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Nanotechnology in the United States

* Firms:
— US firms capture approximately 30% of total global
revenue in products incorporating emerging
nanotechnology

— Strengths:

Table 1: Emerging Nanotechnology « Healthcare/life sciences
Revenues by Region, 2004 .
* Electronics/IT

Rest of World

7% us. — Key firms:

29%

 Divisions of larger firms:
GlaxoSmithKline, IBM,
Kraft, BASF

« Smaller firms: Nano-Tex,
Liquidia, Altair
Nanotechnologies

Asia/Pacific
41%

23%

Source: Lux Research (2004)



Nanotechnology in the United States

* Financing:

— Federal government (National Nanotechnology
Initiative/NNI): $1.4 billion (2006), expanding to $1.5
billion by 2008

— State/local government: $430 million (2006)
— Private sector spending: $1.9 billion (2006)

 Patents/IP:

— 43,000 patents since 1995 (more than 18,000 patents
ahead of second-place China).

— 6,801 international patents in 2006 (nearly 70% of the
total)



NC Nanotechnology Industry Facts

Small Times (2005) ranked NC in the top 10 regions in
the US for nanotech research

NCSU & UNC-CH ranked in top 10 in industrial outreach
In nanotechnology

NCSU, UNC-CH, and Duke rank in top 100 institutions
nationwide based on total funding awarded in
nanotechnology

Between 1995-2004, the NSF awarded 139
nanotechnology grants to NC researchers

— Funding totaled more than $53 million

More than 250 nanotechnology patents were issued to
NC assignees between 2003-2005

Source: Jackson, Paroza, Juliano, Gonsalves, & Tindall (2007). Nanobiotechnology in North Carolina



What Is the nature of the
nanotechnology industry in North
Carolina?

What are firms actually doing?



Nanotechnology Value Chain

Technologies Profiled Across the Value Chain

MNanomaterials Hanocintermediates Manc-enabled products
mﬁ.:];us::;hh Inlr-.'_'rrnr-n:l ale Finished goods
unprocessad = - incorporating

form featuras nanotechnology
* Carbon nanotubes * Nanocoatings _ + A highyolume consumear truck
: %:ﬂrrﬁers ke : Mano-enabled {laanushl::l: Ry TR E
= Fullerenes * Nanoenabled displays * The course of treatment for
* Matal nanoparticles * Manoenabled drug delvery  breast cancer
* Nanoporous materials systems
* Nanostructured metals + Manoc-enabled memory
* Nanowires * Nano-enabled solar cells
* Quantum dots = Nanosensors
+ Nanotherapeutics
Nanotools
Capital equipment and software used
to visualize, manipulate, and model
matter at the nanoscale
*+ [nspaction tools
+ Fabrication tools
= Modeling software

Source: Lux Research (2006)



North Carolina Nanotechnology Value Chain

Optotrack Alnis

Xintek Umicore

Asklépios
Hexatech

NanotechLabs
Pharm Agra Liquidia

Nanolume  QuarTek

Materials Analytical Svc.

RTI
Appealing Products
Nanomaterials Nanointermediates Nano-Enabled Products
(14) (13) (7)

anotools
(15)

Source: Gereffi, Frederick, & Ong (2007). Nanotechnology In North Carolina Presentation



Time Horizons for Major Nanotech Industries

Healthcare and

Manufacturing
life sciences

and materials
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instrumants st
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materials
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Embxeddad
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Source: October 2004 Lux Research Report “Sizing Nanotechnology’s Value Chain”



North Carolina Nanotech Firms and Industries

Materials &
Healthcare

All
15%

Optotrack

. aterials &
Tiny Tech. MTnufacturing
Sensory Analytics 35%

3rdTech NanoTech
Int’l Tech Center

Healthcare & Lif
Sciences
21%

Electronics & IT
23%
Source: Gereffi, Frederick, & Ong (2007). Nanotechnology In North Carolina Presentation



Emergence of Nanotechnology in the
U.S. South

« Study focused on the potential of the U.S. South
(13 states) to develop a viable nanotechnology
industry

* Ten indicators in four areas:
— Knowledge generation
— Human capital
— R&D funding
— Patenting

Alabama, Arkansas, Georgia, Kentucky,

Louisiana, Mississippi, Missouri, North

Carolina, Oklahoma, South Carolina,

Tennessee, Virginia, & West Virginia Source: Youtie & Shapira (2008). Forthcoming in The Journal of Technology Transfer



Findings:

» Overall findings: U.S. South has little
potential to develop nanotechnology
iIndustry except for a few clusters:

— Research Triangle Park, NC
— Atlanta, Ga
— Oak Ridge, TN
— Virginia
* North Carolina, driven by RTP region,
ranked the highest on all 10 indicators



South (% of US) | NC Ga TN Va

1. Nano Publications 5,604 (20.2%) 1,134 | 836 826 797

2. Institutions with 3+ 67 10 6 6 11

primary researchers

3. Co-authorship 33% (in U.S.)

linkages 18% (world)

4. Highly-cited 111 (18.2%) 30 24 14 11

researchers

5. Editors of nano- 21 (10.3%) 5 4 1 7

related journals

6. Doctoral dissertations | 577 (15.9%) 125 95 39 72

7. Prize winners in 9 (8%) 4 4 0 1

nanotechnology areas

8. NSF awards $337.4 million $53.4 |$33.8 $26.1 | $36.8
(17%)

9. SBIR/STR awards $77.9 million $6.8 $6.5 $5.4 $41.7
(15.6%)

10. Patents 1,015 (8.5%) 214 145 120 182




Challenges and Opportunities
for Nanotechnology
iIn North Carolina



Strengths & Weaknesses of NC to form
Nanotechnology Industry

Strengths Weaknesses
1)  An established emphasis 1) Lack of strong linkages to
on enabling technology critical US centers in
industries: biotechnology California and the Northeast
& information technology 2) Relatively weak in patenting
2)  An existing 3) Not fully capitalizing access
manufacturing base to strong research

universities and centers

3) Strong university 4) Smaller regional capital
infrastructure pools and private R&D are
4) Local support also limiting factors in the

(government) South



Challenges & Opportunities

1) Lack of access to early-stage capital, especially
for companies in the research phase

— State government could act as venture capitalists to
overcome market failure in capital market

2) Lack of access to university equipment & facilities

— State could provide incentives to universities through
public/private centers for excellence for sharing capital
equipment and facilities with nano companies

3) NC university nanotechnology programs do not
have significant industry collaborations

— NC A&T and nCoat, Inc. have established a technical
collaboration agreement for nano-based materials

Source: Bozeman, Hardin, & Link (2007). Presentation at the 2007 Tech Transfer Society Conference



Challenges & Opportunities (cont’d)

* Develop guidelines to manage potential risks of
nanotechnologies

— ldeal research agenda for NC universities due to
diversity of programs

— DuPont and Environmental Defense have already
established useful guidelines

 Build on unigue combination of research
universities, existing technologies, and historical
dominance in manufacturing



Importance of Existing Technology
Emphasis: Existing Technology Firms

Nanotechnology Companies and
High-Technology Companies

Legend

Nanotechnology Companies
IHigh-Technﬂlngy Cluster Companies (4,497 total)
Major Cities (>50,000)

Source: Board of Science and Technology: A Roadmap for Nanotechnology in North Carolina’s 21st Century Economy, 2005



Importance of Universities/Research Centers

University Centers/Institutes Focusing on Nanotechnology
in North Carolina (30 known)

Nanotech Centers/Institutes

Nearly 50% (23 of

+ 1 Nonotech Center/Inslitute (Wake Forest)
® 2 Monotech Centers/Institutes [UNC Chadotte)

@ 3 Nonotech Centersnstites (Duke) 48) companies
@  Nonotech Centers/institutes (NC A&T) : identified as Working
. & Nanotech Centers/institutes [UNC Chapel Hil with nanOteChnO|Ogy
were originally
affiliated with local
universities

. 11 Manotech Centers/Institutes [MC Stale) A Major Cilies (>50,000)

Source: Board of Science and Technology: A Roadmap for Nanotechnology in North Carolina’s 21st Century Economy, 2005



Policy Framework - Outlined in Roadmap:
NC’s Technology-Based Economic
Development Approach

}Jblitllnders.landing ENVIRONMENT Public Understanding
Public Leadership Public Leadership
Innovative Innovative E[;:;:‘E Economic
Technologies Development
L ! (New & Enhanced) P
lInputs] [Outputs] [1"-Order Outcomes] {Z"-Order Outcomes]
Research & Development Commerdalization Education & Workforce”
«Funding » Funding = Funding
« Facilities & Equipment » Facilities & Equipment » K-16 Education System
*Researchers « Industry-University Nexus » Industry Training
» Policies » Policies = Policies
* Culture & Goals of Research » Culture & Goals of Commer- » Culture & Goals of Education/
& Development Organizations cialization Organizations Training Organizations

Source: Board of Science and Technology: A Roadmap for Nanotechnology in North Carolina’s 21st Century Economy, 2005



Key Elements Directed Toward
Mobilizing & Equipping NC to Advance
the State’s Nanotechnology Economy

Establish NC Nanotechnology Alliance

Establish multiple centers of nanotechnology
excellence at NC’s universities based on
strengths of universities

Establish a not-for-profit nanotechnology
“iImagineering” group staffed to identify
emerging nano opportunities

Create website

Convene an annual NC Symposium on
nanotechnology



6) Ensure nanotechnology is explicitly considered
in education and workforce development

7) Strengthen teacher knowledge of advances in
nanoscale science

8) Integrate info about nano into the NC
Biomanufacturing and Pharmaceutical Training
Consortium

9) Exp
hea

icitly integrate the environmental, ethical,
th, legal, safety, and other societal

imp

ications of nanotechnology into the public

discourse

10) Emphasize education of policy makers, the
public, the business community, and the
scientific community on issues related to
nanotechnology



Importance of State/Local Support

{ L nanatechnology

| Home | Eoadmap | Abosd Nano | Mews | Everts | Feahwes | Companiss | Unesrsities | Basobindo | Links

A Roadmap for
Nanotechnology

in North Carolina’s
21" Century Economy

Findings and Strategic Imperatives
of the Governor's Task Force on
MNanetechnolegy and

MNorth Carolina’s Economy

March 2006

Events
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NANOTECHNOLOGY
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www.nchano.com

www.ncnanotechnology.com



Thank you for your attention!



