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NNI INFRASTRUCTURE & FUNDING


Moderator: Minoo Dastoor (NASA)


Short statements:
Mike Roco (NSF funding)
Marty Fritts (NIH funding)
Dianne Poster (NIST funding)
Bill Mullins (DOD funding)
Stephen Streiffer (DOE research centers)
Krish Mathur (DOEd activities) 







Investments (search all projects and abstracts on www.nsf.gov/nano):


– Fundamental research (discovery, innovation)  - by 8 PCAs 
– Establishing the infrastructure - over 4,000 active projects; 9 networks including     


26 large centers, 2 user facilities (NNIN, NCN),  multidisciplinary teams
– Training and education –


 


over 10,000 students and teachers/yr
– Translational research and education: PFI, IUCRC, SBIR, STTR


Fiscal Year NSF
2000 $97M
2001 $150M
2002 $199M
2003 $221M
2004 $254M
2005 $338M
2006 $344M
2007 $373M
2008 $389M
2009      $397M
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NNI Infrastructure & Funding: NSF 
FY 2009 $397M    
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NNI Infrastructure & Funding: NSF 
‐


 
reference slides


NSF Program Notations 
• NSF – Core: all NSF research directorates cover nanotechnology in their topical programs


• NSEC      – Nanoscale Science and Engineering Centers
• NSEE      – Nanoscale Science and Engineering Education networks (NCLT, NISE)
• STC         – Science and Technology Centers
• GOALI     – Grant Opportunities for Academic Liaison with Industry 
• MRSEC   – Materials Research Science & Engineering Centers
• NCN        – Nanotechnology Computational network
• NNIN       – National NanoInfrastructure Networks
• MRSEC   – Materials Research Science and Engineering Centers
• NRI         – Nanoelectronics Research Initiative
• ERC       – Engineering Research Centers


• PFI       – Partnerships for Innovation
• I/UCRC – Industry/University Cooperative Research Centers
• STTR    – Small Business Technology Transfer
• SBIR – Small Business Innovation Research


MC. Roco, 3/ 2/ 2009







Nationwide Impact


Nine Nanoscale Science and Engineering      
networks with national outreach


Nanotechnology Center Learning and Teaching (2004-) 1 million students/ 5yr
Center for Nanotechnology lnformal Science Education (2005-) 100 sites/ 5yr
Network for Nanotechnology in Society (2005-)  Involve academia, public, industry
National Nanomanufacturing Network (2006-) 4 NSETs , DOD centers, and NIST
Environmental Implications of Nanotechnology (2008-)  with EPA


Network for Computational Nanotechnology (2002-)  > 80,000 users/ 2008
National Nanotechnology Infrastructure Network (2003-)  4,600 users/ 2008


NSEC Network (2001-)  19 research & education centers 
MRSEC Network (2001-)  6 new research & education centers since 2000 MC Roco,


3/ 2/ 2009


TOOLS


TOPICAL


GENERAL RESEARCH AND EDUCATION







Electron Transport in Molecular Nanostructures, Columbia 
Nanoscale Systems, Cornell 
Directed Assembly of Nanostructures, RPI 
Science for Nanoscale Systems and their Device Applications, Harvard 
Institute for Nanotechnology, Northwestern 
Biological and Environmental Nanotechnology, Rice 
Scalable and Integrated Nanomanufacturing, UCLA 
Nanoscale Chem-Electr-Mechanical Manufacturing,  U Illinois-Urbana Champ.
Integrated Nanomechanical Systems, UC Berkeley 
High Rate Nanomanufacturing, Northeastern
Affordable Nanoengineering, Ohio State 
Molecular Function at the Nanoscale, U Pennsylvania 
Probing the Nanoscale, Stanford  
Templated Synthesis and Assembly at the Nanoscale, U Wisconsin
Nanotechnology in Society Network (2),   ASU, UCSB   
Network for Hierarchical Manufacturing, U Mass-Amherst
Environmental Implications of Nanotechnology (2), UCLA, Duke


MC. Roco, 3/ 2/ 2009


NSEC network 
Nanoscale Science and Engineering Centers (NSEC) -19 


http://www.nsecnetworks.net/



http://www.nsecnetworks.net/





National Nanotechnology Initiative 
activities at NSF in FY 2009


Current plan budget (except SBIR/STTR): $397 M    (www.nsf.gov/nano)





 


Current program solicitations
- Nano-EHS with EPA, NIOSH and EU                            
- Nanotechnology Undergraduate Education (ENG and EHR)





 


Research, education and infrastructure programs in all directorates 
Support in the unsolicited and solicited programs               
with focus on single investigator, teams, centers
Interdisciplinary fellowships;   NSEC, STC, MRSEC and ERC centers                           
Instrumentation (MRI, others); Network for Computational Nanotechnology;                   
National Nanotechnology Infrastructure Network; Nanoscale Informal Science and 
Education network; Collaboration industry (GOALI, PFI, I/UCRC)  
Interagency collaborations: Manufacturing, Societal Implic., EHS, . . . 


SBIR/STTR (additional ~ $17 M/year)


MC. Roco, 3/ 2/ 2009







Harnessing the Power of Nanotechnology 
for Human Health 


at the
National Institutes of Health


Regional, State, and Local Initiatives in Nanotechnology
NNI nanoRegional Workshop


02 April 2009







NIH Mission
NIH is the steward of 
medical and behavioral research for the US.


Science in pursuit of
• fundamental knowledge about the nature 


and behavior of living systems. 
• application of that knowledge to prevent, detect, diagnose, 


and treat disease and disability. 







Expanding the NNI EHS Research Framework to 
Encompass the NIH Mission
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Nanotechnology at NIH Enables New 
Biomedical Solutions
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NIH Protects Public Health Through Safety Research: 
Current NIEHS Portfolio
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• Challenge Grants in Health and Science Research (RC1)
– Goal: develop methods to evaluate the health and safety of nanomaterials 


(physical and chemical characterization and biology)
– Two years, not to exceed $500K total costs per year
– Receipt date: 04/27/2009


– http://grants.nih.gov/grants/guide/rfa-files/RFA-OD-09-003.html


• Grand Opportunity Grant Program in Engineered Nanomaterial 
Environmental Health and Safety (RC2)
– Goal: develop reliable and reproducible methods and models to assess 


exposure, exposure metrics, and biological response to nanomaterials.
– Two years, not to exceed $600K total costs per year
– Receipt date: 05/27/2009
– http://www.niehs.nih.gov/recovery/nanomaterial-go.cfm


American Recovery and Reinvestment Act: 
NIH Funding Opportunity Announcements 


for Nanomaterials


Contact: Srikanth Nadadur, Nanotoxicology Program Administrator (nadadur@niehs.nih.gov)



http://grants.nih.gov/grants/guide/rfa-files/RFA-OD-09-003.html�
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Regional, State, & Local Initiatives in Nanotechnology, Oklahoma City, OK 
April 1-3, 2009  


Nanotechnology at NIST: Maximizing the Benefits and Minimizing 
the Risks of Nanotechnology 
NIST develops measurements, standards, and data crucial to industry’s development of products 
for a nanotechnology market that could top $2.5 trillion within the next decade—or about 15 
percent of global manufacturing output. Worldwide sales of nano-enabled products approach $90 
billion. NIST is clearing technical obstacles to open the way for a range of prospective payoffs.  


More than 150 nanotechnology-related research projects are under way in the NIST laboratories. 
A few examples of where NIST’s nanotechnology research is leading are: 


• New measurement tools for ensuring the quality of nanoscale particles1, nanotubes2


• Powerful new 


, and 
other nanomaterials that will be the building blocks of new technologies. 


imaging3 and diagnostic tools that exploit the unusual properties of 
quantum dots and magnetic nanoparticles to “see” and “analyze” cancer4


• 


 and other 
diseases at the level of individual cells, enabling earlier detection and less invasive 
treatment with greater specificity. 
Nanowires5 only a few atoms across, graphene6


• Data storage devices that employ precisely controlled 


 films, and other nanostructured materials 
for future generations of computers, sensors, batteries, lasers, and more. 


arrays of magnetic nanoparticles7


• 


 
to achieve capacities that will dwarf those of today’s most advanced hard disk drives. 
Improved formulations of cement8


NIST participates in the federal government’s 


—that perform better and last longer through better 
nanostructure control. Improvements include reduced emission of greenhouse gases 
during production which accounts for 5 to 10 percent of global releases of carbon dioxide. 


National Nanotechnology Initiative (NNI), which 
coordinates nanotechnology-related activities of 25 agencies. NIST Nanotechnology-related 
efforts are aligned with seven of the NNI’s eight categories of research and other activities: 


Instrumentation research, metrology, and standards—This research area is NIST’s 
nanotechnology strong suit, a natural fit for an agency that serves as the nation’s measurement 
authority and its link to the international measurement system. NIST accomplishments in this 
area—ranging from measurement reference materials, to electron counters, to single-molecule 
measurements—contribute to nearly every nanotechnology-related pursuit. 


Nanomaterials—Engineering matter on the nanoscale makes it possible to tailor-make materials 
optimized for specific uses. To study these new materials, NIST is developing new instruments 
to probe their properties and three-dimensional atomic structures, and devising high-speed 
screening methods so that future “nanoengineers” can quickly evaluate their creations. 


                                                 
1 http://www.nist.gov/public_affairs/techbeat/tb2008_0108.htm#gold 
2 http://www.nist.gov/public_affairs/techbeat/tb2008_0513.htm#nanotubes 
3 http://www.nist.gov/public_affairs/techbeat/tb2007_0201.htm#magnets 
4 http://www.nist.gov/public_affairs/techbeat/tb2008_0219.htm#her2 
5 http://www.nist.gov/public_affairs/techbeat/tb2007_1025.htm#nanowire 
6 http://www.nist.gov/public_affairs/techbeat/tbx2007_0712.htm 
7 http://www.nist.gov/public_affairs/techbeat/tb2007_0119.htm#nanodots 
8 http://www.nist.gov/public_affairs/techbeat/tb2007_0330.htm#cement 
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Regional, State, & Local Initiatives in Nanotechnology, Oklahoma City, OK 
April 1-3, 2009  


Fundamental nanoscale phenomena and processes—NIST research contributes fundamental 
knowledge and theoretical frameworks to aid our understanding of nanoscale structures, 
processes, and mechanisms, pointing the way to new opportunities and future applications. 


Nanomanufacturing—NIST research is furthering the development of reliable, cost-effective 
methods for processing nanomaterials and for producing, assembling, and integrating 
commercially viable nanoscale materials, devices, and systems. 


Nanoscale Devices and Systems—NIST is developing measurement tools and methods 
necessary to improve and further miniaturize electronic, magnetic, and other types of devices and 
systems. NIST also leverages advances in nanotechnology to improve its measurement 
capabilities and services in a wide range of technical areas that underpin research and commerce. 


Environment, Health, and Safety (EHS)—NIST research and services are essential to 
minimizing the potential risks of nanotechnology while maximizing its intended benefits. NIST 
is the coordinating federal agency under NNI for EHS work on the instrumentation, metrology, 
and analytical methods for identifying and preventing risks posed by engineered nanomaterials.  


Major Research Facilities and Instrumentation Acquisition—NIST funds and manages 
facilities and a large assortment of world-class instruments, including custom-made equipment 
designed to tackle key measurement challenges. This collection of advanced tools is a valuable 
hub in the nation’s evolving science and engineering infrastructure for nanotechnology research 
and development. The centerpiece in this collection is a new shared-use facility, the NanoFab9


• $220 million for NIST laboratory research, measurements, and other services supporting 
economic growth and U.S. innovation through funding of such items as competitive 
grants; research fellowships; and advanced measurement equipment and supplies;  


. 
Established in May 2007, this nanofabrication and nanomeasurement facility includes a 19,000-
square-foot cleanroom featuring more than 50 state-of-the-art tools. The NanoFab is open to 
researchers on a cost-reimbursable basis, providing equipment, expert training, and flexibility. 


NEW FUNDING OPPORTUNITIES IN 2009 
The American Recovery and Reinvestment Act of 2009 (Recovery Act) was signed into law by 
President Obama on February 17, 2009. The Act includes measures to modernize our nation's 
infrastructure, enhance energy independence, and expand educational opportunities.  The Act 
provides a total of $610 million in funding to NIST, including: 


• $360 million to address NIST’s backlog of maintenance and renovation projects and for 
construction of new facilities and laboratories, including $180 million for a competitive 
construction grant program for funding research science buildings outside of NIST;  


• $20 million in funds transferred from the Department of Health and Human Services for 
standards-related research that supports the security and interoperability of electronic 
medical records to reduce health care costs and improve the quality of care; and  


• $10 million in funds transferred from the Department of Energy to help develop a 
comprehensive framework for a nationwide, fully interoperable smart grid for the U.S. 
electric power system.  


Applications for funding will be accepted once instructions are posted for specific competitions 
on the NIST website, www.nist.gov/recovery. 
                                                 
9 http://www.cnst.nist.gov/nanofab/nanofab.html 
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NNI Infrastructure & Funding
• Dept. of Energy Participation: see nano.energy.gov


– Nanotechnology Application Area: Energy
– FY07 $236M (actual)
– FY09 $311M (proposed) 
– Now includes Office of Science, Fossil Energy, and Energy Efficiency & Renewable Energy


• Dept. of Energy, Office of Science, Basic Energy Sciences
– Two support streams:


• Major Research Facilities & Instrumentation Acquisition: DOE supports major user facilities 
that are available to the scientific community free of charge for nonproprietary research, 
accessed by peer-reviewed proposal mechanisms


– Light Sources (ALS, NSLS, SSRL, APS, LCLS*, NSLSII*): 8492 users
– Neutron Sources (SNS, LANCE, HFIR): 770 users (includes 89 from IPNS, now closed)
– Electron Beam Characterization Centers (EMC, NCEM, SHaRE): 449 users
– Nansoscale Science Research Centers (CNM, CNMS, CINT, CFN, MF): 1278 users


(user statistics for FY08, from http://www.science.doe.gov/bes/users.htm)


• Fundamental Nanoscale Phenomena and Processes, Nanomaterials, and other Program 
Component Areas as secondary priorities. Direct support via DOE’s broad solicitation for the 
core program, occasional specific solicitations on particular topics, and through ongoing 
programs such as SBIR and EPSCoR


Streiffer, Argonne CNM, NNI nanoRegional Workshop 







NNI Infrastructure & Funding


• DOE through different program branches has developed a structure that supports 
discovery research and use-inspired basic research, through to applied research and 
technology maturation & deployment


• Office of Science Basic Energy Sciences supports discovery research and use-inspired  
research


• DOE Applied Energy Offices (EERE, NE, FE, OE, EM, RW,…. through programs such as 
Nanomanufacturing) support applied research, tech maturation and deployment


• New kid on the block: ARPA-E


• Pre-competitive and proprietary use of DOE facilities: a 
component of the path to commercialization


• Standardized pre-competitive institutional agreements that streamline access


– Don't have to get each individual user agreement cleared through DOE, as is generally 
necessary e.g. for CRADAs


• Light sources currently have approximately 3% proprietary use with cost recovery


• NSRCs welcome industrial users, either pre-competitive R&D or proprietary


• CNM had six industrial users in FY08 – plenty of room to grow


Streiffer, Argonne CNM, NNI nanoRegional Workshop 







NNI Infrastructure & Funding –
Department of Education 


Fund for the Improvement of Postsecondary Education (FIPSE)  in the Office of 
Postsecondary Education (OPE) provides a variety of grants. 


Purpose: Innovation in educational issues from teaching, learning, curriculum 
development, educational technology, etc to access, affordability and 
accountability. Grants by invitational priority, that is, open to all disciplines. 


Any number of awards can be made in the area of nano-education. 


Various programs under which these grants are made are:
• The Comprehensive Program: Open to all institutions of higher education (IHEs) in 


the U.S. – given to a single institution or to a consortium of institutions. Generally 
30 awards are made each year (Expected 100 in 2009).


• The Atlantis Program: Bilateral educational cooperation between IHEs in the U.S. 
and IHEs in the European Union. On average 12 awards each year. 


• The U.S.-Brazil Program: Bilateral educational cooperation between IHEs in the U.S. 
and IHEs in Brazil. On average 10 awards each year.


• North America Program: Trilateral educational cooperation between an IHE in the 
U.S., IHE in Canada and IHE in Mexico. On average 10 awards each year.


• The U.S.-Russia Program: Bilateral educational cooperation between IHEs in the U.S. 
and IHEs in the Russian Federation. On average 3 awards each year.







NNI Infrastructure & Funding –
Department of Education 


The DOEd grants support efforts from development stage through to 
implementation stage.


– Development and testing of new ideas


– Implementation of the new product (curriculum, pedagogy, educational 
technology, evaluation technique, etc) in the proposed programs


– Institutionalization in grantee’s institution


– Dissemination to other IHEs are important aspects(commercialization in 
educational sense)


From this perspective, and considering the small size of the grant funds, 
DOEd is primarily providing seed funding to support development of ideas 
that are novel but of importance to the educational community at large.







Minoo N. Dastoor, Ph.D.
Chief Technologist
IPP Office
NASA Headquarters


NASA and Nanotechnology


The NNI nanoRegional workshop
Oklahoma City, OK


April 2, 2009
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NASA & Nanotechnology


Benefits and Focus


• Reduce vehicle structural weight by a 
factor of 3


• Application Tailored Multi-functional 
Materials


• Thermal Protection and Management
• Reliable Reconfigurable Radiation/Fault 


Tolerant Nano-electronics
• On-board Life Support Systems


• On-Board Human Health Management
• 30% lighter EVA Suit
• Micro-craft (< 1 kg) with functionality of 


current 100 kg spacecraft for science and  
inspection


• Ultra-Sensitive and Selective Sensing
• Modeling Fabrication Processes for Nano-


to-Micro Interfaces


 Nanostructured Materials


 Nano Electronics and Computing


 Sensors and Microspacecraft Components


Ten Most Significant Benefits


Focus of NASA Investment
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International Models


Moderators:
Philip Lippel, National Nanotechnology Coordination 


Office
and 


Richard Johnson, Arnold & Porter







Panelists:


• Scott Bryant, Micro and Nano
Commercialization Education Foundation


• Gary Albach, nanoAlberta


• John Cowie, American Forest and Paper 
Association, Agenda 2020 Technology Alliance


• Jaime Parada Avila, Monterrey International 
City of Knowledge







• International activities
– ISO, OECD, bilateral, agency-to-agency, researcher-


to-researcher
– Collaborative approaches in precompetitive and 


noncompetitive areas
• EHS
• Contributions to solving global problems (water, 


energy…)


– Trade, Intellectual Property Rights, Regulatory 
issues in competitive areas







• International Comparisons
– Different innovation systems, levels of support at 


various points throughout the innovation process


– Benchmarking activities


– Educational systems and opportunities







Dynamic International Landscape in 
Nanotechnology: Challenges and 
Opportunities for U.S. 
Nanotechnology


Richard A. Johnson
Arnold & Porter LLP


National Nanotechnology Initiative Workshop 
Oklahoma City:   April 2-3, 2009
richard.johnson@aporter.com







Mapping the Global Nanotechnology (NT) Landscape


 Understanding the Rapidly Evolving Global Context 
of Nanotechnology Is Critical – 35+ Countries Have 
National Nanotechnology Strategies and Policies


 View NT Capacity, Competition, and Collaboration on 
a Global Scale:  U.S. = 28% of global NT activity
– OECD – Emerging Hub for Global Nanotechnology Policy
– European Union Develops Robust, Integrated Approach to 


Nanotechnology
– Asia Sees NT as a Core 21st Century Driver for Innovation, 


Competitiveness and Security 
– Russia Elevates NT to Top Priority -- $8 billion investment
– Growing opportunities for smaller countries and SMEs with 


world-class “niche” strategies (e.g., Israel, Finland, Taiwan)







Nanotechnology in a Global Context Creates 
Challenges and Opportunities for U.S. Regional, State 
and Local Initiatives  - “Act Locally, Think Globally”


 Key Drivers
• Large Markets:  $2 trillion NT global market by 2012 [CMP 


Cientifica];  $3.1 trillion global market by 2015 [LuxResearch]
• Globalization: $15 billion+ in NT investments in 2008
• Increasing Global Capacity:  Convergence, interdisciplinary, cross-


sectoral; multiple applications/multiple players
• Global Triple Helix:   dramatic increase in NT university-industry-


govt. initiatives and new ideas for NT outside the United States
• Open Innovation, Global Value Chains, Networks, Business Models


 U.S. initiatives must be much more attuned to global 
trends, policies and competitive landscape


 Numerous new opportunities for U.S. regional-state-local 
programs -- collaborative initiatives, shared best 
practices, investments, networking and matchmaking







Asia as One Example – Nanotechnology is Key 
Priority and Strategic Driver for 21st Century 
Economic Growth and Competitiveness
 National Nanotechnology Strategies as Key Elements for 


Asian Innovation, Economic Growth, Global S&T Base 
and Competitiveness


 Japan
 China
 Korea
 Australia
 New Zealand
 India
 Taiwan
 Singapore







China – NT: Core Element of “Indigenous Innovation” 


 “Indigenous Innovation” Strategy = Economic Priority #1
– 20% annual increases in R&D for last 10 years
– NT: a top targeted area for R&D and economic competitiveness


 Large NT investor today;     Equivalence with U.S./Japan/EU by 2015?
 A global leader in new NT companies (800+), NT publications (11% of 


global) and NT patents (fastest growing patenting rate)
 NT markets in China will increase to $145 billion by 2015 (Physorg 2006); 


16% global market share
 Large China economic stimulus plan supports nanotechnology


– $18B for R&D;  large share to NT
 Large defense nanotech program with civilian spillovers 
 National Steering Committee for Nanoscience and Nanotechnology (MOST, 


CAS, NRDC/State Council, SDPC, MOE, NSFC)
 New measures related to research, innovation, standards, IPR, regional and 


university-industry links (20 university/regional NT centers of excellence)
 Nanomaterials #1;  Nano-bio and other life sciences #2







Japan – 2nd Largest  Global Player in NT
 Japanese Strategic Technology Roadmap (2005) and Third Science 


and Technology Basic Plan (2006-2011) – NT is one of 4 top 
priorities in Japan’s National Growth Strategy


 National Nanotechnology Research Network Centre (since 2002)
 Major new initiatives with universities, national labs, and regions
 Eco-Innovation, Sustainable Manufacturing, and Next-generation 


Semiconductors, Electronics and Materials
 Major new focus on NT for energy, environment, water and climate
 NT R&D = $2.8 billion in 2004 ($900 million public) (FT, 2006)
 Japan expects $238 billion domestic NT market by 2020
 Developing NT Roadmap of Risk Assessment
 Key Agencies for Nanotechnology:  AIST, METI, MEXT and MHLW, 


plus Prime Minister’s S&T Council
 Beginning to consider range of policy issues re NT applications
 NT patents = 14% of global NT patents







Korea – Leading NT Player “Under the Radar”


 Nanotechnology as linchpin of its new S&T national 
strategy and technology-led growth plans


 Goal – become one of top 3 countries in NT by 2020
 Korean “Nanotechnology Roadmap” (2008)
 5th largest investor in Nanotech R&D ($3 billion)
 Estimates $260 billion in global revenue from NT and 


NT-enabled manufacturing by 2015-2018
 Highly targeted approach with numerous national, 


university, corporate and regional joint initiatives
 Using NT as a growth and investment engine for SMEs 







Top 12 International Legal, Policy and Regulatory 
Areas to Watch for Nanotechnology – Rapid Change
 Definitions, nomenclature and testing methods
 The science-innovation interface, including R&D, entrepreneurship 


and commercialization
 EHS Regulations and Regulatory (In)Compatibility
 Intellectual property rights
 Risk Governance  -- including international regulatory frameworks
 Capital formation, investment and tax policy
 Human Capital policies – including universities, skill sets, training
 Liability and stewardship issues
 NT Innovation for Grand Challenges – environment, health, water, 


energy, climate change, security
 Public engagement, including ethics and outreach
 Security balance – narrow definition (military) v. broader one 


(economic and military)
 Standards – e.g., ISO TC 229 and de facto standards







International Models
Scott Bryant, Executive Director
Micro and Nanotechnology Commercialization 
Education Foundation
www.mancef.org
Goal:  Emphasize comparative models that provoke thoughtful discussion


• All Small Tech - Statement: Most other national models leverage both micro and 
nanotechnologies to  cross-fertilize product development, not exclusive.  Is there 
an artificial silo around nano in the US that inhibits communication, cooperation, 
and commercialization?  Isn’t more “Small” in the national strategy better for 3 
C’s?


• Framework - Statement:  Other countries’ and regions’ models find that 
convergence works well as a more open framework for development  of 
consortiums/networks, specialized centers, and industrial/commercialization 
goals.  Is a national technology framework focused on convergence a better 
strategy for organizing a national inventory of assets toward commercialization? 


• Convergence - Statement: The EU, Australia, and Japan, and Canada are much 
more focused on convergence (IT, bio, and nano) in their priorities planning 
because they are seen as pan-industrial enablers . Should recognition of the 
power of convergence lead the US S&T economic development model? 







International Models
Scott Bryant, Executive Director
Micro and Nanotechnology Commercialization 
Education Foundation
www.mancef.org


• Survival Capacity - Statement: The EU model is successfully building a framework 
for eliminating the Valley of Death and building the capacities to apply their 
assets to clearly communicated EU priorities.  Should this be a key national 
priority of a strategy for a tech-based economic development framework?


• Intra-Regional Collaboration - Statement: the UK, French, Dutch models and the 
EU model are successfully supporting regional and intra-regional collaborations.  
Is the US regionally fractured or silo’d?  What could be done to facilitate more 
regional collaborations and industrial priorities?  


• NAFTA NEMS - Statement: NAFTA could be applied to technology and used more 
to integrate the advantages of the free trade area model. State to state activity 
already in play (Texas-Nuevo Leon, New Mexico-Chihuahua) Mexican technicians 
and engineers?  Can NAFTA be a vehicle to bridge the gap for more trade block 
collaboration & commercialization?


• Global Reach – Statement: MANCEF connects to a global MNT community who 
commercialize.  See www.mancef-coms2009.org



http://www.mancef-coms2009.org/�
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nanoalberta.ca


About Alberta


About Canada♦ One 10 Canadian Provinces
Population: 3.5 million (10% of country)


♦ Traditional Industries: Oil and gas, 
Agriculture, Forest products, 
Manufacturing


♦ Nanotechnology:
~50 companies employ ~600
~$500 million/5yr public investment 
~1000 researchers







nanoalberta.ca


Infrastructure


NINT (National Institute for Nanotechnology)


ACAMP (Alberta Centre for Micro/Nano Products)


MSTRI (Microsystems Technology Research Initiative)


NanoFab (Open Access Fabrication Facility)


INRF (Integrated Nanosystems Research Facility)


ACSES (Alberta Center for Surface Engineering & Science)


AMIF (Advanced Microsystems Integration Facility)


CIHM (Center for Intelligent Health Monitoring)


CEIN (Center of Excellence for Integrated NanoTools)


Institute for Biomolecular Design


Protein Gene Discovery Centre
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Some Canadian Programs …


IRAP (NRC)


Federal


Fundamental  
Research


Prototype 
Development


Product 
Demonstration


Product Commercialization 
Market Development


Market Entry Time


NSERC/CIHR


SR&ED (tax credit)


Provincial (AB)


MSTRI
NanoWorks


ACAMP


CONNECT


Alberta Ingenuity Fund


Int’l marketing …







Reinventing the forest products industry through innovation 1


Agenda 2020 Technology Alliance


 Member alliance promoting transformational R&D for forest 
products industry


 Special Project of the American Forest & Paper Association 
(AF&PA), the national trade association of the forest products 
industry


 An industry-led partnership with government (e.g. USDA 
Forest Service, DOE, NIST, EPA, etc.) and academia 


 Active programs include
 Sustainable forest productivity
 Pulp & paper breakthrough manufacturing
 Nanotechnology for forest products industry
 Forest biorefineries







Reinventing the forest products industry through innovation 2


Agenda 2020 Model for Innovation in the 
Forest Products Industry


 The Forest Products Industry has developed: 
 a strong public-private partnership and  
 a common and agreed upon agenda for advancing 


nanotechnology 
 Agenda 2020 signed a Consultative Board for 


Advancing Nanotechnology (CBAN) with the NSET 
subcommittee through the National 
Nanotechnology Coordination Office (NNCO)


 New ideas and R&D projects are run through the 
Stage Gate process to increase the likelihood of 
success







Reinventing the forest products industry through innovation 3


Unique International Issues for 
Nanotechnology in Forest Products Industry


 Other countries are more focused than the US in 
R&D
 Their governments and industrial partners work together, e.g., 


the Finnish government is part owner of UPM Kymmene
 Cooperatively research and develop new products and 


processes for commercial applications
 Not concerned with Anti-trust laws


 The US model is to publish in the open literature 
and hope the information is found by industrial 
users
 Focus on precompetitive R&D
 All that is allowed by law
 Governed by Sherman Anti-trust laws







Reinventing the forest products industry through innovation 4


Forest Products Industry Experience with 
Technology Transfer and Commercialization


 Agenda 2020 employs the Stage Gate process for terminating 
failed projects before large capital investment


 In the US:
 The government labs produce basic science and technology
 Industry incorporates this technology into it’s own product 


development laboratories for commercialization


 There is a very definite lack of technology transfer 
from the public sector to private enterprise


 Government labs develop the technology but have 
no involvement in the business aspects of 
commercialization:
 Supply Chain development
 Market force issues







Jaime Parada Ávila


CEO
Instituto de Innovación y Transferencia


de Tecnología de Nuevo León


Monterrey: International 
City of Knowledge
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Monterrey: International City of Knowledge
Vision 2030: 


Competiveness: One of the top ranked cities in the world.
Knowledge: Diversified economy based in advanced manufacturing goods, and high added value products 
and services based in Innovation.
Income: From 18,000 usd to 35,000 usd.
Quality of life: Average of UNO human development indicators.
Education and R&D: Top class education; from 30% to 50% coverage in higher education and from 0.6% 
to 2% in R&D; social awareness about knowledge.


Strategy: Triple Helix Model (Government, academia, private sector)
Focused Areas:


5 Areas of Excellence: Biotechnology, Life Science, Nanotechnology, Mechatronics and IT & 
Software.
7 Strategic Clusters: Medical Services, Autoparts, Aeronautics, Household appliances, Software,      
Biotechnology and Nanotechnology


Strategic Programs & Projects:
Science &Technology in Education
Graduate programs & scholarships
Research funds & Tax incentives
Financial Instruments (seed & venture capital)
Incubators
Research & Innovation Parks 
International Cooperation


Institutional Framework
Science coordination unit
Innovation & Technology Transfer Institute
New Law to support Knowledge Based Economy


Foundations:
Good Education & University System
Good Urban Infrastructure
Solid Economy (1st in competitiveness in Mexico)
Geographical position
Entrepreneurship Culture
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N


Projected Growth
Monterrey International


Airport


70 Ha.


70 Ha.
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Research and Innovation Park


Areas of R& D: Life Science, Biotechnology, Nanotechnology, Mechatronics, Energy, 
Food industry, Software, Electronics, Product Design & Manufacturing systems, 
applied mathematics, environment & optics.


Area: 140 Ha (70 developed + 70  2nd. phase)
Investment: $100 Musd public (N.L. government), $200 Musd - $250 Musd other 


sources (Federal government & private companies)
Expected employment (5 years) : +- 3,500 researchers, engineers, technicians & 


support personal.
8 Universities: UNAM, UANL, ITESM, UDEM, U of Texas, Texas A&M, Arizona State 


University and University of Arizona.
10 Public Research Centers: CINVESTAV, 7 CONACYT’S research centers, IIE and 


Water Technology Institute.
9 Private Technology Centers: Motorola, Pepsico, Metalsa, Sigma, Viakable, Qualtia, & 


Prolec – GE.
IT Cluster: 42 SME’s software companies.
2 Business Incubators: Nanotechnology & Biotechnology.
Hotel, conference rooms & commercial services
Top class infrastructure & services (Internet 2, supercomputers, voice, data)
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PIIT Monterrey - Master Plan


2 H
a


2 Ha


Parking
0.5 H


a


Incubadora 
B


iotech


Incubadora 
0.5 H


a


2 Ha


N


Projects under negotiation


1.5 H
a


2 Ha


2 Ha


Highway to 
airport


6,000 M2 de Office spaces
500 parking spaces


Nanotechnology Business IncubatorAdvanced Materials
Research Center



http://www.motorola.com/�

http://www.sigma-alimentos.com/index.php�

http://www.tamu.edu/�

http://www.asu.edu/�

http://www.cemex.com/index.asp�

http://www.udem.edu.mx/home�

http://www.owenscorning.com/index.asp�
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Research and Advance Studies 
Center (CINVESTAV)  100%


State Institute of Water 
(IANL)  100%


Engineering and 
Industrial Development 
Center (CIDESI)  100%


Center for Innovation, 
Engineering and 
Technology Design 
(CIIDIT, UANL)  100%


Advanced Materials 
Research Center 
(CIMAV)  100%


Center for Innovation and 
Strategic Product Design (CIDEP, 
ITESM)  95%


Progress
(October 2008)


Monterrey IT Cluster
90%
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Nanotechnology 
Business
Incubator
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Nanotechnology program  


• Based on a market study (Companies needs) 
made by Minister of Economy the Institute of 
Innovation and Technology Transfer of Nuevo 
Leon decided the creation of:


1. A cluster of Nanotechnology (20 
Monterrey based Companies, 5 R&D 
Centers)


2. An incubator in Nanotechnology at 
Research and Innovation Park (PIIT)
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1. The industries with higher interest in Nanotechnology:
Plastics and polymers
Coatings and paints
Glass, Cement, ceramics, textiles
Metal industry (wire, cables and alloys, Cu and Al)
Chemical industry (catalyst, organic synthesis, oil industry)
Electronic industry


2. What they need?:
• Nanoparticles, (metal oxides, metal chlorides, metal hydroxides, metals, 


nanoclays)
• Inorganic nanostructure materials (metal oxides, ceramic compounds)
• Nanocomposites (nanoclays, Nanoparticles specially in PP,PE, PET, 


Nylon)
• Metals (Ag, Au, Pt, Pd, Al, Cu)
• Carbon nanotubes


Main information and opportunities in Nuevo Leon and Mexico
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Cluster of nanotechnology of Nuevo Leon 


• The cluster was officially launched by the Governor of Nuevo 
León in June of 2008.


• The funds for the operation of the cluster  come from:
• Companies 
• The Government of Nuevo Leon I2T2.
• Centers and Universities of the cluster.


• The cluster is a Civil Association (non-profit) to promote the 
use of nanotechnolgy and facilitate the interacction among 
the government-academia-companies.


• The President of the cluster is Dr. Jesus Gonzalez Director 
of  Center of Advanced Materials (CIMAV) highly recognized  
as an expert and experienced researcher in nanotechnology 
and advanced materials.
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The cluster companies  identified 24 projects in progress or in 
develop


Cluster of Nanotechnology


12 of this companies have a research group


Cluster companies


Cemex Central, S.A. DE C.V.


Cydsa


Lamosa, S.A. de C.V.


MABE, S.A. DE C.V.


Magnekon, S.A. de C.V.


METALSA, S. de R.L.


Nemak


Owens  Corning


Palmex Alimentos S.A. de C.V. 


Plasticos Rex, S.A. de C.V.


Policyd, SA de CV


Prolec G.E.


Sigma Alimentos


Simplex, S.A.  de C.V.


Univex, S.A. 


Ternium


Viakable


Vitro Corporativo, S.A. de C.V.


Whirlpool



http://www.marcas-mexico.com/marcas/Detailed/Alimentos_y_bebidas/Cereales/PALMEX_1306.html�

http://www.whirlpool.es/app.cnt/whr/es_ES/pageid/pghome001�

http://www.ternium.com/sp/default.asp�
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Centers and Universities of the cluster of nanotechnology


Foreing participants


• University of Texas en Austin: IC2, Business incubator
• Arizona State University : Nanotechnology


• CIDESI: Centro de Ingeniería y Desarrollo Industrial 
• UANL-CIIDIT: Centro de Innovación, Investigación y Desarrollo en Ingeniería y 


Tecnología
• CIMAV: Centro de Investigación en Materiales Avanzados
• CIDEP-ITESM: Centro de Investigación y Diseño Estratégico de Productos
• CIQA: Centro de Investigación en Química Aplicada


Domestic
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The Institute with some experts decided  the  technological 
platforms to install in a facility inside the research and 
Innovation Park ( PIIT)
The incubator work together with the cluster to offer service 
to the industry and R&D centers in Nuevo Leon and 
Mexico.


Technological platforms:
1. Nanoparticles  top-down, bottom-up


1. Wet Chemistry. 
2. Physical methods.


2. Inorganic nanostructure materials 
1. Carbon nanotubes
2. Chemical Vapor Deposition


3. Nanocomposites
1. Plastics, PP, PE, PET, Nylon, PVC.


4. Nanobiotechnology.


Incubator of nanotechnology
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The technological platforms and the pilot plant selected  
have the follow characteristics:


1. Process patented or filed.


2. Minimum can synthesized  kg/h from 0.5-1 kg/h


3. Must be proved the feasibility of the technology.


4. Pilot plants must produced a wide range of products and 
be flexible for trials.


• We have the participation of experts in Nanotechnology from 
UASLP, CIMAV, CIDESI, and companies like XETACOMP and 
an Spanish Company.


Incubator of Nanotechnology
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• Plan to start up the next August 2009.


• Hire very qualified and train people operated for experts of Center 
of Advanced Materials (CIMAV)


1. One General Manager
2. Doctorate and Master people for the projects at least 4.
3. Technical people for the operation of the pilot plants at least 5.


• Hands-on operation concept.


• Cost per hour of use of each pilot plant.


Incubator of Nanotechnology Operation
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• Investment of 7 Million USD (first stage)


• 6 pilot plants with the technological platforms defined.


• First stage 700 m2 for the installation of the pilot plants and 
labs and 300 m2 for offices.


• Expected 80% of use of the pilot plants in two years.


• Expected five new companies created  for the incubator in 
the first 2 years.


Incubator of Nanotechnology Summary
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STATE OF INNOVATION
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FOSTERING NANOTECHNOLOGY INNOVATION 
THROUGH EMERGING NANOSCIENCE


Moderators: James Rudd (NSF) and Rich Chapas (Battelle)


Short statements:
Alden Bean (CIMS, North Carolina State Univ.)
Les Alexander (A123 Systems)
Edward Ahn (Pioneer Surgical)
Charlie Gause (Luna Nanomaterials)
Doug Schulz (North Dakota State U. CNSE)
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Fostering Nanotechnology Innovation 
Through Emerging Nanoscience Workshops


Alden S. Bean, CIMS/NCSU, 04/02/2009


• For NNI Center research faculty and their industrial partners TOGETHER


• Promotes mutual understanding of ‘Common Ground’


• Creates a common language for exploring different pathways---
– for advancing science


– for building businesses


– for mutual benefit


• Builds Faculty knowledge of commercial needs and opportunities


• Enriches Industry appreciation for unique S&T capabilities


• Shortens concept-to-market cycle time


• Produces Useful new ideas for collaboration right away


• Promotes lasting alliances
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• Developed in Partnership with the Industrial Research Institute 


• Supported by a ‘Partnership for Innovation Grant’ from the NSF


• Tested with NNI Centers & affiliates from: Carnegie Mellon, Georgia Tech,  
Lehigh, Michigan State, North Carolina State, Northeastern, Penn State, Purdue, 
UMass at Lowell, Univ. of New Hampshire, and Univ. of Pittsburgh


• 5 separate workshop events; 177 individual participants; 44 companies


• Arranged directly through NNI Centers or through Regional Consortia 


• Modular format customized to the needs and interest of the NNI Center


• Typically 2 days in length, 30-50 participants, equal split


Fostering Nanotechnology Innovation
Through Emerging Nanoscience Workshops


Alden S. Bean, CIMS/NCSU, 04/02/2009
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Fostering Nanotechnology Innovation
Through Emerging Nanoscience Workshops


Alden S. Bean, CIMS/NCSU, 04/02/2009


Contact:      Center for Innovation Management Studies


College of Management 


North Carolina State University


Raleigh, NC 27695-7229


Attn:  Michelle Grainger-Smith


ph:919-513-0166


web: http://cims.ncsu.edu



http://cims.ncsu.edu/�
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T/J Technologies-


Growing a Company 


from Start Up 


to Acquisition


Les Alexander
Operations Manager


Government Solutions Group


From Science to Manufacturing


Material science 
differentiation


Cell 
engineering 
innovation


Systems 
engineering 
value add


Low cost -
high volume  & 


quality 
manufacturing 


Industry 
leading 
partners


T/J Technologies’ core competency was in 


the design and development of nano


scale materials.
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December 1, 2007


Grid stabilization Transportation
(Passenger, Heavy Duty, 


Aerospace)


PHEV EV Prismatic Cell


Markets


2


MATERIAL COVERED BY 
NDA with FORD 
EXECUTED 11/26/2007


Products


M1 26650 cell 32113 HEV 
Cell


Cordless 
Power
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• What regional, state, or local programs best 
support your company's nanotechnology 
development plans, and how could they be 
improved? 
– Michigan 21st Century Jobs Fund help create a 


Center of Energy Excellence to study manufacturing 
– Local Non Profits matching SBIRs
– Tax Credit Incentives from State and Local
– DOE Funding manufacturing for the Battery Industry 


through Stimulus Funding
• IMPROVEMENTS:  Streamline contracting process, 


stimulate equipment manufacturers, support raw material 
development. 


A123 Supported Activities
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• What other models and approaches would 
effectively foster nanotechnology innovation in 
your industry and your region?
– Expand funding for basic research beyond SBIR to 


large businesses
– Funding for more pilot scale manufacturing in the US.
– Development of more North American raw material 


sources  


A123 Supported Activities







Angstrom Medica History (now Pioneer)


Time


P
ro


gr
es


s


5/01
Defended thesis


Won $50K 


6/01
Incorporated 


5/02
License from MIT
Series A closed 


8/04
Series B closed


2/05
510(k) clearance


First nanomedical device  


12/02
NSF P1 SBIR 


2/04
NSF P2 SBIR 


8/05
NSF P2B SBIR  


8/08
First in human – NanOss Cervical
FDA Clearance – Fortross BVF  10/07


Acquisition by Pioneer  


1/09
Market Release
Fortross BVF  


Edward Ahn, Pioneer Surgical







Nanotechnology and the Medical Device Company


Market
Input


Product
Definition


Regulatory
Approval Manufacturing Sales


Can nanotechnology
enable a unique 


proprietary product?


Does nanotechnology
increase regulatory risk?


Can nanotechnology 
achieve a reasonable 


COGS?


FINANCING


Edward Ahn, Pioneer Surgical







Fostering Nanotechnology Innovation


• What regional, state, or local programs best support your company's 
nanotechnology development plans?


– Educational Institutions: MIT, Harvard, BU, Tufts, etc.


– Hospitals: MGH, BWH, BID, etc.


– MIT Technology Licensing Office


– MIT $50K Business Plan Competition


– MIT Enterprise Forum


– MIT Venture Mentoring Service


– First Founders, Ltd


– Trade Assoc: MassMedic, MassBio


– Venture Capital


– Law Firms


• How could they be improved?
– No nanotechnology innovation focus per se


– No state support


– IP stuck in TLO


Edward Ahn, Pioneer Surgical







• What other models and approaches would effectively foster nanotechnology 
innovation in your industry and your region?


– Nanotechnology clearinghouse of government sponsored academic research


– Regional NSF grantees conference


– Coaching between SBIR awardees


Fostering Nanotechnology Innovation


Edward Ahn, Pioneer Surgical







Charles Gause, Sr VP
Luna Innovations Incorporated, nanoWorks Division


gausec@lunainnovations.com
April 2009







Luna nanoWorks’ Division


5 years of Nanotechnology 
in Danville Virginia!


Making products empowered 
by nanomaterials







Trimetasphere® Nanomaterials


 A sphere of 80 carbon 
atoms enclosing a metal 
nitride core 


 Strong IP


 Unique physical 
properties:


TRIMETASPHERE


Luna’s Exclusive
Carbon Nanomaterials


– Chemical
– Thermal
– Magnetic


– Biological
– Optical 
– Electronic







Product Development


Diagnostics


Imaging agents 
providing enhanced 
contrast and better  
safety:
• MRI
• MRI targeted (i.e. 
plaque, brain, etc.)


Energy


Providing for 
more efficient &
less expensive
organic solar 


power solutions.



http://images.google.com/imgres?imgurl=http://www.livescience.com/images/0412_solar_panels_03.jpg&imgrefurl=http://www.livescience.com/technology/041224_solar_panels.html&h=246&w=250&sz=12&hl=en&start=4&um=1&tbnid=TLNmvMyF1K0zJM:&tbnh=109&tbnw=111&prev=/images%3Fq%3Dorganic%2Bsolar%26svnum%3D10%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-US%26sa%3DN�





Support 
 Local - Highly motivated (2004-05): 13% unemployment compared to 


3.7% for Virginia with aging population & outward migration of youth.
– Available workforce and close to RTP
– Low cost of doing business and available space


 State – Virginia Economic Development Partnership & Tobacco 
Indemnification Commission


– Legislature – JCOTS, CIT, regional initiatives – Tech Councils
– Universities – VT, UVA, W&M, ODU, JMU, VCU, etc.
– DCC – workforce training via MET program


 Regional - great location to interface
– Emerging Technology Forum
– NoVA & DC – Federal
– Universities – VA, I-40 Corridor NC, MD, etc.
– Nanobusiness Alliance







Opportunities 


 ARRA
 NNI renewal
 NSF Centers
 SBIR/STTR utilization
 Risk capital
 Alignment with local economic development
 Teaming with Local Universities & Gov’t Labs
 Participation in Federal Programs (i.e. ITP Nanomfg, NIH 


NanoHealth Enterprise) 
 Teaming with larger corporations
 Commercialization
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inspired by ideas…driven by markets


www.lunainnovations.com



http://www.lunainnovations.com/�





Fostering Nanotechnology Innovation at NDSU-CNSE


Doug Schulz


Senior Research Scientist – CNSE
Adjunct Professor – Mechanical Engineering Department
Director – Center for Surface Protection – Hard Coatings
PI – NSF EPSCoR Flexible Electronic Materials Program


Panel Presentation 
Regional, State, and Local Initiatives in Nanotechnology 


NNI nanoRegional Workshop


Oklahoma City, OK
April 2, 2009



mailto:doug.schulz@ndsu.edu�
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North Dakota State University
North Dakota’s Land Grant College


Founded in 1890
Division 1A, Ph.D. granting (40 programs)


12,500/1,800 under/graduate students 
2006 research expenditures $103M


NDSU - Research, Creative Activities and Tech Transfer
formed in March 2000 – Philip Boudjouk, VP


NDSU Research Tech Park (2001)
More than 425 people come to work each day


Research 1 Building (2002)
RCATT SPA/Bus.Dev./Tech.Trans & coatings labs


Research 2 Building (2004)
CNSE – 6,350 ft2 cleanroom, $21M toolset


NDSU is ranked 127 of 640 Research Universities
Top 100 in chemistry, physical sciences, psychology, 
ag sciences, social sciences 


[Source: National Science Foundation – FY06 R&D expenditures]
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South Wing
Materials


Scientists &
Engineers


West Wing
Electronic &


Computer
Engineers


• Prototype Development
• Functioning Deliverables


NDSU-CNSE Operations at the Research 2 Building


Low-T, Ambient P Processes;
& Polymers/Coatings via 


Robotic Discovery


Low-Power Architectures;
Radio-Frequency Comm.;


& Small Form Factor


Chip Scale Packaging;
0201 Surface Mount; 


& Fluidic Self-Assembly


Two-level security
ITAR/EAR compliant


Cleanroom
Engineering


Staff


NDSU Partners



http://www.smithsdetection.com/eng/index.php�





Project Goal: Discover new materials and develop new deposition processes 
that revolutionize Flexible Electronics


Add functionality
Nano-


computer
Nano-


modem


Chemical Gas
TransducerAntenna


Acoustic 
Transducer


Other 
Sensor


Energy
Storage


Magnetism
Transducer


Energy Harvesting


Low Power SensorsICCommunications


Power Management


Nano-
computer


Nano-
modem


Chemical Gas
TransducerAntenna


Acoustic 
Transducer


Other 
Sensor


Energy
Storage


Magnetism
Transducer


Energy Harvesting


Low Power SensorsICCommunications


Power Management


NSF EPSCoR – Flexible Electronic Materials (FlexEM)


Three Thrusts
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ND Governor John Hoeven’s Center of Excellence Program (2005 – present)
The Centers of Excellence program is the product of Gov. Hoeven's initiative to 
combine education and economic development to create higher paying jobs and 
new business opportunities for North Dakota citizens. The Centers are hubs of 
research and development on the campuses of North Dakota's 11 colleges and 
universities. Their objective is to research, develop and commercialize products and 
services to create good paying jobs for the citizens of our state, especially our young 
people. 


Economic Development Center of Excellence (EDCOE) Program
Matches 2:1 resources contributed from industry for research/commercialization


ND State match is in cash.


NDSU Center on Surface Protection – Hard Coatings
Develop technologies that enable cost-effective manufacture of wear-resistant coatings


Serve at the intersection of hard coatings companies and ND industry
State-of-the-art characterization facilities at the NDSU RTP
Expertise from NDSU scientists and engineers


Commercialize next generation hard coatings
New North Dakota business ventures 
Strategic relationships with existing entities 


Currently funded at $2.6M in match from NDEDC


Q1) What regional, state, or local programs best support your company's nanotechnology 
development plans, and how could they be improved? 


http://governor.nd.gov/init/ce-init.html


http://www.ndsu.nodak.edu/csp







Q2) What other models and approaches would effectively foster 
nanotechnology innovation in your industry and your region?


Proposals to join existing MRSEC Interdisciplinary Research Groups
Expedite transition of discoveries at RSL level by leveraging 


existing IRGs
Technical review team could include IRG members


More Transparent Valuation of IP of National Importance
Limitations in the usage of Federal Funds


Little to no marketing support at most Universities
Prioritize technology development


Better estimate of potential with screening done accordingly


“Standard” IP Language that Guarantees Up-Front Benefits to Partners
Remove barriers to University-Industry-National Lab partnerships
Reduce the time required to negotiate Research Agreements


Fewer lawyer fees
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NANO-EHS
NANOTECHNOLOGY AND ENVIRONMENTAL HEALTH & SAFETY


Moderator:
Terry Medley (DuPont)


Short statements:
Steve Brown (Intel)
Arturo Keller (UCSB/CEIN)
Stacey Harper (Oregon State University)
Golam Mustafa (EPA)







Terry L. Medley, J.D.
Global Director Corporate Regulatory Affairs, 
DuPont


Nano-EHS


Regional, State, and Local Initiatives in Nanotechnology
NNI nano Regional Workshop
Skirvin Hotel, Oklahoma City, Oklahoma
April 2, 2009







“The increasing use of engineered nanoscale materials in industrial and 
consumer products will result in greater exposure of workers and the general 
public to these materials.  Responsible development of nanotechnology 
implies a commitment to develop and to use these materials to meet human 
and societal needs while making every reasonable effort to anticipate and 
mitigate adverse effects and unintended consequences”


National Research Council, 2009
Review of the Federal Strategy for Nanotechnology-Related Environmental, Health, and Safety Research
National Academy of Sciences, Washington, D.C., Page 3







An Integrated Approach to Addressing EHS 
Concerns
Enabling technology innovation and application, while 


identifying and addressing environmental health and 
safety (EHS) concerns requires an oversight system 
that utilizes all viable options in an integrated manner.  
Such a system should include:
1) Workplace Safety and Product Stewardship Initiatives
2) Voluntary and Mandatory Agency Programs 
3) Collaborative Efforts


These initiatives, programs and efforts should be based 
on science/risk-based policies.
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Responsible Development of Nanomaterials







STEVE BROWN, INTEL







What activities does your organization undertake or participate in to meet its nanoEHS needs (e.g., 
developing materials databases and standards, materials R&D, product stewardship initiatives, and work 
place safety measures – including, as appropriate, worker training, workplace monitoring and controls, and 
other risk management methods)?


NanoEHS


Internal Activities
• Developed nanomaterial handling policy and workplace guidelines 
• EHS reviews all nanomaterial R&D and manufacturing operations
• Exposure controls based on precautionary principle, 


• Unknown nanomaterial toxicity dictates conservative exposure controls
• Utilize existing controls for handling hazardous materials (engineering controls)
• All unbound nanomaterial handling operations occur with ventilated enclosures
• No direct skin contact with nanomaterials


External Activities
• Founding member of International Council On Nanotechnology (ICON)
• Provide Funding of Support of Nanomaterial EHS research


• NOSH Consortium, Bio-NanoInteraction, E U Nano Interact, International 
Alliance for NanoEHS Harmonization, UCLA Center for Environmental 
Implications of Nanotechnology


• Support Nanomaterial Standards development, e.g. ISO TC229, ASTM E56
• Support Sematech evaluations on the use of nanomaterials in semiconductor  


manufacturing operations







NanoEHS
How could these approaches be expanded or enhanced to accelerate the responsible 
development of nanotechnology, and how should this new work be shared among  academia, 
government, industry, and other stakeholders?


 Identify fellow travelers with similar interest, form consortiums to pool resources; 
• Development of metrology and analytical measurement techniques
• Nanomaterial toxicology assessments of common interest nanomaterials
• Perform nanomaterial exposure assessments and publish results of common 


nanomaterial applications
• Participate in trade organizations to share common information on Nano EHS 


issues


 Participate in the standards development process;
• Standards Development Organizations (SDO) are in need of experts to 


participate in all phases of standards development; e.g.  normative research, 
technical writing, nominated technical expert input and organizational 
leadership positions


 Communicate technical expertise at public forums, professional  
conferences/workshops and organizations such as ICON Best Practices Wiki


 Fund and publish Nano EHS research results for public disseminations 







ARTURO KELLER, UCSB CEIN







Ensure that nanotechnology is 
introduced and implemented in a 
responsible and environmentally-


compatible manner to allow the US and 
the international community to leverage 
the benefits of nanotechnology for global 


economic and social benefit


Mission of UC CEIN







NanoEHS: Activities at UC CEIN on
Environmental Implications of Nanotech
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UC CEIN IRG 5: High Throughput Screening
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UC CEIN partner institutions NSECs MRSECs


INPUT FROM NSECS AND MRSECS:


•Synthesis of New Nanomaterials for Library of Compounds Used for High 
Throughput Screening
•Physical and Chemical Properties of Nanomaterials for Library







UC CEIN partner institutions NSECs MRSECs


DELIVERABLES TO NSECS AND MRSECS:


•Training on safe handling and disposal of nanomaterials
•Insights needed to maximize productive use of nanomaterials while 
minimizing environmental hazards







STACEY HARPER, OREGON STATE 
UNIVERSITY
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SNNI Activities in NanoEHS
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Disposal/Recycling of Nanomaterials:
Regional, State, and Local Initiatives in Nanotechnology – NNI nanoRegional Workshop


April 1-3, 2009
Oklahoma City Oklahoma


Presented by:
Golam Mustafa, Ph.D.


US EPA Region 6
Dallas, Texas



http://www.epa.gov/�

http://www.google.com/imgres?imgurl=http://www.dreamstime.com/recycling-logo-thumb4548425.jpg&imgrefurl=http://www.dreamstime.com/recycling-logo-image4548425&h=300&w=300&sz=25&tbnid=opjrEXc9eC1HmM::&tbnh=116&tbnw=116&prev=/images%3Fq%3Drecycling%2Blogo&hl=en&usg=__2vbuX0hiYvLONvtE4Rket9fl7k0=&ei=nSKsSfWTEYiSnge24NT4Dw&sa=X&oi=image_result&resnum=2&ct=image&cd=1�





Presentation Outline


• Focus of Waste Disposal/Recycling


• Waste Management and Regulations


• Nano Waste  and Possible Regulations


• Information Needed for Nanomaterials Disposal/Recycling



http://www.epa.gov/�





** How EPA currently deals with waste


• Generator/Hauler


• Transfer Station / Material Recovery Facility (MRF)


• Recycler / End User


• Permitted Solid Waste / Hazardous Waste / Other Special Waste Facilities











** One Possible Pathway for Hazardous Waste







Copper slag can be used for 
road base and sub-base 
construction


Finished road
Copper Slag at Chino Mine 
New Mexico and Miami 
Smelter in Arizona


** Ancillary Waste - Copper Slag







** Ancillary Wastes –
Silver and Gold Slags


Silver Slag Gold Slag







Traditional Waste Cycle



http://www.epa.gov/�





Current Waste Cycle



http://www.epa.gov/�





What do we mean by Nanomaterials Waste Streams?


• Pure Nanomaterials Manufactured (e.g., Carbon Nanotubes).


• Nano By-products with organic or inorganic.


• Liquid Suspensions Containing Nanomaterials.


• Items Contaminated with Nanomaterials (e.g., Wipes/PPE).


• Solid matrixes with Nanomaterials.



http://www.epa.gov/�





4 Kinds of Regulations


• Pollution Prevention & Risk Mitigation


• Information Decimation


• Creating Waste while Protecting the Environment


• Direct Waste Management



http://www.epa.gov/�





Possible Regulatory Options for Nano


• Environmental Monitoring


• Manufacturers or Importers Checklist (Material Safety Data Sheet, MSDS)


• Labeling


• Product take-back requirements


• New Regulations for Nanomaterials.



http://www.epa.gov/�





Final Thoughts!


• Nanomaterials are very special.


• Essentially, there are no specific regulatory control for Nanomaterials.


• There will be waste generated from nanotechnology.


• We need to be proactive about disposal and recycling of nanomaterials and products containing 
nanomaterials to make sure that we protect public health and the environment.  



http://www.epa.gov/�
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State Models for Supporting Emerging 
Nanotechnology


Panelists


Griff Kundahl University of Denver/Colorado Nanotechnology Alliance


Ed Cupoli University at Albany, College of Nanoscale Science and Eng’ng


Jim Mason Oklahoma Nanotechnology Initiative (The ONI)


Skip Rung Oregon Nanoscience and Microtechnologies Institute (ONAMI)


Philip Shapira Georgia Tech School of Public Policy and CNS-ASU







State Models for Supporting Emerging 
Nanotechnology


• How does your organization measure success? To whom is the organization 
accountable, and how is it held accountable?


COLORADO NANOTECHNOLOGY ALLIANCE


Measures:
• Fiscal Sustainability
• Connecting our constituents
• Maintaining our brand


To Whom Accountable:
• Members
• State OED/IT; EDC
• Sponsors
• NRES participants







• What motivates your stakeholders to collaborate, and what additional future 
incentives would enhance these collaborations??


State Models for Supporting Emerging 
Nanotechnology


COLORADO NANOTECHNOLOGY ALLIANCE


Motivation:
•Value proposition (90%)
•Sense of obligation to community (10%)


Future incentives:
•Better value proposition
•Funding/Resources
•Communication
•Cooperation
•Accelerating Commercialization







Industry University Government


Needs Maintaining competitive 
advantage


Funding Attract jobs


Financial & intellectual leverage Relevant problem set Promote education


Asset development & protection 
(IP)


Mitigate risks and costs


Network & access Assist in attaining 
world-wide 


competitiveness


University


Government


Industry
Encourage 
innovation and 
growth to meet the 
needs of all sectors.


Incentives:


Edward M. Cupoli, Ph.D.
Professor and head, NanoEconomics Constellation


College of Nanoscale Science and Engineering, University at Albany SUNY







Measures of success


University: Knowledge
• Publications
• R&D funding
• Graduate 
enrollment/funding


• Job placement
• Academic ranking
• Patents/Licensing


Industry: Profitability 
• Return on investment
• Shortened R&D timeline
• Reduce risk
• Patents/Licensing
• High-quality investment 
ventures


• Decrease learning cycle times


Government: Social 
Wealth  


• GDP growth
• Employment growth
• Income growth
• Investment
• Training/Education
• Successful startups


The CNSE measures success by following the goals of its partners. 


Edward M. Cupoli, Ph.D.
Professor and head, NanoEconomics Constellation


College of Nanoscale Science and Engineering, University at Albany SUNYEdward M. Cupoli, Ph.D.
Professor and head, NanoEconomics Constellation


College of Nanoscale Science and Engineering, University at Albany SUNY







State Models for Supporting Emerging 
Nanotechnology


• How does your organization measure success? To whom is the organization 
accountable, and how is it held accountable?


– Success for the Oklahoma Nanotechnology Initiative is measured by:


• the accomplishment of milestones and deliverables for the Oklahoma Center for 
Advancement of Science and Technology (OCAST).


• The number of Oklahoma companies getting involved in utilizing nanotechnology 
to create new or improved products.


• OCAST tracks ROI in terms of $ attracted and number of employees


– The ONI is coordinated by The State Chamber of Oklahoma and is accountable to and 
funded by OCAST, a state agency which is accountable to the legislature.


– The legislature established four overall objectives for the ONI which are implemented 
annually through a negotiated Scope of Work with 10-11 measurable objectives each 
with specific milestones and deliverables.   The accomplishment are documented by 
quarterly reports and an annual report. 


– Specific objectives and deliverables may change 


– from year to year based on the needs and 


direction of the program.          







State Models for Supporting Emerging 
Nanotechnology


• What motivates your stakeholders to collaborate, and what additional future 
incentives would enhance these collaborations ??


– State Government


• Seeing Oklahoma companies create new or improved products by applying nano 
research developed from anywhere, retaining and creating new jobs.


– Researchers and Companies


• Required collaboration of researchers and companies to be able to apply for 
Oklahoma Nanotechnology Applications Program funds; source of matching funds; 
real solutions to real problems; competitive advantage. 


– Between Universities


• Shared equipment and research; joint research proposals; NanoNet


– Between State Initiatives


• Shared speakers, promotion of each others events and conferences 


– Federal Assistance for State Nano Initiatives


• Many states lack funds for Nano Initiatives


– Federal Funding for Regional Collaboration


• With funding, States could work together







State Models for Supporting Emerging 
Nanotechnology


• How does your organization measure success? To whom is the organization 
accountable, and how is it held accountable?


– 2 main success measures (in $M):


• New research grants/contracts across the ONAMI researcher membership


• Private/capital, grants, NRE revenue into ONAMI gap fund companies


– 2 less formal measures related to our facility network:


• Assistance in attracting/retaining nano-related employers in state


• External service revenue at shared user facilities


– Accountable to Oregon InC Audit Committee, quarterly review


• Can cancel/reduce/delay quarterly payments if progress unsatisfactory







• What motivates your stakeholders to collaborate, and what additional future 
incentives would enhance these collaborations??


– **State government


• Translation of research $$ to immediate and projected job creation


– University/national lab leadership


• Revenue, reputation from research awards and commercial successes


– Research members


• Funding/infrastructure, student opportunities, attract top students


– Major industry


• Interns/permanent hires, federal co-proposals, licensing/spinouts


– **Entrepreneurs/investors


• Gap funding, networking, deal flow, facility/expertise access


– FUTURE: Federal matching/incentives in **’d categories


State Models for Supporting Emerging 
Nanotechnology







Where are US Nanodistricts emerging?


Boston
NY


DC


LA


SF-SJ Chicago


Research 
Triangle


Nanotechnology-active 
Firms (2009)


1958 mapped/3378 firms


Refs: Shapira, Youtie (2008), Emergence of nanodistricts in 
the United States, Econ Dev Quart.; Shapira, Youtie, Carley 
(2009), Prototypes of emerging metropolitan nanodistricts in 
the US & Europe, Annales (forthcoming); Wang, Shapira 
(2009) Partnering with Universities: A Good Choice for 
Nanotechnology Start-up Firms? (under review)


Philip Shapira
Georgia Tech School of Public Policy
Manchester Institute of Innovation Research
Center for Nanotechnology in Society (CNS-ASU)







Philip Shapira
Georgia Tech School of Public Policy & Manchester Institute of Innovation Research
Center for Nanotechnology in Society (CNS-ASU)


What is (or should be) different about
state nanotechnology initiatives?


• Reflexivity
• Not just another “high-technology” / nano = general purpose technology


• Potentially wide-ranging implications


• High-levels of uncertainty in commercialization


• Orientation
• Nano R&D & advanced production = few locations


• Smart nano applications and deployment = many locations


• Targets
• Enterprises - cross-cutting: Venture startups + large-firms + mature SMEs


• Demand-side innovation: sectors (e.g. retail, construction) and systems (e.g. urban)


• Anticipation and dialogue
• Foster anticipatory governance 


• Engagement
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Industry groups partnering in nanotechnology


Moderator: Hratch G. Semerjian (CCR)


Short statements:
Brent Segal (Lockheed)
Dave Arthur (SWeNT)
Ralph Cavin (SRC/SIA)


Richard Johnson (Arnold & Porter)
Daniel Rardon (PPG industries)







The Council for Chemical Research


The Council for Chemical Research (CCR) was created in 
1979 to improve trust and collaboration between the 
public and private research sectors.


“CCR's purpose is to benefit society by advancing research 
in chemistry, chemical engineering, and related 
disciplines through leadership collaboration across 
discipline, institution, and sector boundaries.”


Council for Chemical Research







Globalization and Open Innovation


“Open Innovation means that companies should make much greater use of external 
ideas and technologies in their own business, while letting their unused ideas be 
used by other companies…With a more open business model, Open Innovation 
offers the prospect of lower costs, faster times to market and the chance to share 
risks with others.”


The Council for Chemical Research


Open Innovation: The New Imperative for 
Creating and Profiting from Technology


Henry W. Chesbrough


Globalization and open innovation necessitates more 
effective partnerships between industry, academia and 
government laboratories







The Council for Chemical Research


$40 B
GNP**


0.6 M
Jobs**


$8 B
Taxes**


Macroeconomic Implications


$1 B
Federal


R&D
Funding


In Chemical
Sciences


$5 B
Chemical
Industry 


R&D
Funding


$10 B
Chemical
Industry


Operating
Income*


Basis:
*estimated from CCR study 
**extrapolated  from LANL study by Thayer, et 
al., April 2005 using REMI economic model







Industry Groups Partnering in 
Nanotechnology 


• What groups in your industry are engaged with government and local 
organizations to promote nanotechnology-base d economic development, what 
are the barriers for such partnerships, and what is needed to facilitate more 
partnerships?


– Chemical Industry Vision 2020 Technology Partnership


– Nano-Manufacturing Consortium


• Identifying Precompetitive Technologies


• Overcoming IPR issues


• Establishing long-term relationships based on trust and mutual 


interest







The Council for Chemical Research


Major IPR Issues Identified 


 Before negotiating a research agreement:
- Lack of understanding of partner’s perspectives


- Lack of knowledge of the specific project and how each party will 
contribute to it.


 In the negotiation, how to handle:
- IP Rights, Control, and Patenting


- Compensation for IP Rights


- Research Costs


- Tax-exempt status of University bonds


- Processes for negotiating agreement and dispute resolution


- Confidentiality 







• How is innovation in your industry balanced  between market pull and 
technology push? In light of this balance, what is the best model for cooperation 
among nanotechnologists from industry, academia, and government?


– We want to hear from our industrial colleagues


Industry Groups Partnering in 
Nanotechnology 







0000.PPT 04/09/2009 1Copyright © 2009 Lockheed Martin Corporation, All Rights Reserved


Lockheed Martin Nanosystems


Moving Nanotechnology Into Defense 
Applications – April 2009


Dr. Brent M. Segal


Director & Chief Technologist
Lockheed Martin Nanosystems 
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Company Organizational Chart
Nantero Inc.


NON-VOLATILE MEMORY SOLUTIONS


One-Way Firewall
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The Organization


Springfield, MO


Manassas, VA


Gresham, OR


Woburn, MA


Tampa, FL


“Silicon Valley”


Boston, MA


Cambridge, MA







( UNCLASSIFIED )


0000.PPT 04/09/2009 4Copyright © 2009 Lockheed Martin Corporation, All Rights Reserved


Manufacturing


Fab Tools &
Facility


Technology
Design


Process
Synthesis


Transparency in the Design Chain is Key


Circuit
Design
IC Tools &
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Device
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Nanotech
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designers
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Landscape of Nanotech Standards


ASTM International Committee E56 Nanotechnology
– E2456-06* Terminology for Nanotechnology


IEEE NESR Nanoelectronic Standards Roadmap
– IEEE1650-2005* Electrical characterization of SWNTs
– IEEE1784-2008 Nanomaterials characterization and use in large 


scale electronics manufacturing


IEC TC 113 Nanotechnology Standardization for Electrical 
and Electronic Products and Systems


– JWG 1 Terminology and Nomenclature
– JWG 2 Measurement and Characterization
– WG 3 Performance assessment


ISO/TC 229 Nanotechnologies
– ISO/AWI TS 10797 TEM characterization of SWNTs
– ISO/AWI TS 10798 SEM & EDXA characterization of SWNTs
– ISO/NP TS 10867 NIR photoluminescence spectroscopy of SWNTs
– ISO/NP TS 10868 UV-Vis-NIR absorption spectroscopy of SWNTs
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Vertically-grown Carbon Nanotubes


A.
J.


 H
ar


t, 
U


ni
ve


rs
ity


 o
f M


ic
hi


ga
n







( UNCLASSIFIED )


0000.PPT 04/09/2009 7Copyright © 2009 Lockheed Martin Corporation, All Rights Reserved







Research Supply Chain


NMSP Oklahoma


Partnerships







Innovation and Industry 
Partnering in 


Nanotechnology


Richard A. Johnson
Arnold & Porter LLP


National Nanotechnology Initiative Workshop


Oklahoma City,   April 2-3, 2009


richard.johnson@aporter.com







The Changing Nature of Innovation Drives 
Partnering in Nanotechnology (NT)


• Complex ecosystem, not a linear process – multiple players, forces and 
feedback loops (industry, government, universities, economic development)


• Globalization of R&D and Multipolarity of Knowledge and Capacity


• Open Innovation on  a Global, National, Regional and Local Scale


• Convergence -- New Global and Regional Value Chains and Networked 
Resources Cutting Across Multiple Disciplines and Sectors


• User-driven Innovation and Accelerating Cycle Times for Innovation


• Increasing role of “Hidden” Innovation and Knowledge Markets


• Collaboration at All Stages -- new business models and new types of 
collaboration (exploratory, research, development, manufacturing)







Key Drivers for Nanotechnology Partnerships
• Risk-sharing and Cost-sharing/financing -- Investment required to 


develop next technology cycle grows by an order of magnitude
• Scalability and Leveraging Best-in-Class Technology
• Access and Diffusion:  Share common technology cores - including 


equipment, infrastructures , IPR and tacit know-how
• “Portfolio management” and scanning intelligence
• Human capital -- “Not all smart people work for you” (Chesbrough) 
• User-driven innovation and Linking R&D closer to users and 


demand  side
• Synergies and risk-sharing with local S&T clusters and universities
• Federal, state, regional and local NT initiatives to enhance 


competitiveness, promote collaborations, and to assist with funding, 
organizational models and human capital







Barriers to Partnerships in Nanotechnology


• Conflicting business relations, misaligned objectives 
(university-industry-government), or bad partnership fit


• Openness, mutual trust, credibility, innovation culture
• Lack of sustainable and predictable funding (regional 


initiatives, technology platforms, federal-state funding)
• State-local programs and incentives ≠  MNE/SME global 


business needs
• Lagging government policies and framework conditions
• Outdated business models and approaches to innovation
• Insular university policies – including technology transfer, 


“cycle time”, residual views about business and markets   







Facilitat ing More Partnerships in Nanotechnology
• Focus Policies on Promoting, Protecting and Enabling Today’s New 


Approaches to Innovation, not outdated models


• Enable Entrepreneurship:  entrepreneurship drives innovation –
technology seeds must land on fertile fields


• Promote “Act Local, Think Global” Initiatives with global bandwidth


• Increase use of NT to address societal  “Grand Challenges”   
(Health, Water, Environment, Energy, Sustainable Manufacturing)


• Refocus on Changing Role of Intellectual Assets for Value Creation


• Create Sustainable Financing and Aligned Economic Incentives







Innovation is Contextual and Complex:  Market Pull and 
Technology Push are Only Part of the Partnering Picture
• Value-chain Innovation – adapting NT innovation into integrated NT 


environment;  components and operations; need for technology, 
public policy and economics alignment


• Collaboration and Inventiveness
• Disruptive New Approaches – top down or bottom up;  partnerships 


develop array of options and help select best one;  prototypes, 
demonstration projects, scalability


• Output-based Innovation Modes
• Non-technological Innovation – organizational structures; know-how; 


design capabilities; human resource base
• Services and “Soft Infrastructure” are Critical to NT Growth







INDUSTRY GROUPS PARTNERING IN 
NANOTECHNOLOGY
• Nanotech based economic development → commercialization


►Collaboration
►Applied development
►Job / revenue creation


• Technology push → market pull
►Focus on customer needs and macro trends
►Solutions to problems (nanotechnology = enabler?)
►Large & small industry + academia + government agencies
►Dual public / private use opportunities


• Poor economic conditions → reduced R&D spending
• Nanotechnology is a “how” not a “what”


Funding gap







Nano Commercialization Model


Supplier relationships


Funded R&D


Partnerships


Commercialization


Technology licensing


Joint ventures


COATINGS


GLASS & 
FIBERGLASS


SPECIALTY 
PRODUCTS


CHEMICALS


SMALL 
BUSINESS & 
INDUSTRY


ACADEMIC 
RESEARCH


GOVERNMENT 
AGENCIES


MACRO TRENDS
CUSTOMER + 


MARKET







• A leading global manufacturer of coatings 
and specialty products and services


• Founded in 1883


• Headquartered in Pittsburgh, PA


PPG Is…


• Composed of 13 strategic business units 
in six business segments:
► Industrial Coatings
► Performance Coatings
► Architectural Coatings (EMEA)
► Optical & Specialty Materials
► Commodity Chemicals
► Glass


Daniel Rardon, Ph.D.
Manager Advanced Technologies
Office of Science & Technology


PPG Industries, Inc.
drardon@ppg.com
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NANOTECHNOLOGY WORKFORCE 
DEVELOPMENT & EDUCATION


Moderators: Bob Chang (Northwestern U.) and Carl Batt (Cornell U.)


Short statements:
Steve Fonash (PSU - NACK)
Sheryl Hale (OK Dept Career & Tech. Education)
Srinivas Sridhar (Northeastern IGERT with NIH)







Nano workforce development 
& education


R.P.H. Chang, Northwestern
Carl Batt, Cornell







Workforce Development and Education


• What is needed to accelerate workforce 
development and education?


• Where are the needs most urgent?


• What should be done in the immediate 
future to meet these needs, and at what 
level?  (Fed, state, regional, local)







Science Education Priorities Timeline


Exciting new content 
and professional 
development models
are being developed 
worldwide


Young researchers must 
develop global 
leadership capabilities 
in order to lead future 
education initiatives!


Expand access to 
research facilities for 
hands-on experience; 
cascade approach 
across levels


Pre-college level


+ 15-20 years


Undergraduate level


+ 10-15 years


Graduate level 


+ 5-10 years







Falling U.S. Rankings
Among Developed Nations


8th


Grade
10th


Grade
11th


Grade
Science 9 20 27


Math 15 25 28


TIMSS 2003 International Benchmarks of 
Math and Science Achievement


US Rankings in TIMMS Study: 
Trends in International 
Mathematics & Science Study
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Between 1986 and 2000, the annual growth in first university degrees in 
science and engineering increased by more than 75% in East Asia, and 
less than 19% in the U.S. In this plot, East Asia represents the combined 
total of Japan, China and South Korea. 54


In this plot, East Asia represents China, Japan, South Korea, 
and Taiwan. Data for South Korea in 2001 are estimated. 57


Figure 1: Science and Engineering First 
University Degrees in the U.S. and East Asia


Figure 2: Science and Engineering Doctorates 
awarded to U.S. and East Asian Citizens







Barriers to rapid introduction of new science concepts


• Lack of well-trained teachers
• Diverse science curricula and learning standards 
• Lack of student interest in math and science
• Course content rapidly out-of date
• Lack of researcher involvement in pre-college 


science education
• Crowded curricula
• Limited education budgets


How can we take on these challenges to 
quickly introduce new science concepts into 
secondary and tertiary classrooms?







Goals


1. Horizontal Integration (across disciplines and 
communities)
Examples: Eliminate Departmental Barriers; Offer 
cross-cutting, theme-based courses; Create 
interdisciplinary degree programs; etc.


2. Vertical Integration (across levels)
Examples: Partner with teachers & schools to integrate 
new content into existing curricula; Involve university 
faculty; Offer excellent professional development and 
research experience for teachers; etc.







3. Motivate student interest in science and engineering
Examples: Engage students early; Offer sustained 
access to science education; Create exciting, engaging 
programs that are relevant to them! 


Goals


Use Inquiry-and Design to stimulate their natural 
curiosity & creativity!







National Center for Learning and 
Teaching in Nanoscale Science and 


Engineering


R.P.H. Chang 







Center Mission & Vision
Mission: Build national capacity in Nanoscale 
Science & Engineering (NSE) Education (grades 7-16)


Vision: Develop a globally competitive NSE 
workforce and train a national cadre of leaders in NSE 
education


Developing New Learning NSEE Knowledge   
Curricula Standards Base


Learning and teaching through 
inquiry and design of 


nanoscale materials and
systems for applications







Center Goals


• Develop fundamental research in nano science and 
engineering education (NSEE). 


• Develop knowledge base and model for teaching NSE, 
equipping future leaders in NSEE. 


• Develop proto-type curricula for teachers and students.


• Equip Teachers/Professors in NSE learning and 
teaching. 


• Establish NCLT as a national and global leader in NSEE.







A. The scale of matter determines its nature and properties.
B. Dominant forces in the nanoworld are different from 


those in the macro world.
C. Materials and phenomena in the nanoscale may or may 


not behave the same way as in the macroscale.
D. The unique properties of nanomaterials can be used to 


advance technology and improve quality of life.
E. New concepts can be derived from interdisciplinarity and 


complexity at the nano level.
F. Geometry can have an impact on nano materials design 


and applications.


Link to National Standards: (A, C) NSES/5-8/B/1/a, Properties and changes of 
properties in matter; 2061/6-8/4D/1, The structure of matter; 2061/6-8/11D/1, Scale; 2061/6-
8/12B/9, Computation and estimation; 2061/9-12/11D/2, Scale. (B) 2061/6-8/4G/1, Forces of 
Nature; NSES/9-12/B/4/d, Motions and Forces. (D) NSES/5-8/F/5/d, Science and technology in 
society; NSES/9-12/E/2/b, Understanding about science and technology; 2061/9-12/8B/3,4, 
Materials and manufacturing. (E) NSES/5-8/F/5/d, Science and technology in society; NSES/9-
12/G/1/a, Science as a human endeavor. (F) 2061/9-12/9C/2, Shapes.


Some “Big” nano concepts and learning goals, 
relating to materials







Highlights: NSE Learning Research


– Big Ideas in NanoScience
– Learning Progressions
– Concept Inventories
– Professional Development 


Research
– Higher Education Learning 


Research
– Impact of NCLT Learning 


Research on science 
education







NCLT Professional Development


100+ Network of Schools & Teachers 
being trained  to incorporate NSE into 
their classroom


Purdue


ANL AAMU HU UTEPFISK
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Manipulating Light in the Nanoworld


APPLICATION: Creating Opal-like, Photonic Structures


INVESTIGATION: Light Interacting with Nanostructures


Diffraction


Homemade CD-ROM 
spectroscope


Interference Reflection due to structure


Self-assembly of 
polystyrene beads


Artificial opal
by design


Natural opal


Predict  structure 
via simulation


TE


TM


TE


TM


Total reflection


Light transmission







Gold Colloids: Interactive Software
• Animation of light 


interacting with 
electrons of colloids


• Pre- and post-tests 
assess learning


• Revisions based on 
educator feedback & 
data collected at 
university, college, & 
high school levels


• Currently replacing 
most text w/audio







2008 NCLT Faculty NSEE Workshop


Workshop Participants:
• 50 faculty participants from 


35 colleges/ universities
– 5% “Future Faculty”
– 20% Women
– 33 % from minority-


serving institutions


Major outcomes:
• “Expert” concept-mapping of 


“Big Ideas” in NSEE 
• Exemplars of “Construct-


Centered Design” to develop 
nanoscience content for 
courses 


To be posted on the NCLT 
NanoEd Resource Portal


Alabama A&M University   March 26-29, 2008







NCLT NanoEd Resource Portal
• Dynamic repository of free 


NSEE materials
• National & Global 


dissemination
• Wide range of nano-related 


content: 
 Courses to enhance teaching
 Simulations to supplement 


teaching material
 7-12 grade Lessons & Activities 


for STEM curriculum
 Seminars to advance NSEE 


community knowledge and 
network


• Packaged and categorized 
for the end-user


Focus on both 
the cutting-edge 
nanoconcepts & educational 
methods for teaching NSE


NCLT Seminars







Resource Gathering & Networking
Networking:


(1)  Linking with NNI Center        
programs in Education


(2) Outreach & Working 
with School Districts  


(3) National NSEE 
Workshops


(4) NCLT Seminars
(5) Helping establish 


community College
Nano Networks


(6) Developing Global 
Partnerships in NSEE


(7) NanoEd Resource Portal


Building an
NSEE Community
• connect diverse stakeholders in 
academia, government and industry
• serving a wide rand of disciplines, 
instructional levels, and populations







Develop a New Network of Regional Hubs


• LSU


• UCLA


• CSU


• SUNY-
Albany


• (NW - TBD)


• (SE - TBD)


New partners 
in Phase II


In time, regional hubs develop own brands of advanced NSEE 
capabilities, perpetuating legacy of enhanced capacity & sustainability.







Materials
WorldModules


An NSF Inquiry-based Science and
Technology Education Program



http://images.google.com/imgres?imgurl=www.kellogg.nwu.edu/research/math/splashseal.gif&imgrefurl=http://www.kellogg.nwu.edu/research/math/&h=260&w=260&prev=/images%3Fq%3Dnorthwestern%2Buniversity%26start%3D120%26svnum%3D10%26hl%3Den%26sa%3DN�

http://images.google.com/imgres?imgurl=www.orau.org/nsf/NSF.gif&imgrefurl=http://www.orau.org/nsf/nsffel.htm&h=240&w=364&prev=/images%3Fq%3Dnsf%26svnum%3D10%26hl%3Den%26sa%3DG�





Materials World Modules


• Composites
• Concrete
• Sports Mat’ls


• Biodeg. Mat’ls
• Biosensors
• Food Pkging Mat’ls


• Light in the nanoworld
• Conductivity


• Environ. Catalysis
• Nanotechnology


• Ceramics
• Polymers
• Smart Sensors


Published Modules:







MWM
A Total Educational Program


Interactive
CD-ROM


Web Support 
for students
& teachers


9 Hands-on,
inquiry-based


Modules 


Module 
Booklets & 


Activity Kits


Training/
Workshops 
for Teachers 







www.materialsworldmodules.org







• What is needed to accelerate nanotechnology-related education and 
workforce development? Where are the needs most urgent?


Nanotechnology Workforce Development 
& Education


• Nanotechnology workforce development requires a broad, hands-on education that 
prepares technicians to work in any industry using micro- or nanotechnology


• Fabrication approaches (e.g., self-assembly, chemical vapor deposition)


• Characterization (e.g., scanning probe and field emission scanning electron microscopies 


• According to a survey of 100 U.S. manufacturers carried out in 2007 with the 
National Council For Advanced Manufacturing (NACFAM), there is  an urgent need 
for technicians with broad nanotechnology skills.  


• The task of delivering the required, broad nanotechnology education and workforce 
development falls mainly to community and technical colleges. 


• These institutions need the resources to be able to meet this task. 


• The solution is resource-sharing partnerships that make the nanotechnology 
facilities and capabilities of research intensive universities available to community 
and technical colleges for nanotechnology workforce development.


• The NSF National Nanotechnology Applications and Career Knowledge (NACK) 
Center is mandated with forming such partnerships. 







• What should be done in the immediate future to meet these needs, and 
at what level (i.e. federal, regional, state, local)?


Nanotechnology Workforce Development 
& Education


• What is most needed to create the required nanotechnology workforce is to 
encourage and sustain resource-sharing partnerships between research 
universities which have the facilities and expertise and the country’s two-year 
degree-granting community and technical colleges.


• Local, regional, and state support are required to form (1) teaching locations or 
(2) regional centers that are supported (via web access or physical attendance) by 
research universities. The research universities have to be sustained in this 
resource-sharing endeavor by state and federal support.


• Support from state governments for nanotechnology education partnerships 
involving community and technical colleges on one hand, and research intensive 
universities with nanotechnology facilities on the other, is especially crucial.







Oklahoma Nanotechnology
Education Initiative (ONEI)


Preparing Oklahomans to Succeed 
in the Workplace, in Education, and in Life.







National Science Foundation (NSF) 


• NSF Advanced Technological Education 
Grant (ATE)


• Lead Institutions
– Oklahoma State University-Okmulgee
– Oklahoma Department of Career and 


Technology Education







Workforce Needs


The United States will need between one and two 
million new workers trained in nanoscience, 


with a majority of these workers requiring only a 
two-year postsecondary degree.


Uldrich, Jack. A skilled workforce: If you build it, businesses will 
come. smalltimes.com, 2005







The Challenge


Secondary school students have grown up around 
computers in the information age. They are at 
home with the concept of moving information 


electronically but are not at home with the 
concept of literally moving molecules around to 


create and build. . .They know little about 
nanotechnology. 


This lack of knowledge is one factor that impedes 
the development of a nanotechnology workforce.


Fonash, Stephen. Education training and the nanotechnology 
workforce. 2001 







ONEI Goal 


To develop a technician workforce that will 
advance industries’ use of 


microtechnology and nanotechnology.







Our Approach


• Develop Career Awareness Activities
• Develop Resources to Support Career and 


Technology Education Programs 
– Pre-Engineering
– Manufacturing
– Aviation and Aerospace


• Develop Applied Associate Nanotechnology 
Degree – NanoScientific Instrumentation 


• Provide Faculty Development
• Create Educational Pathways







Proposed Educational Pathways







Leveraging Resources


• The Regional Center for Nanofabrication          
Manufacturing Education (Penn State)


• Southwest Center for Microsystems Education
(New Mexico)


• University of Tulsa


• Oklahoma State University







Collaborative Efforts


• Accessing Curriculum and Shareable Content     
Objects


• Uses Existing Experimental and Lab Modules  
• Replicating Teacher Development Workshops
• Remotely Accessing Nanoprocessing                              


Equipment 
• Collaborative Student Projects







Understanding industry needs is 
critical to our success. 


We appreciate all the support we 
have already received from the 


ONI and industry!







www.igert.neu.edu


• IGERT grant from NCI through NSF 2005-2010
• 25 Doctoral trainees, 25 Masters and UG 


Associates
• > 40 research projects in diagnostics and 


therapeutics using nanoplatforms
• 3 new nanomedicine courses established
• Interdisciplinary seminars, guest lecturers from 


hospitals and industry, international 
collaborations


• Vigorous outreach and internship components


www.igert.neu.edu


Sri Sridhar, Electronic Materials Research Institute



http://www.bidmc.harvard.edu/�





www.igert.neu.edu


NEXT STEPS
• New Ph.D., M.S., Certificate, M.D.-Ph.D 


programs
• Expand model to other geographic 


locations – U Puerto Rico, Tuskegee,….
• Extensive international interest –


Expand partnership with Uni Napoli, ….







www.igert.neu.edu


What is needed to accelerate nanotechnology-related education and 
workforce development? Where are the needs most urgent?


• Develop  truly integrated K-99 education programs in all 
geographic regions


• Establish more programs and curricula at universities in 
nanomedicine and nanotechnology


• Universities need to promote interdisciplinary education that is 
essential to this field 


• Need adult education programs that can retrain workers for 
employment in this field


• Train the teachers to promote K-12 education in nanotechnology
• Develop media information outlets to enhance public awareness 


of nanotechnology and nanomedicine 







www.igert.neu.edu


What should be done in the immediate future to meet these needs, 
and at what level (i.e. federal, regional, state, local)?


• Investments by federal, state and local agencies to foster 
innovation in education


• Governments (federal, state, local) should provide the funds 
and allow education community to develop varied programs


• Require alliances for collaboration among different 
stakeholders – government, non-government, universities and 
schools, business and venture communities


• Fund programs for student internships in industry
• Ensure that programs provide access to under-represented 


sections of the population







1,000,000


1,000,000


75,000,000


200,000+


100,000+?


2,000,000+?


200,000+


Radio


Chronicles



http://www.nanooze.org�





Informal







What’s a nano?







Dale Cohen, Bob Siegler, Judy DeLoache 
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Nanotechnology Research & 
Manufacturing Infrastructure 
Development


•Mark Tuominen - UMass Amherst, NSF NNN
•Sean Murdock - Nano Business Alliance
•Mike Postek - NIST, Manufacturing Engineering Laboratory
•Dave Arthur - SWeNT
•Marty Fritts - National Cancer Institute, NCL







• What improvements or additions to U.S. R&D infrastructure 
would catalyze nanotechnology innovation?  What presently 
unavailable (or underavailable) facilities, tools, or services 
are most urgently needed?


Nanotechnology Research & Manufacturing 
Infrastructure Development


• What should be done in the immediate future to meet these 
needs, and by whom? What roles should federal, regional, 
state, or local entities take in infrastructure development? 
What are the roles of government, academia, and industry, 
as developers and as users?







• What improvements or additions to U.S. R&D infrastructure would catalyze 
nanotechnology innovation?  What presently unavailable (or underavailable) 
facilities, tools, or services are most urgently needed?


• Development of an accurate measurement support infrastructure.
– Nanomaterial Database development relies on the quality of the data submitted


• Nano-risk Framework (DuPont and Environmental Defense Fund) 


• NIH NanoHealth Initiative 


• EPA – Nanoscale Materials Stewardship Program


– Standards and procedures for instrument performance and calibration essential
• SEM Calibration study 10-60% calibration error


• Development of a unifying industrial consortium (SEMATECH) for 
nanotechnology capable of developing and maintaining a nanotechnology 
roadmap (ITRS-like). 


– SEMATECH began as a Federal/State/government/industry partnership


– Pre compeditive issues; Guide instrument manufacturers


– Ensure tools are available when needed 
• Instrumentation and Metrology for Nanotechnology 


http://www.nano.gov/NNI_Instrumentation_Metrology_rpt.pdf


• Instrumentation, Metrology and Standards for Nanomanufacturing http://www.manufacturing.gov


Accuracy is telling the truth, 
Precision is telling the same lie over and over again


Nanotechnology Research & Manufacturing 
Infrastructure Development – Mike Postek, NIST



http://www.manufacturing.gov/�





• What should be done in the immediate future to meet these needs, and by 
whom? What roles should federal, regional, state, or local entities take in 
infrastructure development? What are the roles of government, academia, and 
industry, as developers and as users?


• Follow the models demonstrated by Oklahoma Nano and Albany Nanotech 
where the states had the vision to work together with industry to significantly 
seed fund the nano-activities. Because of investments in New York significant 
economic benefits realized:


• Convinced SEMATECH to move to Albany


• Developed state-of-the-art fabrication facilities ($XB+)


• Developed strong collaborations with instrument companies to put equipment into the fabs


• Fostered economic development by facilitating the move of AMD (and others) to the area.


• Similar successes were reported by Oklahoma Nano


• Explore development of a unifying organization or consortium to assist in solving 
of pre-competitive research issues and problems. 


• Nano-consortium (Predictive Modeling)


• Understand and promote the need for accuracy of nanomaterial characterization


Nanotechnology Research & Manufacturing 
Infrastructure Development – Mike Postek, NIST







Supply Applications


Metrology HSE


Infrastructure


Dave Arthur, SWeNT







U.S. R&D infrastructure to catalyze nanotechnology innovation.


• The capability to intelligently design nanomaterials.   This requires


– Sufficient data characterizing nanomaterial structures in the design space of interest,


– Sufficient data characterizing their activity in the design space of interest,


– Structure-activity relationships (models at many levels, but especially at the molecular level),


– Computation to supplement characterization.


• Data gathered using standard protocols (for both structure & activity) for meaningful data exchange, 
collaboration and training


• Commonality in instrumentation available for research, scale-up and manufacture


• Databases and Collaboratories to accelerate (precompetitive) research/engineering 


Most urgently needed unavailable (or underavailable) facilities, tools, or services.


• Formation of and support for Communities Of Interest – remove silos and collaborate


• PPPs for development of: instrumentation; metadata, ontologies and infrastructure; computation 
(code sharing/collaboration); characterization; standards.


• New mechanisms to accelerate research, scale-up, manufacture and regulation:  remote access to 
national facilities for structure determination (SSRL, APS, ORNL Neutron Spallation Source, UTalca); 
expanded services for characterization (e.g. NCL);  new services for scale-up of nano concepts (e.g. 
BDP); a separation science initiative.


Nanotechnology Research & Manufacturing 
Infrastructure Development – Marty Fritts, NIH                


The capability to intelligently design nanomaterials.







Federal, regional, state, or local roles in infrastructure development?


Roles of government, academia, and industry as developers and as users?


Assumption.  Roles designated are for establishing pilot projects only: The pilot projects will 
determine stakeholder requirements, and realistic follow-on program goals, plans and 
stakeholder roles based on experience and lessons learned.


• Example. Provide thorough characterization using standard protocols for a small number of 
specific nanomaterials; use national state-of-the-art facilities to determine their structure 
(initiating user service for sample prep and remote access); develop SARs using resultant data 
and computation; and evaluate if all stakeholder requirements have been met and if new 
requirements are needed.


• Emphasize the science; involve collaborations among a large number of stakeholders, entities 
and disciplines to provide robust initial requirements for the pilots, as well as evaluate the pilot 
results prior to initiating the next stage.


• Informatics should federate existing databases, concentrating on common metadata and 
ontologies; use examples of shared (pre-competitive) data to show the utility in developing 
SARs.   Systems should be built to provide secure storage of private data for limited sharing; 
sharing public data developed using government funds; and exploring the use of anonymous 
data.  Regulators must be involved.


• PPPs should be used for broad involvement in development of instrumentation, standard 
software and standards for software as well as above projects.


Nanotechnology Research & Manufacturing 
Infrastructure Development – Marty Fritts, NIH







Nanotechnology Research & Manufacturing 
Infrastructure Development – Mark Tuominen, 
NNIN


Nanomanufacturing Infrastructure: Physical and Intellectual
Information • Tools • Know-how • Roadmaps


Information - enabling product design and manufacturing design 
• Nanomanufacturing process-property relationships
• Nanomaterial properties data - with statistics and metadata
• Experts and facilities
• Suppliers of materials and tools
• Documentary standards
• Data curation
• Federation of data and information







Tools - enabling commercial scale production
• Scalable tool development for emergent nanomfg processes 
• Nanomfg process control technology - measurement & control
• A high level of automation 
• Standard reference materials
• Nanoinformatics tools - search, model, design, evaluate


Know-how - enabling manufacturing craftsmanship and innovation
• Training of students in nanomanufacturing science and engineering
• Professional development of technicians and engineers
• Innovation and technology management best practices


Roadmaps - enabling the way forward by pooling resources and expertise
• Topical clusters/Industry clusters -- "all politics is local"
• SEMATECH-like model for other nanomanufacturing cluster areas
• Communicating industry needs to academic and government scientists
• Culture of sustainable manufacturing


Nanotechnology Research & Manufacturing 
Infrastructure Development – Mark Tuominen, 
NNIN
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Focus on Economic Development & 
Commercialization


Moderator: Mike Moradi (Charlesson Pharmaceuticals)


Short statements:
Jim von Ehr (Zyvex)
Michael Carolina (OCAST)
Alan Brown (Pa NMCC)
Mostafa Analoui (The Livingston Group)







• What are the needs for successful economic development and commercialization of 
nanotechnology? Please provide any helpful examples of clever models for 
nanotechnology commercialization and collaboration. 


• Needs
– Capital


– Talent


– Facilities


– R&D-friendly policies and environment


• Clever Examples from Other Industries
– Kentucky 1:1 SBIR matching (though ran out of $$$) 


– MINDLAB – Oklahoma City biopharma community’s “Multidisciplinary IND-enabling LABoratory”


– Massachusetts Life Science Initiative (LSI) – $1B for 10 years, creates 5 clusters, workforce, capital


– San Jose Bio Center – office + wet lab for startups.  Cluster has grown 28%/year since 2002
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• What has to be done in the immediate future to meet these needs, and at what level 
(federal, regional, state, local)?


• Federal
– Senate: NNI Reauthorization


– NIH, NSF, DOD, DOE – continue to fund basic and translational research


• Regional
– Cluster – Build upon strengths where industrial base exists


• State
– Tax Incentives, “cluster” facilities built around natural strengths


– Support commercialization-oriented professors, serial entrepreneurs, etc


• Local
– Talent!!!!  Capital formation within communities


– Marshall resources to capture stimulus funds, seek short-term opportunities where possible
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• Four regional initiatives I’m familiar with
– Texas: Emerging Technology Fund: $200M/2 yrs + $185M/2 yrs


• Research Superiority Acquisition; Research Matching; Commercialization


– Ohio: Third Frontier: $1.6B/10 yrs; numerous sub-programs


– South Dakota: Governor’s Office of Economic Development


– Singapore: EDB, SPRING, et al


• Similarities
– Focus on job creation in targeted fields


– Try to fill in for lack of early stage capital


– Use leverage from federal & private sources


– Most require partnerships with universities, can be defocusing


• Differences
– Equity vs. non-equity
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• The backdrop
– Early stage capital is scarce


– Exits are few, and IPO exits unlikely


– Few companies have commercially viable models today


– Launching takes longer due to headwinds of economy, NGOs


• Helping
– Capital is important, but infrastructure matters (business climate, talent, 


access to equipment, partners, communication & transportation)


– Government money has strings – or more accurately, tangled nanotubes, and 
often arrives too little, too late, with too many hours of reporting


– Companies have to do their part by getting profitable sooner, on fewer $$


• VC model is in hibernation, may be defunct in USA


• Era of hypergrowth & sell-out via IPO is over (at least for a decade)


• Private equity buyout for leveraged cash flow can be exit target, if PE 
survives the expected Congressional overreaction to the financial crisis
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Michael Carolina







OCAST


Since 1987, the state’s agency and 
engine for technology development, 
transfer and commercialization.











Pent-Up Demand
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First Year $1,251,013 $   770,716


Second Year$1,066,114 $   559,454


Third Year $   298,950 $   169,830


Total $2,616,077 $1,500,000







• What are the needs for successful economic development and commercialization 
of nanotechnology? Please provide any helpful examples of clever models for 
nanotechnology commercialization and collaboration. 


Needs:


• Start-ups need more than $ (E.g. business advice and coaching)


• Commercialization of Nano longer – need to provide longer term support before 
VC investment


• Is existing SBIR/STTR model  adequate for Nano? (E.g. what does 
commercialization mean for carbon nanotubes?)


Clever Models:


• PA Nano Commercialization Center Model – emphasis on partnerships and 
customized support


• Leverage successful Open Innovation models of large corporations to provide 
commercialization resources and support.
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• What has to be done in the immediate future to meet these needs, and at what 
level (federal, regional, state, local)?


• NNI Act: more specific language and funding to support commercialization


• Prototype a national network of public-private partnerships which are market 
driven  (not tech push) , and focused on exploiting  nano commercialization 
opportunities. Model this on the successful NIST MEP model (e.g. 1/3 federal, 
1/3 state, 1/3 industry)


• Provide support for more flexible (i.e. consulting) approaches to funding nano 
commercialization projects (I.e. minimize “one size fits all” models like 
SBIR/STTR)
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