sciences. This subgmay excludes biotechnology R&D as
defined in NAICS 541711.

NAICS 6215 Medical and diagnostic laboratories

This industry comprises establishments known asicakdnd diagnostic laboratories primarily
engaged in providing analytic or diagnostic sersjdecluding body fluid analysis and diagnostic
imaging, generally to the medical profession orthe patient on referral from a health
practitioner.

NAICS 325193 Ethyl alcohol manufacturing

This U.S. industry comprises establishments primagngaged in manufacturing nonpotable
ethyl alcohol.

NAICS 325221 Cellulosic organic fiber manufacturing

This U.S. industry comprises establishments primamngaged in (1) manufacturing cellulosic
(i.e., rayon and acetate) fibers and filamentseform of monofilament, filament yarn, staple, or
tow or (2) manufacturing and texturizing cellulofilmers and filaments.

NAICS 311221 Wet corn milling

This U.S. industry comprises establishments pripmangaged in wet milling corn and other
vegetables (except to make ethyl alcohol). Exampigsoducts made in these establishments are
corn sweeteners, such as glucose, dextrose, actd$ay corn oil; and starches (except laundry).

NAICS 311222 Soybean processing

This U.S. industry comprises establishments engagedishing soybeans. Examples of products
produced in these establishments are soybeanogibean cake and meal, and soybean protein
isolates and concentrates.

NAICS 311223 Other oilseed processing

This U.S. industry comprises establishments engagedushing oilseeds (except soybeans) and
tree nuts, such as cottonseeds, linseeds, peandtsunflower seeds.

NAICS 31212 Breweries

This industry comprises establishments primarilgagred in brewing beer, ale, malt liquors, and
nonalcoholic beer.

NAICS 31213 W.ineries

This industry comprises establishments primarilgagred in one or more of the following: (1)
growing grapes and manufacturing wine and brang®&snanufacturing wine and brandies from
grapes and other fruits grown elsewhere; and @)dihg wines and brandies.

Note: The above definitions were extracted fromviebé site of the U.S. Census Bureau.
Internet address: http://www.census.gov/ (extracted: 02/16/2006 and 21/11/2010).




Biobusiness 2010: Minnesota’s Competitive Position in the Biobusiness Technology Industries

Appendix 3
Data Sources and Changes in the NAICS Classificatio  n System Since 2002

The primary data sources for this study were thenBmic Censuses of 1997,
2002 and 2007 conducted by the U.S. Bureau of #mes@ together with data from the
various surveys of non-employers associated with the EBcier©ensus.

There have been some—on the whole, positive—changeshe NAICS
classification system since 2002 that make theesyshore appropriate for biobusiness.
Most importantly, “Research and development indibhology” has been raised from a
relatively obscure 8-digit NAICS sub-category to the level of a full 6-digit standard
NAICS category. Secondly, relevant portions of the old NAICS 339111 category
(“Laboratory apparatus & furniture manufacturindgiave now been placed under the
updated NAICS 339113 (“Surgical appliance & supplimanufacturing”) category.
Thirdly, data for non-employer establishments haoe been conveniently assembled by
the Bureau of the Census along with data from eyaploestablishments, thereby
reducing considerably the amount of work required for an analyst to build a robust
picture of all players in an industry.

These enhancements to NAICS, especially its tradtroe biotechnology, have
the added advantage that, from now on, there will hopefully be closer alignment between
data generated by the U.S. Bureau of the Censusdatal generated by the U.S.
Department of Labor on industries pertinent to b&hbess. Unfortunately, however,
along with this positive change, the Bureau of@emsus has stopped publishing data for
industries with NAICS codes any finer than 6 digithis is a problem for studies of
biobusiness, since the Economic Census now lumps Life Sciences R&E {ben
biotechnology) together with R&D in the Physicali€dces and Engineering, and
provides no easy way for the differences to besi@asit—since these differences appear
at the 7-digit or 8-digit level. It is important taddress this data issue because
significantly more than half of the enterpriseslied by both the U.S. Bureau of the
Census and the U.S. Department of Labor in thegbatyndustry classification, “NAICS
541712 (R&D in the physical, engineering, and sitéences (except biotechnology),” do
not belong in the life sciences.

This problem has been solved in this study by selgthe appropriate portions
of NAICS 541712 (“R&D in the physical, engineeringnd life sciences (except
biotechnology)”), representing only the life scieacsub-category of NAICS 541712, by
systematic estimation and projections based ornysisabf 1997 data and 2002 data in
NAICS 5417101 and NAICS 5417102, articulated sepérdor each state and for each
economic indicator.
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Appendix 4
Explanation and Definition of Industry Density Indi ces

An industry density index may be used as an indicat the relative capacity of
regions to generate particular kinds of industriesnay help you to tell whether or not
the level of development of an industry in a paifac region is simply a function of the
overall economy of that region, within the wideoeomy, or whether it is a function of
some special quality of that region that is esplgadiafluential on that particular industry.
Each index tells you something about the regiotrahgth of an industry, standardizing
the figures to take into account differences in ghale of the economies in the regions
(e.g., states, counties or cities) under consiagrathe state of the industry in the larger
region (e.g., nation, as the case may be), ancuhent state of the whole economy
throughout the nation (or whatever reference region is used).

The generic formula for calculating an industry signindex (IDI) forindustry X
in region N usingfactor F as a source of data within a wider reference re@egion R
is as follows:

Industry IDI for region, = {(factor for industry, in region,)/(factox for
industry in region)}/{(factor for all industries in
region,)/(factor for all industries in regigiy}

For example, if industgy= “medical devices,” if facter= “employment,” if
regior, = “Minnesota,” and if region= “USA,” then the formula for calculating
Minnesota’s medical devices employment density xn(teDI), within the nation as a
whole, is as follows:

Medical devices EDI for MN = {(employment in the medicaVides industry in
Minnesota)/(employment in the medical devices
industry in USA)}{(employment in all industries in
Minnesota)/(employment in all industries in USA)}

As can be seen from this formula, changes in imgunsity indices over time tell you
whether or not changes in the level of an indusira region follow changes in the
overall economy over time, or whether they are alrilbby some other more peculiar
factors.

Thus, a simple increase in the level of employnfenindustry in cityp tells you
nothing other than the fact that employment in thdustry has changed in that city. This
provides no information about the significance béttchange. A change in relative
percentages, however, reveals more useful infoomatiThus an increase in the
percentage of nationwide employment in induystagcounted for by employment for
industry in cityn tells you that the relative position of gityn industry in that country
has increased. While simple percentages are perhaph easier to grasp than density
indices, they nevertheless do not tell you whether or nqi bég actually improved as a
place for employment in industfy}compared with other places, or whether the ine®as
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are simply due to increases in the aggregate size dafiti'ateconomy.

In contrast, an increase in the employment densidgx for industry in cityn
tells you that city has become stronger for employment in indystrgompletely apart
from whether or not its overall economy has losgained groundis-a-visother cities.
Thus, even though industry density indices may lightty less intuitive for many
observers, compared with raw numbers or comparédpercentages, they may actually
be utilized as practical tools to help evaluate twbeor not industry policies in a city or
region (such as a state) are effective, comparddthve policies employed in other cities
or regions. They can also be used to evaluateeila¢ivie prowess of entrepreneurs and
industry leaders in particular industries acroggones.
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Appendix 5
Bio Production and Processing Industries

There are many industries in Minnesota that, ferriost part—according to the
definitions employed in this report—are not parthad “biobusiness technology” domain,
but that are nevertheless prominent in the broselieof “biobusiness” industries and play
a major role of Minnesota’s total economy and dgci€or convenience, these sets of
economic activities are labeled here as the “bmdpction and processing” industries.
The firms active in these industries make theirtigbuation to the economy through the
production, harvesting, gathering and processingatidiral biological products, including
the transformation of those natural raw material$oi advanced biomaterials and other
bio-based products.

These industries include, for example, agricultfwegstry, fishing, hunting, food
processing (including dairy-products processingjural beverage production (including
beer making and wine making), fermented sauce aiditige production, timber
processing and wood-based materials productionfugioproduction and other forms of
natural bio-based materials processing and praalucBome of the firms that sit under
the general umbrella of tH@o production and processing industrialkso belong within
the more narrowly conceived group of industrieselad here as the “biobusiness
technology” industries, but for the most part they do not fit there. The |girdse of
firms in thebio production and processing industrid® not center their business on
biological technology but rather make use of tetbgies from a variety of fields to
manage the production and processing of natural (bio based) resources. Having said that,
the scale and scope of these industries is suc¢thm role and influence in the wider
biobusiness economy deserves careful study. Addiliyp, the practical, technical,
organizational and historical linkages between the biobusiness technologgrigsland
the bio production and processing industriesakes it prudent for us to look at both
groups (remembering that they have overlapping neeshlip) as objectively and
analytically as possible. While there is insuffitiespace here to conduct a detailed
analysis of these industries, this appendix seelsravide a simple summary of their
economic status using the same geographic catsgame economic variables that have
been used throughout this study for the analysis of thitubiness technology industries.

As is the case with biobusiness technology industries, the NAICS classification
system does not perfectly capture the subject matttthebio production and processing
industries Nevertheless, as the majority of the economitvities in the domain of the
bio production and processing industrieave a long pedigree (agriculture, for example,
being one of the oldest of the organized economnoitvides of human beings), the
NAICS system is arguably more robust, on the whale,a system for organizing
information related to these industries than it is lier dther areas of biobusiness.

The NAICS codes that have been employed in assegithie data summarized in
this appendix cover the following industry categorieshattwo-digit, three-digit and six-
digit levels:

NAICS 11: Agriculture, forestry, fishing and hunting
NAICS 311: Food manufacturing
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NAICS 312: Beverage and tobacco product manufacturing
NAICS 316: Leather and allied product manufacturing
NAICS 321: Wood product manufacturing

NAICS 322: Paper manufacturing

NAICS 325191: Gum and wood chemical manufacturing
NAICS 325193:  Ethyl alcohol manufacturing
NAICS 325221: Cellulosic organic fiber manufacturing

Two of the above code®AICS 32519aNndNAICS 32522)Llwere included explicitly as
part of the selection of NAICS classifications ols$o act as proxies for the biobusiness
technology industries for the analysis in the mhody of this report. Two six-digit
NAICS codes not explicitly listed hera&NAICS 31212 Brewerieand NAICS 31213
Winerieg are nevertheless included here in the data asogbahe generic three-digit
NAICS code,312 Beverage and tobacco product manufacturitigewise, three other
six-digit NAICS codes not explicitly listed hemAICS 311221 Wet corn millinylAICS
311222 Soybean processiramnd NAICS 311223 Other oilseed proces$irage also
included here in the data as part of the genenieetdigit NAICS code311 Food
manufacturingalong with many other six-digit NAICS cod&s.

As revealed in Figure 36, thkio production and processing industriese
responsible for directly employing significantly nedhan one quarter of a million people
geographically located in Minnesota; and, as reaceal Figures 38 and 40, those jobs are
housed within over 82,000 enterprises (including thbo farms and
manufacturing/processing establishments) that tegeibnerate over $650 billion each
year in revenue for the state.

While almost all of the eleven states covered liy fibport, including Minnesota,
experienced either static employment levels orhsligss of employment in thbio
production and processing industrieser the five years to the time of the most recent
censuses, Figure 37 shows that Minnesota remaimgdcompetitive from the beginning
to the end of the period. In fact, from 2002 to 200innesota improved its competitive
position slightly as a location for employment imetbio production and processing
industries taking in account the size of theo production and processingconomy
nationwide and the relative size of Minnesota’slt@conomy to that of the nation as a
whole. In short, all things being equal, Minnes@téh an employment density index of
1.53) performs much better than one would expeca fetate the size of Minnesdta.

2 All results reported in Appendix 5 were produced [y Kelvin W. Willoughby, based on
calculations using data taken from the U.S. EconoGensus of 2002 and 2007 and the U.S. Census of
Agriculture of 2002 and 2007. All industries withihe two-digit generic NAICS Code 1INAICS 11
Agriculture, forestry, fishing and huntingfwhich includes all NAICS codes at the three-digitel and
lower, down to six-digit) are covered by the CensliAgriculture, which is conducted every five ygéy
the U.S. Department of Agriculture, National Agiicwal Statistics Service; whereas all industrieghin
NAICS codes at levels high than the two-digit genéisector”) level 11 (i.e., NAICS 21 and aboveka
covered by the Economic Census, which is conduetedy five years by the U.S. Bureau of the Census.
Thus, the data reported here (for 2002 and 200@ectsom four separate censuses, conducted by two
separate U.S. Government agencies.

% For a full explanation of the meaning of industignsity indices, including the employment
density index referred to here, see Appendix 4isfreport.
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Figure 36: Employment, Bio Production and Processihglustries, 2002-2007

Figure 37: Employment Density Indices, Bio Produeti and Processing Industries, 2002-2007
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Figure 38 shows that none of the eleven states covered by this study exgeaience
dramatic shift in the number d&fio production and processingnterprises domiciled in
their respective geographical territory during thee years in question. Minnesota
exhibited almost no perceptible net change durimg period in its number obio
production and processingnterprises; and, as Figure 39 illustrates, Mintzso
competitiveness within the United States as a iogdor bio production and processing
enterprises remained static at either end of the five-year period. Hovesvés also
revealed by the results in Figure 39, Minnesotaest@an enterprise density index for of
about 2.0 for both 2002 and 2007, which meansNtahesota has remained consistently
highly competitive (in fact, twice as competitive ias‘normal” for U.S. states!) for the
bio production and processing industries

Figures 37 and 39 together also reveal that, de§ptifornia’s enormous size in
the bio production and processing industri@édinnesota is significantly more productive
than California, overall, in generating both jolbsdabusinesses in those industries.
Minnesota appears to be challenged only by lowa\&igtonsin in its productivity in
generatingoio production and processirenterprises. Interestingly, however, in addition
to the established competition from lowa and WistonMinnesota also appears to have
been challenged recently by Washington state, wajpgears to be a rising stas-a-vis
its productivity in generatingio production and processirggnployment.

Figure 40 summarizes the aggregate annual inconmerged by thebio
production and processingnterprises of each of the eleven competitor statethe
beginning and end of the five-year period covergdtliie data. During that period
Minnesota more than doubled the dollar-value of tegenue earned by itbio
production and processingnterprises, maintaining its position as numbeedHhvehind
California and lowa. While California is clearlyetmational leader—in terms of absolute
size and the volume of business—Minnesota’s positie-a-visCalifornia is remarkable.
Minnesota has roughly only 14% of the populationGa#lifornia, yet the number of
people employed in thigio production and processing industrieEMinnesota is almost
one third that of California; and the amount ofame generated by Minnesotdi®o
production and processingnterprises is about 71% that of California’s enterprises in the
same industries.

The remarkable position of Minnesota as a locafimn business in thedio
production and processing industrissillustrated even more powerfully in Figure 41,
which Minnesota’s enterprises (with an aggregatemae density index of 3.52) are seen
to be several times more “productive” than Califai enterprises (with an aggregate
revenue density index of 0.79) in generating reednom their respectiveio production
and processing industriegn short, relatively speaking, Minnesot&® production and
processingenterprises make more money than those of thesigsun California (when
the numbers are weighted to take in to accountdlaive sizes of the economies of the
two states and the scale of the pertinent indsstragionwide). One possible explanation
for this is that Minnesota’sio production and processirenterprises tend, on average, to
be more active outside the geographic boundariéisenf home state than is the norm for
their cousins both in California and throughouttres the nation. In other words,
Minnesota tends—more than is usually the case—tihédome fobio production and
processingenterprises with a broad national and internatismeadep to their business.
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Figure 38: Enterprises, Bio Production and Processing Imgtdes, 2002-2007

Figure 39: Enterprise Density Indices, Bio Produoti and Processing Industries, 2002-2007




Biobusiness 2010: Minnesota’s Competitive Position in the Biobusiness Technology Industries

Figure 40: Revenue, Bio Production and Processing Irstities, 2002-2007

Figure 41: Revenue Density Indices, Bio Productiand Processing Industries, 2002-2007
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Figure 42: Percentage Change in Employment Densitgléx, Bio Production & Processing
Industries, 2002-2007

Figure 43: Percentage Change in Revenue DensitydrdBio Production & Processing Industries,
2002-2007
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Figures 36 and 40 taken together are evocative in at least oneesihect. They
show that—not only in Minnesota, but also throughte eleven competitor states—
during the five years to 2007 tH®@o production and processing industriemjoyed
business growth (i.e., financial growth) without jaimng corresponding local
employment growth. In addition, as is revealed by Fig88and 39, the business growth
of that period was accomplished without a net iaseein the number of locally based
enterprises in the relevant industries. In briedpf 2002 to 2007, thieio production and
processing industriesf Minnesota and the other states appear to hapeoved their
overall economic performance through prudent business strategiesxpadding the
global sweep of their activities, but without adglito the net level of local employment
or local enterprise creation mio production and processimngthin their home states.

Figures 42 and 43 enable us to observe—in a vamardic way—changes in the
competitive position of Minnesota and the otherestaiver time in théio production
and processing industriedby examining changes in selected industry denisidyces
between 2002 and 2007. Figure 42 does this for employment density indicEmyared
43 does this for revenue density indices. Figuardd 43 take the same data that were
used to calculate the employment density indiceBigure 37 and the revenue density
indices in Figure 41 but express the results as a percentage chanfieeoyears from
the base position of the respective indices for estate at the beginning of the respective
period. These two graphs may be useful for helgiate leaders to identify which states
might be doing “something right” to improve theioropetitive position in thebio
production and processing industriesd which states might be “getting behind in the
game.” As we observed during similar analysis we conducted for the various biobusiness
technology industries analyzed earlier in this repthe states positioned on the right
hand side of each graph are improving their gan@lewthe states positioned on the left
hand side of each graph may need to readjustdheie plans.

The most impressive feature of the informationhiese Figures is the outstanding
performance of Minnesota as the most improved staterms of its dynamic propensity
for generating revenue through locally based ent®p in thebio production and
processing industriedMinnesota’s prowess is followed by that of New Jersey and lowa.
Interestingly, Massachusetts—which, overall, isiaanplayer in thebio production and
processing industriesnoticeably improved its performance as a locatfionearning
money through these industries.

Figure 42 shows that Minnesota improved its re@aposition as a productive
place for generating employment in thie production and processing industrieger the
five-year period in question, although both Wastongand lowa both lifted their game
very impressively (relatively speaking) in this regard

To conclude, Minnesota is a major player within theited States in théio
production and processing industri€Significant employment and revenue are generated
for Minnesota through the activities of its localipsedbio production and processing
enterprises which, according to the evidence atlhare remarkably active outside the
state on the national and international scene. In addition, Minnesota appears to have been
improving its competitiveness in th@o production and processing industridsiring
recent years despite lack of growth in the production and processingbs located
within the state.
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