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Executive Summary

Introduction

Thanks to ithigh-rankinguniversitiesjndustryleading companiesindinviting communites, the
Research Triangleasbecome a leaden fastpaced innovation and growtDespite its originsn
the biotech, pharmacy, and dobm sectors the region is pesed tobecome a leader within the
world of cleantechm o | o @depnte¢bipnd establish itself as a cleantech hub.

This reportarticulateshow the Research Triangle region dagtter leverage its resources to
become a leading cleantech huthe Triple Helix Model serves as the basis fanalyzing
collaborativeinnovation between government, industapduniversities Cleantech hubs around

the world areexaminedto identify strategies and resourct#sat haveallowed these regions to
developsuccessfullyThe Research Triangle itsel§ analyzedand compareavith those existing
cleantech powerhouses to determine areas of strength and opportunities for growth.
Recommendations follow regarding how the Triangle can most effectively leverage its resources
speifically examiningits most unique and valuable resourite concentration of top ranking
universities.

Cleantech Hub

Cleantech isa broad term that includes atgchnologythafic an r educe environme

and diminish employment of raw matdrig |, natur al r e/sSomerexammes of a n d
these technologieacludesmart electricity meters that reduce energy usage, biofledtie cars,

and solar panelsHubs are geographiccenters that successfully leverage their resources to
stimulae innovation and economic developmehrough economies of scale, knowledge
exchangeand attraction of talentddbor. Together, a cleantech hub is a center of innovation that
emphasizesupporting sustainable busineasd researchas well as thegreen products and
services that come from those entitiésdustry, government, and acaden@ach play their own

key role in creating and supporting innovation throughout the Bathspecializs in a specific

niche andtheir cooperatiorcreats a posiive feedback loop of benefits that stimukatecal
economic growth and innovation.

The collaborative relationshipetween the entities of this trifectaindustry, government, and
academid is referred to as the Triple Helix Modahd is a valuable td to analyze cleantech hub
developmentWithin this mode| industry serves aghe main investgrproviding capital and
resources to incubate startups witanegion. The governmedits r o previsionofleadbrehip

and policythat areequired tanitiate and maintain innovation witharegion This roleis crucial

in championingnew technologies and creating goals and mandates for hubs to follow. Finally,
universities are important to hubs because tugply a skilled workforce anplaces taconduct
cutting edgeresearch By leveragingits universities hubs can become what is known as a
knowledge societya variant of the Triple Helix Model that concentratestlo® importance of
knowledge resourcecollaboration between universities, industry, and government This

e



formulationof the model gives specific significance to how the university entity can be leveraged
to create innovatian

Existing Hubs

To further understanthe inner workings ofleantech huband how they came to pthis paper
investigatediow San Diego California,Austin, Texasand Berlin Germanyhave developed into
successfuhubs of cleantech innovation

San Diego

San Dieg6 sleantech industry greatly benefftem strong municipal government support; the

ci ty 0 sis commyitted to cleantech armtovides support tonnovation across the city.
Furthermorehrithengitgdeastrial sect aniversittmk es a
resources andvailable adjaceriand to grow their businesses. Finally, San Diegbame to the

University of California San DieggUCSD), a well-respectedresearch universitthat spurs

innovation and economadvancemenwithin the aredhroughstartupincubatorswhichbring the

works of students and professors to the marketplace.

Austin

Au st i n 0 sesogrecdae thet Umigetsity of Texas at Austin (JAustin), one ofth&e ount r y 6 s
most highly regarded publigniversities UT-Austin has noprovidesa wealth of weHeducated

citizens to the aredyut alsoworks closely withthe c i t inddssgial sector to create innovative
technologies Specifically, UT-Austin has created thdistinguishedIC? institute, which is

dedicated to the incubation and development of tech startupsdhbeoAustin region.fie Austin

city governmentredes legislature that promotes the implementation of clean technologies and
supports the collaboration betwebdT-Austina nd Aust i no6 sThetceyalbotaken d ust r
advantage of the unique deregulated energy market in the state of Tgxasdgying dkrnative

energy initiativesand technologies

Berlin

The City of Berlin is recognizedglobally as deader in innovation, particularly in theleantech

sphere One of the ways Berlin hastablished itself as a leader in this fislthroughgovernment
investmentin clean and sustainable textoges Berlin® influential and expansive network of
cleantech clustersetsthe cityapart from other cleantech regiohénder thisclustermodel, the
government sets aside funding and space for the colocation of universities and industry to initiate
efficient knowledge sharing and problem solving. These parks have their own incubators and
accelerators that provide resources for cleantecatisns at every stage, from product inception
through entrepreneurship and company gro&ttamples of this model aierlin Adlershof a
science and technology patke CleanTech Innovation Centandthe ClearTech Business Park
Finally, Berlin univerdies such as Humboldt University and Beuth Universtitgve been major
players in providing the knowledge resources



Summary of the Research Triangle

The corners of the Research Triangle region of North Carolina areddsynthree municipalities,

each with its own topanked university: Chapel Hilvith the University of North Carolina at
Chapel Hill (UNC), Raleighvith North Carolina State University (NCSU), and Durhaith Duke
University. Thanks in part to thesbreeuniversities the workforce of tis area is highly educated;
almost half of the populatiorhasat leasta bachel ords degree and se
population has a graduate degtdée Triangle area also hasongeconomigolicies such as the
country's lowest corporate tax ratg%) and strong green policieslike Renewable Portfolio
Standards thatpurrapid solar energy developme#tnothervaluable feature athe Triangle is
theResearch Triangle Park (RTP). Tiaegest esearch park in the countig TP is home to some

of the worl dbs mo sncludingCisecpandIBM. Gigen its exising stréngtiss,
most specifically its concentration of highly ranked universities, the Research Triangle region is
well poisedto become a leader in cleantech innovation.

Recommendations and Conclusion

Based on the evidence collected tbis paper, there are several recommendations that the
Research Triangle area could implementassistthem in becomng a leading andglobally
recognizdcleantech hulFirst, it is crucialthat state and local governmentsmmitto creating a
cleantech hub. This commitment can come in many fesoth asreatinggreen energy mandates
similar tothe ones in Germangndinstitutionalizinggovernmenfi ¢ h a mp i ceeanteah, wod
advocate focleantechriendly policies Our second recommendation isuaiversally strengthen
and construct newriple helix connectiongo promote innovative growth.The creation of a
cleantebt park within the confines of the RTP, with incentives for faculty, students, and industry
to work sideby-side on cleantech research, wod@&monstrate a clear commitmentatdeantech
mentality. The final overarchingrecommendation isor greaterinter-university collaboration.
Allowing each university to do what it does best on ambitious, collaborative progecke great
driver for creating cleantech innovation aatttactingcleantech companies into the Triangle area.

The Triangle has a remtton for producing technical innovationsthe region wagivotal during
theinformation technologypoom of thel990s" Now the Research Triangle has the opportunity
to become @leantech leader, as welloday, he Triangle hasnany ofthe same resourcesd
opportunitiesasother leading cleantech hubds mustnow strategicallyleverage itsesourcego
reach succesm the cleantech fieldWhile this reportrevealsthat there is value in leveraging
universities withincleantechhubs, it is apparent théte other elementand connectionsvithin
theTriple Helix modelare just as importan constructing a cleantech hub



| ntroducti on

The Research Triangle, and the state of North Carolina by extension, is in a unique position to
leverage its resourcesabhecome a worldenowned cleantech huln order todo sq the local
businesses, universities, and governments within the Triangle will have to coordinate their
resources and abilities to maximizeitheollective potential.

The Research Triangle assection of land in the heart of North Carolina whose vertices are made
up of some of North Car ol i na o6:Ralegh, Ourham,ramdo v at i
Chapel Hill. The Research Triangle has been an attractive region for technology companies an
innovators for decades, hosting such companies as IBM, Cisco, Lenovo, and many more. One of
the mostattractive aspects of thelriangle is its high concentrationof nationally ranked
universities Each cityvertex of the Research Triangle is paired wite own top research
university. Chapel Hill has the University of North Carolina at Chapel Hill, Durham has Duke
University, and Raleigh has North Carolina State University. By leverdigengcademic strength

of these schools in the p4sthe Researchrianglecame tathe forefront of technical innovation

during the Information Technology (IT) boom of the9@8 and2000s and continues to be a lead

in theindustry today. In recent years though, the cleantech industry has begawio the Uhited
StatesNow,the Triangle is in an equally advantageous position to become a leader in this industry
as it was during the IT boor@ur hypothesis for this report is thhe Research Triangtanpropel

itselfto the forefront of cleantech innovatibgimplementing a strategy thfatcuses on leveraging

its universites.

Cleantech Hub

A discussion omhe operation and function ofeantech hubs must be predicated by definitions of

both cleantech and hub. Cleantech is a broad term that encompassesany techgy t hat f
reduce environmental pollution and diminish employment of raw materials, natural resources, and

e n e r¥ghese types of products and services span malitiglustries and fields of wotlut are
universallydesigned with sustainability aspriority. Some examples of these technologies are

smart electricity meters that reduce energy usage, biofuels, electric cars, and solaAparzls.

is a close}-knit geographicregion whose goal is tmore efficientlyinitiate the exchange of
knowledge and ideas betwe#re governmentbusinessesand educational institutions to spur

local innovation. These hubs are generally created and supported by local and state governments
who believe that thisollaborativeinnovaion can be a major engine for economic development

and growth in the regiof It follows, then that a cleantech hulis a region that focuseits

economic andntellectualresources on cleantech products and other sustainable innovatiens.

definition d a cleantech hub if often complex adifficult t o pi n down, t hough,
straddles several domains, from the cityds ph
For the purposes of this paper, our definition will primadbfine cleantech hubs as economic

engines for promoting growth and innovation within the green and sustainable technologies
industry.



A common theme amongsieariech hubs is supportivgovernment polig that encouragspublic

and private investmeir sustainable innovatioGreen policy is critical to the success of cleantech

hubs, because as Halland Helmer at e, fApol i cy in this area conf
the first is private underinvestment in R&D due to partial lack of apbitity and imperfections

in the financial markets and the second is the fact that climate change mitigation and reduction in
greenhouse gases is a classical publicMyood, ¢
Support fromboth the public ad private sectorallow cleantechhubsto prosper along with the

companies that inhabit them whjdh turn, candramaticallyr ei nvi gorate a regi
Expansion of the existing cleantech industry in the Triangle region cannrg e n t t he ar
ecanomy for the 2% century.

Triple Helli X

An effective way to vievthe operation o& cleantech hub is through the lens of the Triple Helix
Model. As shown below iigurel,thet hr e e 0 s t TriplenHelx Modeldreurtivérsties,
industry, andgovernment.Or, in the broad terms dbeakin and Leydesdorffi1l) intellectual
capital of organized knowledgequluction; (2) wealth creation; and (3) reflexive conértsl The
connection between each of these entities makes the Triple Helix Model effective.

University

New Product Funding and
Ideas, Strategic
Demands

Innovations

Jobs, Taxes,
Infrastructure

Figure 1. Adapted froniriple Helix Model (Kimatu, 2016)

Each entitywithin the Triple Helix Model interacts and supports the others in critical ways
contribute to the formation of a cleantech huhiversity, for exampleprovidesinnovative ideas
and technologieanda trained labor force to implement them. Industrg &nsinessontribute
funding, jobs, and commercial infrastructuwmehile the government provides direction, policy,
infrastructure, and grafiinding All three of these entities wotkgetherto create a complex and



dynamic system of innovatiorSpecializationand cooperatioetweenthese entitieallows a
regionto sustain its economic growtnd provide services and products to its inhabitants.

Industry

In d u s tmosy ihgortantcontributionto the Triple Helix Modelis the provision of capital.
Investments, often in the form wénture capitafunding, are highly influential in the success of
new startupg’ The private sectoralso provids job-specifictraining and product expertise @
regionand can facilitate intrandustry collaboration to quicken the pace of innovatidn relation

to the government, business®eate jobsvithin aregion and can lobby for better market policies
within their hub Industry supports a region through the provision of tax ddl@tsan contribute

to infrastructure developmenBusinesses also play watal role in supporting universities.
Existence of a thriving industrial sector in a regionigainonlyretain talented universitgraduates
but can also provide valuable training to students through intemshphighly articulated
versions of the Triple Helix, industigan provide funding to university researchers to solve real
world, industryspecific problem&’ By leveraging and investing ¢ir resources in this way,
businesses can lsgnificantcontributors to the success of theibls.

Government

The government providekeleadership and policyitiative required for successful innovation in

an areaSome of the most common pofiactions governments take arffering subsidies or tax

credits, providing regulations or mandates,@and n t e r [andektermalityrbggranting property
rights that all ow some ap'%h®nemghly eneficalnactiod t he
government can take to support a cleantech $piécifically is creating policies that support

startups andecrease the risk theg¢nture capitalistsake on when making such investments. Feed

in tariffs, for example, providéusinesse longterm contracts i fixed electricity rates. By

providing contacts that ensure steady and reliable cashflows, venture capitalists can invest with
more confidence and lingt risk exposur® Governmentsat all levelscan also dectly fund
innovationthrough grantsor create governmesgponsored research labs to conduct their own
research' In this way, the government functions adpablic venture capitalist, an instigator, and
financier of new f i r awibtheadddd sgmficamee wf represegh n ol o g
the voice of its constituent®/' Other than implementing innovation policy, a governmnieams

many toolsto maintain ahigh quality of life within the regiorthat can attract and retain new
industries and skilled labd¥" This can be accomplished thigh maintaining ifrastructure,

supporting a higiguality education system, and keeping so$tiving low. As may be apparent,

many of the actions that a government can take to support business and innovation in an area in
general are very applicaleo gover nment 6s support of cleante

Academia

The university is a key source of innovation and creativitthe Triple Helix Model One of the
most fundamental resources universities provide faukais the skilled labor needed to research,
develop, and operate innovative technologiasman capital isin attractivancentive that daub



can offerprospectivecompanies. A study by Kim et #&.found that the two characteristio a
regionthat affet¢ local entrepreneurship mosteiuni ver sity and col |l ege
capita and number of people of who attained a university degree in the. réiifienearly stage
research that universitieonduct is often considered mdrgh-risk than that vinich industry or
government could undertalsy companies are especially interested in partnering with universities
to have access to potentiallyoundbreakinghew technologie¥ Researchuniversities also play

an influential role inthe i é p at e nt icamging af rachderhic inventions in supporting
technology transfer between universities and indugttyUniversities can also be leveraged to
take a more direct approach to participating in the economic development of their Aetgon.
examples ofeveragingstrategies ard tie creation of intermediary offices, spaff firms, science
parks, and other interface mechanisiffs The leveraging of universities within the Triple Helix
Model is essential to the idea of tlekeantechhub and can be a major driver of new and
groundbreaking technologies.

Knowledge Society

One of the major strengths of the Triple Helix Model is how it contribtdeke creation of a
Knowledge Societyor as a society where people (universities, industry, government) can apply
publicly available information to accomplish tagks Their work in turn provides data from which

new theories can be used to guide future acticnesting gositive feedbacloop.* By working
together under the framework of a Knowledge Society, all three entities within the Triple Helix
Model have the opportunity to benefit substantially from resources and specialties that each entity
can bring to the relationship. Universitiesldrakey rolewithin the Knowledge Society, because
they are major hubs for knowledge and innovationdhiake governments and businesses towards
more novel strategieShe core belief behind the Knowledge Societythat the potential for
innovationand economic developmewithin it lies in a more prominent role for the university

and in the hybridization of elements from university, industry and government to generate new
institutional and social formats for the production, transfer and applicaftiorowledg&. There

are three approaches to the integration of the three players within the Triple Helix khedel:
Statist approach, the Laisstare approach, and the Balanced approach. All three approaches can
be seen visualized irFigure2.



10

Trilateral networks and
hybrid organizations

Government University
.l ﬁi .@ @'@ Industry overnment
‘Statist’ ‘Laissez-faire’ ‘Balanced’

Figure 2: Adapted fronTriple Helix Formations (Etzkowitz and Leydesdorff, 2000)

Under the Statist approadhe governmerdassumeshe lead in drivingrinovationby coordinaing

and limiing how the industry and university entities cooperate. The Laissezapproacjon the

other hand, is characterized by very limited state intervention in the economy. In the absence of
the state, industry becomes the driving forcanmiovation,with the university entity mainly
providing skilled labor and the government entity muginlegulating social and economic
mechanism®“ This type of configuration ishe most common in the U.S. today. The final
approach is the Balanced approach. This configuration occurs when the university and other
knowledge entities work in tandem with botie government and industry to create innovatitin

This approach is specifically tailored to societlesttransition to a Knowledge Sociefyhis paper

mainly focuseson the Balanced approaddi the Triple Helix Model and how universities can be
leverage in a way to create a successful Knowledge Society.

Exi sting Cleantech Hubs

In order to determine/hich aspects of the Triple Helidodel needstrengtheningn the Research
Triangle we assesslthe historyand shared qualities three successfudxisting cleantech hubs:

San DiegpAustin, andBerlin. Characteristics werselectedirom The Effects of Regional and
Neighborhood Conditions on Location Choice of New Business Establishmbicts discussed

the conditions of citieghat aremost ppular for new business establishmet$.Using various
metrics like property tax rates, venture capital, and education demograpkissengthof the

Triple Helix is examinedn these existing cleantech hubs. The most developed cleantech hubs are
locatedin Europe.While the Triangle can aspire emulate these European cleantech hties
examples of cleantech hubs in the United States, Austin and San Diego, are a more realistic goal
for the near future due to their similar environnse&md availéle resourcegObserving indicators

from each of these hubs yields a trend of what political, industrial and academic climates foster a
cleantech hub.
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San Diego, California

San Diego represents a cleantech hub on the rise andaesetibed as placeii s ma | | enough
get things done; large enough to make a differ@i¢eThe city is thebirthplace of the Keeling

Curve thegroundbreakingvidence ofncreasing atmospheric carbon dioxide levels, lzagilong

beenknown as an environmentally consciousegion In fact, San Diego consistently leads the

nation in solar panel installations and EV effditsSan Diego benés greatly from its location
andaprogressivdocal government. Its eastern neighbor, ImpeZ@alnty, provides resources and

acosteff ecti ve | ocation for R&D, and the mayor o0s
San Diego is also saturated in universities ¢t}
government and industry cleantectprojects.

Perhaps Sabi egods most not abl e asmyrsforinsovatioh and s up p o
startups. The Mayoros office noworkimgspaces,sandp por t
accelerators, but also commissions studies to review the local businesspenadsd understand

the strengths and weaknesses of the cityodos i
Diego Economic DevelopmenbDepartmentassistswith site selection, due diligence, tax
incentives, permit assistance, fee reductions, finaneind,other programs thassistlarge and

small businesses.



The region also benefits from a thriving |
industrial sector inadjacentimperial County
nicknamed AnCal i fornia's
playgroundd  drégion receive263 days of
sunshinethat suppors a yearlong growing
season and contributes to  biofuel
development™ Imperial County also contain:
large amounts of available private and pub
lands which provide cosdffective facilitiesto
companies for production an
commercialization. Industry igncouraged to
demonstrate and test prototypes in Imper
County as well as work with the students a
faculty at the San Diego State Universit
Imperial Valley campus.

University Highlight University of
Californiai San Diego

SanDiegé s e f dleartethsre boistered b
a strong network of universities in the are
perhaps the most prominent being the
University of California San Diego (UCSD)
With a total enrollment of around35,000
students the institution boass strong
entrepreneurship andinnovative research
initiatives thatare well integratedvithin the
greater San Diego area.

UCSD is the areatdts |
university, currently ranke@s the ninthbest
public universityin the countrypy the US News
and World Report® The university plays a
major role intheci t y6s econon.|
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campus is the largest employer based am Blego County Addltlonally, the retention of the
talented UCSD alumni isotably high 73% remain in Californig26% ofwhichremaining in San
Diego County A thriving research atmospheegistsat UCSD as well as @eommitmentto the

environment and entrepreneurship.

Ranked & in the world by the journaNaturefor total research output, over 1,870 patents have
been issued tdCSD research*! UCSD also receives ample research fundifd.16 billion for
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thefiscal year 2016/17. Atrong focus
on environmental researdfasearned
UCSD a ranking of fourth nationally
and fifth worldwide for earth and
environmental researctv

University of California:
San Diego

650+ startups in the Usfor enrolling &
have come out of UCSD research . £ ST WOmBI WS

The focus on entrepreneurship at

1870+ UCSD is spearheaded by the Von
patents issued | Leibig Entrepreneurism Centeshich

in the nation for total research amst o Nncatalyze commerc

2900+ UCSD inventions through grants,

education, and business

BEST COLLEGE VALUE - mentoringo® Over six years, sixteen
startups have been fouwsd from
projects incubated at the Centhich

) 3 have attracted $78 million in capital

active inventions'

47% ) <ivew investmentand created 130 jobs. The

number ofco-working spaces on and

: off campus as well as multiple

< 86% > ot innovation competitions drive creative
work at the institution. Indtal, more

than 750 startups have come from

UCSD projects, and nearly 3,000
products have been brought to market.

San Diegobés path to cleantech stardom has bee
area,which has provided support for cleantech startups and the development of new, green
technologies such as solar photovoltaics, electric vehicles, and biofuels. The prominent university

in the area has certainly played an important role in furthering tlowatime efforts in the area,

but did not prove to be the driving force propelling the city to become a leading cleantech hub.
The following cleantech hub case study, Austin, Texas, followed a slightly different trajectory to

land at the forefront of theehntech world.

Austin, Texas

Chosen as the capital of Texas in 1839, the City of Austin first experienced major economic and
population growth during the early 2@entury Texas Oil Boom. Laten the 1980s, theity

emerged as a higiech center foreamiconductors and softwar@round the same timés largest

university UT-Austinh, grew i nto one of the nat citpcadbe t op ¢
referred to byits variousnicknames: The Live Music Capital of the World, Hippie Haven, the

ABl ueberry i 0orthe &ilicdkevdlley St thet South Capi t al i zing or
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deregulated electric grid and the rich source of tal
from UT-Austin, the city has become a leadén
cleantech innovation.

Governmenthas alwayscontributedsignificantly to = S e
Austindés economy and ctL N e
workforce® The University of Texas at Austin
Texas®o premier publ i c
region with a wealth of talent since opening its dof
in 1883. While the concept of goverantuniversity
cooperation is not new to this region, the developm
of a hightech hub and tripkhelix collaborations
initially began in the 1970s and930s with the
concurrent creation of the #Qnstitute atUT-Austin
and establishment of Dell and SBWIECH. Both
factors served to create a hitggth boom that lured 4
talented engineers, created an entreprenetl
ecosystem favorable for startups, acdltivated a

lively andprogressive culture.

o
g BestPlace toStarta
o Business'

Most Exciting Food City in
the US*

that sigrficantly helped thecity transition into a tech
hub. In 1983, thecity gained Microelectronics anc
Computer Technology Corporation and in 19:
SEMATECH, a noffor-profit consortium for researct
and development of advartehip manufacturing.
SEMATECH followed the triplehelix model in

pooling public and private investment to compete w

Happiest City inthe US#

—
=
In the mid-1980s, Austinattractedmajor companies ” BestLGBT CityintheUS®

BY 2020,

semiconductor threat, Japan. Notably, Dell, one of 11 46% “'2X
|

largest tech corporations in the world, began in 1¢

from a UT-Austin dorm. The creation of these tec !
industries attracted young, talented workers w CLEANTECH EMPLOYMENT L
developed a unique culture and progressive iden

for the City of Austin. The growth of this youthful

culture spurred the creation of festivals like South 54% of people have abachelor's
Southwest, a music, entertainment, and tec O || degreeorhigher®

conferencehatdraws in thousands of people annual

Around the same time, one of tbeuntryd s o |
incubators, the I€ Institutg was created byJT-

Austind s Dean of t he Cc
Administration, George Koznteky, for the purpose ol
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spurring economic development through government, industry)@nslustin collaborationg*i

Since then, the Austin Technology Incubator (ATI), spun from tHeir§titute, has become a
prominentforce in the region, supporting testartups by providing mentorship, seed money, and
connections to venture capitalists. Companies born from ATI have gone on to suppareattier

ATI companies and have added 6,500 jobs and $880 million to the Austin ecst6h®ne
significant company borout of ATl is CleanTX, a cluster development organization founded in
2006 andsupported by the Austin Chamber of Commerce and Austin Energy, dedicated to track
the growth of the cleantech economy and identify future opportunities for this sector in Central
Texas. Founded in 2008, Pecan Street is an R&llaborationbetween Austin Energy, the
Environmental Defense Fund, the City, dudl-Austin focused on advancing energy and water
technology Heavily financed by the 2009 federal stimulus bill, PeSapetsought to create a
ismart grido market similar to SEMRTECHOSsS cre

Finally, the main factors for thendustrial growth of the area have been the deregulation of
electricity andfavorablylow taxes. Texas is highly attrae#i to businesses and workers by being

one of onlysevenstates without income tax. While Texas has no corporate tax rate as well, there

is a franchise tax for very limited cases and entities with revenues less than $1.13mitlicther

unigue aspect dhe region is the deregulated electricity grid. The Electric Reliability Council of

Texas gives clean energy companies access to the independent grid and strives to provide an
efficient, open access grid. A traditionally monopolized sector, deregulatioesfaitilities to

compete for profits by investing in technologies that help their customers use less energy.
Renewable portfolio standaategunby the Austin localgovernmenin 1999further encourages
companies to fAgo gr eendoflkelgctricityetg ecoineg fiom enewable er t a |
energy.Austin recently set an ambitious goal to reach 65% renewables by2026.i s r egi o nd
competition has allowed the energy market to experimmaking Austin a hub for energy

innovation

Overall, sstablishedconnections between government, industry, dmeAustin have pushed the
region into the forefront of the higlech andlater cleantech space. The establishment of a few
large companies arttie IC? incubatorhavecreated a positive feedback loopatfracting talent

and developing startups which went on to support other ventures. While Austin faces the typical
growing pains of traffic and transportation problems, its vibrant culture continues to draw in talent
and grow the regionds cleantech sector.

University Highlight: University of Texas at Austin

The universitycomponent of the triple helilm Austin comes almost exclusively from thd-
Austin community, the flagship institution of the University of Texgstem and the eighteenth
best public uiversity in the US{ UT-Austinis ranked % for undergraduate business programs
and has many top 10 engineering programs, includinig environmental engineering program
and#4in civil engineering prograsx’ Given the distinction as thé®est cleantech university,
UT-Austin has emerged as a leadetthis field through its commitment to entrepreneurship and
innovationV
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UT - Austin While UT-Austinb s enr ol | ment i's d
50,000, this large state school sessfully
createsa sense of commusitby integrating

c')‘ Cleantech different departmentsand creating various
@@ apalsy certificate programs and specialization tradks
i particular, undergraduates are given the

generated opportunity to participate in bridging disciplines

SB 8 B".LIUN prent e programs (BDPs) to develop a second area of

. specialiation, complementary to their majo

in TX business Ry Environment & Sustainability and Innovation,

activity* entrepreneurs in Creativity & Entrepreneurship are just two of

10 years ?

these 16 interdisciplinary concentratiofis.
MBA students at the McCombs School of

AUS“N IEGHNUI.OGY Business can choose a cleantech concentration

and learn about the policy and technology behind

; INCUBATOR ¢ .
i this industry?v
8 million + 6,500 + o .
$ ’ The major drivein UT-Austinb s entr eprene
generated direct & indirect jobs

spirit is the IC Institute. Mentioned previously,
the IC Institute and ATI have helped startups
#8 Eﬁﬂ;ﬁ;ﬁtjﬁ“ succeed for decadeblewer initiatives like the
Longhorn Startup Lal;lerb Kelleher Center for
Entrepreneurship and Office of Technology
< 4% | ofsrduate sty in s Commercialization have continued this tradition.
The Longhorn Startup Lab allows undergraduate
—— students to receive mentoring and-working
FUNDING * space to develop tiveown tech startup, all while
6)% demduiesayiniest - optaining course credit The Herb Kelleher
Center for Entrepreneurshigtrives to link
entrepreneurs with students and faculty across
Yof Texsat Austin Facts® Figure many fields to encourage collaboration. Finally,
the Office of Technology Commercializatio
S — works to translate)T-Austind s di scoveri es
market by assisting in licenses and providing outreach and opportunities to connect with industry
and investors.

$650 MILLION

Lastly, it is important to note the engineering talentUdtAustin. The Cockrell School of
Engineeringawards over 300 degrees a year landseseven different departmen@ne of these,
the Civil, Architectural and Environmental Engineering departmiaatises orareas such as
building energy and environments, environmenéad water resources engineering, and
sustainable system®ecently the schoolaunched the Center for Infrastructure Modeling and
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Management in 2016 to develop open source water infrastructure models and assist local
communities in water management anstainability Vi

While themunicipalg over nment of San Diego | ed the way i
becoming a cleantech hub, in Austin it was academia and industry that played more prominent
roles.For Berlin, Germanya city considered the globadder in cleanteclhe story is slightly

different still.

Berlin, Germany

The City of Berlin began as a medieval trading center in the 13th céhtiBince then it has
experienced frequent, radical change through golden periods and darker eras. Nonetheless, the
previously divided city has flourished as a lively metropolis in the center of EurgkéngBerlin

a gateway to thburgeoningnarkets of Cetnal and Eastern Europe whipeovidingaccess to the
economic regions of Western Eurdpe.

The culture of Berlin is vibrant and full of creativity, art, and spontaneity. The rich culture attracts
young minds and entrepreneurs todity centerand promees Berlin as a popular location for

business and cleantechhe city has a plethora of available industrial and commercial space in a
central, connected, urban |l ocation, regiohal,l e t wi
national and internation&lbnnections. The positive mentality and support ofEhergiewendge

t he c oaggressive énergy transition to renewable energie® inuenced the culture of

i nnovation and startup ec olhgfederalmovesnimenBpmpy!|l i nd s
significantrole in the success and progress of cleantech with funding and support, emphasis on the
triple helix concept, antheimplementation of initiatives to form clusters and networks.

The German governmeig unwaveringly committedo sustainabilityand innovationin 2000,
90% of Germanyods el ect rrudeartenergiesane fifegaald afthe d f r o
Energiewendés to decrease the fossiliclear produced electricity to 55% by 2025 and to 20% by
2050. To support "t vision,Germany officially announced its intention to phase out nuclear
power in 2000. All reactors will be closed by 202@ermany also has more than a 16% share in
international cleantech traleNot only hasGermany taken the initiative tinansition to more
renewable energies, it has also strengthened its approach to promote innbvatad, Germany
implementedhe New HighTech Strategwhichaims to propel Germany forward as a worldwide
innovation pioneer. This strategy outlines siolo$ in such areas asustainable urban
development, environmentally friendly energy, individualized medicine and the digital society.
Today, the Highlech Strategy is being developed even further as a comprehensive,
multidisciplinary innovation stratedy. While supporting highech strategieshe countryalso
focusedts resources on research and development, spending 3.56% of their GDP dk R&D.

this dedication to sustainability and innovation, Germany is one of the best regions for the
developmenbf the cleantech sector.
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Additionally, the federal government and the states have initiated a series of projects that focus on
establishing networks and clusters to promote new technologies through the collaboration of
businesses, research institutionsjversities, government, and other organizations other

words through the Triple Helix ModéY Networks and clusters allow for quicnd efficient
knowledge transfer, create a positive climate for a startup ecosystem, and promote new
partnershipsln addition, he City of Berlin supports its entreprenehysproviding numerous tech
centers and business incubators, including several that cluster cleantech industries with incubators,
research institutes or universities, and venture capitalists. Thetadbacluster and research
activity account for a majority of employment opportunitieBarlin. With this solid foundation

of state and federal support to create clusters and networks, Berlin has built several technology
parks, as well as specialized cleantech parks, to promote the region as a cleantech hub

An excellent example oB e r | tripfe-Biedixed clusters is Adlershof, the largest science and
technology park in Europe. It lies southeast of the centerigibnly a 6minute car ride or a 10

minute SBahn trip from a major airportand contains wellleveloped guest houses, hotels,
restaurah s , sports facilities, scientific i nsti
departmentd’ Thereare 16 scientific institutions, 6700 Humboldt students, 1041 companies

more than 400 innovative higlech small to medium sized enterpri¥sTo connectindustry

with academia,Adlershof has implemented the Joint Initiative of Ndniversity Research

l nstitutions in Adlershof t o fcr eby fadlitat;igy ner gy
cooperation among research institutes ™Ms well
Adlershof centers on innovation and incubation as well, containingnpubation facilities,
Humbol dt Uni v e-msovatiopGmbH aHdbusinesd pthih competition, and a broad

range of services, from coaching and financing to subsidized labs and technological infrastructure.
Science and technology parks like Adlershof playirdluential role in creating an environment

for a cleantech huto develop by providing infrastructure for reseastartus, and education.
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Berlin is shiftingits focus to cleantecby developing a number of cleantespecific parksin
central locationsThe CleanTech Innovation Center (CIC) provides young compamie startups
with a focus on cleantech and sustainability with -@ftctive working spaces and flexible
workshops in an inspiring environment. The CIC supports many manufacturingsart their
growth phase through an attractive mentoring prodfarhe CIC is in the immediate vicinity of
t he CleanTech B u sBerlins iargestindustkal padsoptimally gearexd tofihe

needs of producticoriented companies from the forwardo o k i ng c¢ | alhetyaungh s ec't

companiesnentored byhe CIChave the opportunity to grow intvailableland in the CleanTech
Business ParkThis cluster of business park and innovation center proddesnvironment for
cleantech companies that is geared towards success and prosperity

Additionally, the Tegel Projekt is in development and aims to be a new research and industrial
park for urban technologies on the land of the former Berlin Tegel Airport. Once complete, it will
contain space for businesses, the Beuth University of Applied Sciences, a8dhtimaacher
Residential Quarter. The park will focus on the efficient use of energy, sustainable building,
environmentallycompatible mobility, recycling, the networked control of systems, clean water,
and the use of new materiaBhe residential quarter iV alsohave high energy standards and
implement progressive solutions for climateutral energy suppli¢d. Cleantech Parks like CIC
and the Tegel Proj ekt have enhanced Berlin
leading cleantech hub.

Stes | i ke the CIC and Tegel Projekt are embl
science and business and promote Berlin as cleastesly city where scieneeriented
companies can transform innovative ideas into marketable products.

University Highlights

The universities within Berlin havéed innovationto createB e r | ¢leantesh hub. The
universities receive 250 milliokuros from third party funding alone. Berlin has four public
research universities and twerdgven private colleges, with Humboldt University and Beuth
University of Applied Sciences having the biggest influence on the cleantech sector.

Humboldt University

Humbold University is the oldest university in Berlend isassociated with 55 Nobel Prize
winners, major breakthroughs in science, and infamous alumni and professors like Albert
Einstein® Although the university is well known for its prestigious arts and Hitiesa
departmentsHumboldt provides creativeinnovators and entrepreneurs wimpleresourcegso

foster their ideaandeffectivelyleverags its STEM departmetwithin its campus afdlershof.

The university offers extensiveresearch expertisegomprsed of a total of nine research
departments including: energy and environment, information and communication, logistics and
mobility, markets, finance and insurance, and new materials, procedures and rfétibes.
university offers patent services to ensure the univérsgsearch and inventions are legally
protected. The shining star at Humboldt University is Humbleidovation GmbH. This company

0s

€ Mc
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acts as the knowledge and technology transfer office ofrtivensity andas aliaison between the
university and industry. Here, they manage research and development agreements between third
parties and research students, find venture capitalnfigersity startupsand offer marketing and

events services. Humlat#innovation also offers professional training, events, and workshops on
knowledge and technology transfer to students at the univ&Y<given all of the innovation and
research that is fostered at Humboldt University, it is clear that Berlin prepateséloptheir
cleantech industry even further

Beuth University
Berlin is on tracko develop into an even more sustainable city in the future, and Beuth University

of Applied Sciences is thgerfect tool to achieve that godihe slogan for the schodaself is

AStudy ©OMheuriverdityoffes3 4 bachel or 6s and 35 master 0c¢
revolve around this slogaM. The three research focuses of the school are media and
communication technologies, urban technologiesl life sciences, and all of these groups, in their

own way, aim to answer questions like:

AHow can we sustain our needs forrapediyer gy c
declining fossil resources?

How can an increase in mobility and economicaaaement be ensured while at the same
time bringing about a decrease in energy consumption?

What can be done to avoid traffic congestion and yet continue developing an urban life
worthy of living through the employment of green areas and open spaces?

How should buildings be constructed with all modern conveniences in the City of the
Future while at the same time reducing their carbon footgirit?

Beuth University is a college directly preparing their students to further the development of
cleantech in teir communites They partner witltompanieghrough their ceop program where

students are able to gain work experience through big name companies like Audi, Burger King,

and Deutsche Bahfi! BeuthUniversity connects this cleantech minded talent with industry in

the aredo accelerate thachievenentoft he ci ty6s sustainability goa

Between the STEM talent available in Adlershof, the innovation and entrepreneurship resources
at Humboldt Univerisy, collaboration with industry in multiple methods, and a school dedicated

to preparing the city for a sustainable futures thniversities within Berlin aranirreplaceable

asset to its creation asaccessful global cleantech hub

The Re3Jeanaoafgl e

The Research Triangle region of North Carolina, often called the Triangle, is widely recognized
as a center of innovatioand progressiveculture in the state. Th&esearch Triangle contains
multiple municipalities, butach ofthe Triangl® three verticesincludes amunicipality and atop
ranked university: Chapel Hill is proud to be centered around the University of North Carolina at
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Chapel Hill, Durham is home to Duke University, and the state capital of Raleigh is where North
Carolina State Uersity is located.

Theregion is well on its way to becoming a leadecleantechand sustainability, thanks in part

to many statdevel policies.The solar industry in North Carolinleas been propelled by an
aggressive renewable energy portfolio standdnel state has mandated that by 2020, 12.5% of all
retail electricity salewill come from renewablenergiesin fact, North Carolina is the only state

in the southeaswith a renewale portfolio standardAdditionally, until December 2016, North
Carolina also offered a state tax credit30% for renewable energy installatiohhese two
surprisingly progressive sustainability policies have allowed North Carolina to be ranked second
in the nation for installed residential sol#f.

Much of t h @eveldpmendnnrecéne yiears can be attributed to its ripigrowing
population Thepopulation in the RaleigburhamChapel Hill area tripleth the 40 years between
1970 and 2007> According to the Census Bureau, eight of the twdivg fastestgrowing
municipalities in NC in 2015 welecatedin the Triangle. This trend has brought about significant
economicgrowth and has contributed to theceleratingpace of innovationAdditionally, the
populationin the area is relatively youngvith a median age of 36, romising acontinued
workforce and economicgrowthint he r e g i oHoveser, demographie diversity is
relatively low when compared to other cleantech hubs: 59%eqgidpulation is white, while 22%

is black, and only 11% is Hispari.

When analyzing which trends and characteristic attraclbgementioneddemographics to the

Triangle, the surrounding higher education institutes influence becomes apparetotiizipigh
concentration of top ranked universities in the region, the population of the Research Triangle is
among the higly educated n t he nati on. Over half of the p
degree, which is 1.4 times the national averagel 17% of the population has a graduate
degree™ It is no surprise that Raleigh and Durham are ranked two and three, respectively, as
iMost Educated Citie&iin the U.S.0 by NBCNews

In addition to its highly educated population dadorablestate polices, the region also enjoys an
attractivebusiness climat& he low property tax rate of 1.9®andlarge amount of available space

for urban and suburban growdbpportincreased development in the arAacorporate tax rate of
just3.0% is attractive tdusiness, and a lower than average cost of living can attract and retain a
professional workforc& While there is not a particularly strong network of public transportation
(although a lightail projectis in theengineeringstages), the average commtitee is only 26
minutes.™ One of the most attractive elements to prospective businesses, however, is the
Research Triangle Park.

Research Triangle Park

One of the Triangle regionds gr eaAtegl@0dacrass set s
this unincorporated district the largest researgbark in the United Stategith over 22.5 million

square feet of built spaée”
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Originally, the Research Triangle Park (RTP) was crelayetithe state governmeint an effortto
revitalize North Ca asmhificantpodtyvareé e omeang/ e i inn | ti lgdr t s te
and tobacco industry. The original visionaries accredited for credtedR TP are Brandon

Hodges, the state treasurer of North Carolina (and latergor) Robert Hanes, the president of
Wachovia Bank and Trusand Romeo Guesg Greensboro buildemNotable RTP pioneerare
Chemstrand Corporation, the figdmpanyto join the park in 195%he National Environmental

Health Sciences Centeand International Business Machines (IBM). All threempanies
significantly contributed to the economy of the region and the success of the Research Triangle
Park™i |t was not only government and industry contributing to the growth of the park, however.

UNC sociology professor, George Simpson, promoted the park and met with over 200 companies

in order to develop the groundwork for a tdwsed economi“i The presidents of Duke
UniversityandUNC-Chapel Hill also collaborated witheRTPt o0 c r e awiet fai m ptalmeé& p a
officially known as the Triangle Universities Center for Advanced Studies™indhis
substantiallyincreasedu ni ver sity i nvolvement in the RTPOGs
State University has a much more significant role with the RiBRs business school, Jenkins

MBA is located in the park>

Currently, heRTPis hometo 250 companies and emplayger 3,000people A staggering

3,256 patents have beawarded to RTP researsinceits creation, averaging taround50

patents per year. Additionally, 245 company startups haee foundeatthe RTP andL,970
trademarkshave beemeceived for eartech product& Microelectronics, telecommunications,
biotechnology, chemical development, pharmaceuticals, renewables, and environmental sciences
are all fields of expertise found the RTRP According to Susan Sanforlxecutive Director of

of the population has at least a
500/0 bachelor's degree -- 1.4x the
national average
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the Researchiriangle Cleantech Cluster (RTCGhreehistorical industrialvaveshave

influencedthe growth and focus of thBRTP: Informational Technology.ife Sciences, and
CleantechStarting with thenitial push towards Information Technology in the 1950s, the RT

worked to keep up with the technological trenfishe time period. A trend towards Life

Sciences most I|ikely mirrored the neighboring
matter. For example, UNC h a p e | Hi Il Il 6s 1 ncr eayimioapiologg,l e i n c
medicine and biostatistits’ coincided with thetife Science era ahe RTP Finally, the
significanttransitiontowards clean technologissipportds he RT P 6 suttiggedget f or
researb. The cleantech conversation is not only centemre@nvironmental protection, but also

on economic profitabilitycleantechappears tavhere the market is head@tlith an increasing

demand for cleantech, this field will continue to grow in this region, propelled by resources and
assets unique to the Tnigle.

What really defines the Triangle region is not the Research Triangle Park or favorable tax rates; it
is the cluster of toptier universities. These institutions hage unmistakableimpact on the
workforce and economy of theregiannd ar e certainly the areads ¢

Research Triangle Universities

The University of North Carolina &hapel Hill

The University of North Carolina at Chapgeill (UNC) is a public research university located in
Chapel Hill, North Carolina. UN@ationallyranks 30th amongll universities and boasts a 90.1%
graduation rat&ii UNC has 18,862 undergraduates, 11,049 graduates, 8,765 staff, and 3,887
faculty."V The university ranks 5th in top public universities @inelKenan Flagler School of
Busines ranks 7th nationall*v 82% of UNC students are from North Carolit®" The
university has 77 undergraduate major programs, 111 graduate degree programs, 65 doctoral
programs and 6 professional degree programs. Biology, Journalism, Exercise Sports Science and
Economics are among the top undergraduate programs at the uniVetgity

Research

UNC is the 11th largest research university in the nation with over $1 billion in funding. It ranks
6th nationally in federal research. Out of all research carried out in the UNC system, 61% comes
directly from UNC™ii There are 15 research labs, 15 research institutes, and 36 centers for
research. In 2015, UNC created the Office of Entrepreneurship and Economic Development to
foster support and funding for students, facudtyd staffwho have inventions and technolegi

that could make it to the mark&t* The office also secures external partnerskifib various
industiesand businessin order to bring UNC research to market. In addition, the office ®ster

an innovative startugenvironment. Theyrovide training, nentorship,funding, andassistance

with securing incubator spacéhe Corporate and Foundation Relations and Talent Management
Office encourages collaboration between the university, corporateone foundations. This
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touches on thé&riple Helix Model that pairs the
university with businesses in order to create
meaningful partnerships that benefit both
parties FromUNC researchalone 74 products
e went to markein 2017>¢

Entrepreneurship
W i While UNC prides itself on its research and
16 startups nationally reognized liberal arts education, the

have come out of UNC research,

patents and

receiving universityalsoplaces a great deal of emphasis
PO RARRED: on entrepreneurship and business education.
i 11TH With the Kenan Flagler Business School
ranking 7th nationally among all business
- FOR ANNUAL programspne ofU N C ¢og priorities ishonirg
N RESEARCH OUTPUT? in on programs to help the business school
58% ) xew " continue to flourish* The school has an

entrepreneurship concentration for the MBA
programs, which rark8" nationally by U.S.
BEST COLLEGE VALUE - News and World Repoi‘f” Additionally,
AR Chapel Hill rank 5 nationally for the best
cities for entrepreneurs by Livabilit§"

UNC has created and partnered with several
entities to create 4 entrepreneurial initiatives that fosthriging startup ecosystermhe Office
of Commercialization and Economi@evelopmat helps with these initiatives and connects
innovators with investors and other resources. The office is also responsible for the creation and
maintenance of industry partnershi@gnnectinguniversity research and startups with industry is
a key link toa successful region. UNC has strategic partnerships with Glaxo Smith Klein, Eastman,
and iRODS Consortium, which is operated by REXCBtartup UNC is a program that offers a
number of classes to help students and faculty launch commercial businessesia@ngntures.
Since 1999, the program has stdrdver 60 new businesses and nonprdfits

The second program, Launch Chapel Hill, is a business accelerator program that was created
through collaboratiometweenJNC, The Town of Chapel Hill, Orange County and Chapel Hill
Downtown Partnership. The programasts22 weeks and includes mentorship from one of three
entrepreneurin-residence. These entrepreneurs have had success as founders and leaders of
multiple gartups throughout their careers. Launch atstnects startups with experts in marketing,

legal, accounting, and businesids, and oftentimes these services are pro bono or offered at
preferential rates. Additionally, Launch offers collaboratifiice space at an affordable rate to
provide meeting spaces fstartupse
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The Small Business and Technology Development Cengédrusiness and technology extension

of UNC and is administered by NC State. The center provides management and educational
resources to young businesses free of charge. 1789 Venture Lab is a central hub for upcoming
entrepreneurs. The lab offers free workspace as well as free mentoring and is located in the heart
of downtown Chapel Hill* The last initiative is Innovate Caiod, which aims to embed
innovation into the teaching and research realms at UNC. From this initiative, UNC has established
Be A Maker(BEAM) Spaces in 3 campus locations. These spaces have 3D printers and metal and
woodworking shops providing students wh resources and training to create their own
products<Vi

Graduates

UNC conducts a yearly survey in order to gauge vgnatiuatingstudents will be doingost
graduation. Of the students surveyed in 2016, 72.4% were employed within 6 months of
graduation Another 22.2% were planning to continue their education. Of those continuing their
education, the most popular education paths were arts and sciences, medicine, law, and accounting.
The overall success rate of the class of 2016 was 95.8%. Graduates tenthin on the East

Coast with 81% staying in this region for either career or education opportyrbte®nly58%

of UNC graduates remain in North Carolina after graduation

Duke University

Duke is a private research university located in Durlideonth Carolina. Duke rankh amongall
universities in the United States and prides itself on its 94.5% graduatidnTtedPratt School

of Engineering also ranks 20th nationally and encompasses civil, biomedical, mechanical,
electrical, environmentadnd computer engineering. Othaghly regardedschoolsat Duke are

the Fuqua School of Businesthe Nicholas School of the Environment, atie Sanford School

of Public Policy. Duke has 3,637 facuylt§,532 undergraduate students, and 8,660 graduate
stucents. Thanost populamajors are public policy, economics, biology, biomedical engineering
and computer science. The majority of students are from North Carolina, California, Florida, New
Jersey and New York 34% of all students remain in North Carolina after gradu&tiohu k e 6 s
alumni network consists of 167,4&umniall around the world and has a median age of 47
years®"

Research

Duke ranks 10th nationally in research with $1.055 billion spent on R&DIE Of these
funding expenditures, approximately $500 million comes from government agénhtiéth top
tier medical and engineering schools, a great deal of researetgedrom Duke. In 2017, 315
products were brought to markatd85 patentsvereissuedthrough research at Duké

Duke has 11 research centers and institiNetable examples includbe Global Healthinstitute

and the hformationlnitiative at Duke In addition, the Fuqua School of Business has 5 research
institutes that delve intdusinessspecific research The Center for Entrepreneurship and
Innovation serves to connect Fugua with businesses that are known-fast¢bpresearch and
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innovation. The institutiod s competitiwve
environmenimakesit one of the top innovation DUKE
and entrpreneurship centers nationally. TF

Center separates itself from other cente

t hr ougvth cord@ ideas: a strong i s
interdisciplinary research foundation, and 315
multifaceted integration of research, teachir fucts o marko
andpractice&' Through this center and other 85

at Duke, startup companies in 2013 were al i

to contribute$69.3 million to regional income 11 startups?

which is equivalent to 29jpbs Vi

RANKED 9TH

The Pratt School of Engineering has work bt colversioy
diligently to connectuniversity engineering the oations
research efforts to industry. The program

Pratt puts students in contact with top 11111
corporations through internships, fairs, al  FORANNUALRESEARCH
research sponsorship. The MEDXx initiativ R
fostes collaboration between engineering at

medical research conductatiDuke in order to

createa strong network that produsdeading research in these two fields. Pratt Schobl
Engineering had 7 new startups, 37 patents, and 18 new license agreements from inwentions
2017 along'™

Entrepreneurship

There are numeroysograms that foster innovation and entrepreneurship at Duke, which has led
to many success stories. There are also a number of entrepreneeliatieip degree tracks as well

as classes. Trinity School of Arts and Sciences offers a certificate in engegsleip and
innovation Fuqua School of Business has an entrepreneur and innovation concentration as well as
a social entrepreneurship concentration for the MBA progfanford School of Public Policy

has the Hart Leadership Program and the Social Eetneprship and Policy Initiatiy®uke Law

School has an entrepreneursfopused prograrand Nicholas School of the Environment has the
Environmental Certificate in Innovation and Entrepreneur$hip

In 2017 alone, Duke had 11 startups, 7 of which caxa&usively from Pratt School of
Engineering. $1.2 billion has been raised in private and public financisgaftus at Duke over

the last 10 years and has led to the creation of 74 new companies and 5 initial public offerings
(IPO).% The Duke Innovation and Entrepreneurship Initiative is housed in Downtown Durham
in a building known as the Bullpen. The Bullpen providesourcesor entrepreneurdncluding
working space. The Innovation and Entrepreneurship Initiative is also redpdosithe creation

of the new Duke Incubation Fund. The fund is designed to provide awards of up to $20,000 for
novel ideas that have potential to create new compauied nonprofits and bring products to
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market™ The Duke Angel Network is another gteasource for entrepreneurs, which is designed

to connect the Duke Alumni network with the Duke entrepreneurial world and secure investments
for these ideas. To qualify for this program, the investors and the entrepreneurs need to be Duke
alumni

Graduaes

The starting salary for a Duke graduate is $62,700. In 2017, 1,668 students graduated from Duke.
A postgraduation survey was conductedh a58% response rateéOf the respondents, 7286e

taking a fulltime position, 21%are continuing their educatig 3%areplanning to take time off

to travel, 2%are undecided and 2%re starting their own business. Of those continuing their
education immediately after graduating in 2017, 3&% pursuinga masteis degree, 29%re

going to medical school, 20%egetting their Ph.D., and 12%regoing to law school. The top
industries employing th€lass of 2017 were finance, computer technology, business, science and
research, biotegland engineering®

North Carolina State University

North Carolina State Univatg (NCSU) is the largest fowyear college in North Carolina with

roughly 24,000 undergraduate students. Ranketil®1the US News & World Report, the
university has 300 undergraduate and graduate degrees in 65 departments. The most popular major
is engineering, making up 27% of the undergraduate popul&tion.

One thing that makes NCSU stand out from its regional peers is its Cooperative Education (co
Program. This unique program allows students to gain valuable experience in the field by
alternating their full-time academic load with futime employment. Not only does this
provide students with industry experience, liudlso provides partnered employers with talented
labor® Over the pasi5 semesters, theumberof students who found their aap experience
Afvery hel pf ul 4imeijob has steadilybeem godda@a¥ u | |

Research

North Carolina State University is ranked fifth in the nation for indesprgnsored research,

boasting nine federaljunded publieprivate partnerships, including two National Science
Foundation research centers. The university has received more than $400 million for new
sponsored research,ahdd s r anked sixth nationwide for Acon
unives i ty researcho, thanks in part to the stre
have been issued for research coming from NCSU, and more than 575 products have been brought

to marketVi

NCSU is one of only two universities in the nation withot®WSF research centers. The
Nanosystems Engineering Research Center for AdvancedP8elred Systems of Integrated
Sensors and Technologies (ASSIST) researches wearable health monitoring nanotech sensors that
derive the energy for their functions from theman bodyThe goal of the center is to develop
ultra-low power sensors arfthssincedeveloped three: one that monitors asthmatic breathing and



air quality, one thattests glucose levels
through sweatand one that monitors the
cardiovascular  system. The  Future
Renewable Electric Energy Delivery an
Management Systems CentéfFREEDM)
Center directs its NSF funding towar
researching fAan | mg
can handle bidirectional energy flow ar
integrate larger percentages of renewal
enegy sources- and the pieces that make
work.0®™ Both of these impressive resear
centers are examples of a Triple Hel
configuration: collaboration between th
government, academia, and private indus
to bring about revolutionary innovation.

In addiion to their NSF research center
NCSU is home to seven federaflynded
public-private partnership researc
endeavors. These centers investigate clim
change solutions for southeastern farme
nuclear nonproliferation, advance
electronics manufactung, modern nuclear
reactors, big data analytics and new
manufacturing technologies.

Entrepreneurship

28

125 t t IN THE NATION FOR
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t hat

Although engineering and research are certainly a highlight of both the academia and culture of

NC Stat e, t he

uni ver si t eneaidl £cosystem.phe @nograsns, a

spaces, competitions, and resources available to NC State students have contributed to the

institutionos

success

as a hub of [

nnovati

taking place at NGtate generatings1.6 billion in venture capital funding and creating $1.2 billion

in added incomé&*

NC State has multiple physical spaces on campus for student entrepreneurs, including multiple

AMaker spaceso with

3D

printing

ansgr cgtmgg ani ng

Materials Lab with woodworking and metalworking tools; the eGaraggame lab featuring
technologies and tools for software development; and the Entrepreneurs Village, an experiential
dorm community for student entrepreneurs that providesjue immersive resources and

opportunities. The university also

leverages its

location

in downtown Raleigh.

The

Entrepreneurship Clinic, run out of awmrking space in the city, offers students a chance to work
with faculty and industry partners to selveaiworld problems for class credit!

str

on.



29

The university understands the necessary linkage between successful research and successful
entrepreneurship and capitalizes on its resources to provide for both through various collaborative
programs. TheEngineering Entrepreneurs Program provides innovative entrepreneurship
education to seniors in the College of Engineering by simulating the process of conceptualizing a
new product, creating it, and bringing it to mark&tThe MBA pr ogr amdos Pr odu
Lab was | isted among Forbesd ten most i nnovat
the Poole College of Management, the College of Design, and the College of Engineering provides
students across a range of disciplines with the challengedfgtrideation and development.

Graduates

According to a survey conducted each semester on plans of recent graduates, a majority (between
45 and 65 percent) of NCSU students remain in the Triangle after graduation. Roughly one (1)
percent of graduates (around-2® students) plan to start their mWusiness each semester. Since
December of 2012, the number of students graduating with-eirmidljob has been greater than

the number seeking employment, and the highest employed major is consatgimtgering>



Tablel: Cleantech Hub Metric Comparisons

30















