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Lux
 

Research profile

Primary research methodology: Focus on 

 proprietary interviews and site visits
•

 

> 1,400 interviews last year
•

 

Site visits in 18 countries, China to Dubai

Clients on five continents

Delivers value via analyst inquiry, weekly 

 intelligence reports, and semi‐annual State 

 of the Market reports

Retainer‐based services in solar, energy 

 storage, nanomaterials, water and life 

 sciences

Source proprietary ideas from Lux Research 

 Network of execs + scientists

Diverse, 40‐person team; Ph.D scientists to 

 market researchers

21st

 

Century R&D Act signing in Oval Office

Josh Wolfe,

 

Director, Lux Research

LR Chairman 

 

Peter Hebert 

 

on CNBC

LR President Matthew Nordan testifying 

 

before U.S. Congress
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Our journals and reports provide information and insight for 

 corporations, governments, and universities

Alliances Director: Acquisitions, funding 

 
history, key investors, phase in 

 
development

Business Development Manager: 

 
Potential and current partnerships, new 

 
opportunities, competitors' interests and 

 
deals, licensing data, adjacent 

 
technologies, upfront and milestone 

 
payments

Legal/in‐house counsel: IP position, past 

 
or current litigation

Research and Development: scientific 

 
references, new instruments and 

 
approaches

...plus market sizes, competitor 

 
comparisons, historical data, and more
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Outline

Nanotechnology in industry and commerce

Nanotechnology investment and revenue internationally

Nano EHS trends in science, perception, and regulation

Recommendations for a way forward

“California can become ‘the place to do nanotech’

 

if we regulate it well. In China 

 everything is nano, for better and for worse. We don’t want nano to become 

 the next "GMO" ‐‐

 

nano should keep its head held high.”
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Outline

Nanotechnology in industry and commerce

Nanotechnology investment and revenue internationally

Nano

 

EHS trends in science, perception, and regulation

Recommendations for a way forward
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How most people see nanotech products today

Mundane but Useful

Real

Visionary but Scary

Imaginary

Mundane and Scary

Not

 

nano

?
Visionary and Useful

Real

http://www.amazon.com/gp/product/images/B0000CBAMW/ref=dp_primary-product-display_0/002-9248649-3208051?_encoding=UTF8&n=1036592&s=apparel
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Nanotech energy creation will emerge in niches

Today: Flexible, inexpensive, powerful 

 solar cells could make rooftops into 

 generators ‐‐

 

and better align supply and 

 demand
•

 

Konarka, Nanosys, Nanosolar

Tomorrow: Nanoporous

 

filters could 

 reform natural gas onboard vehicles for 

 fuel cell applications

In years: White/industrial nanobiotech

 might create organisms or organic 

 materials that produce H2 or EtOH

 

in 

 commercially meaningful quantities
•

 

Synthetic Genomics, Hydrogen Solar
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Nanotech provides unparalleled improvement to 
 energy distribution

Today: Aerogel

 

insulators reduce 

 oil pipeline energy costs and 

 logistics/installation costs
•

 

Aspen Aerogels

Tomorrow: Batteries with 

 nanostructured

 

electrodes extend 

 hybrid vehicle range 5x, achieving 

 180MPG and plugin

 

recharging 

 practical
•

 

Altair, A123

In years: Carbon nanotube

 

power 

 cables would transmit energy 

 hyperefficiently

 

(10x Cu at 15% of 

 weight) 



State of the art and key developers in electronics 
 nanotechnology
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Nanotech in Electronics: Key companies
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Nanowire
 

Device Fabrication 
 (with Kayte

 
Fischer, Desai Lab, UCSF)

Nanowire

 

Dimensions:
40-90 nm diameter
5-40 μm

 

length

Novel 3D nanowire

 

coating technique 
applied to silica beads



Cell‐Nanowire
 

Interface

Nanoscale

 

features allow interdigitation

 

with 
microvilli, leading to increased van der

 

Waals

 

force
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Nanoparticulate
 

reformulations are battling cancer

What it does: Formulates drugs into nanoparticles

 

with improved solubility 

 and bioavailability 

How it works: Mechanical milling or chemical processes yield nanoparticles; 

 polymers/stabilizers/surfactants keep them dispersed

Stage of development:

 

Four drugs on market now; many more in pipeline

Who’s developing it: APP, Baxter (U.S.), Elan

 

(Ireland), Solubest

 

(Israel), 

 Eurand

 

(Italy)
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Polymeric nanoparticles
 

are targeting genetic 
 disease

What it does: Protects active from being attacked by immune system and/or enables 

 
triggered release by emedding

 

drug in void or surface of nanosphere

How it works: Phospholipid

 

or polymer monolayer surrounds spherical core; active 

 
may be enclosed within core or “dissolved”

 

into GRAS/DMF monolayer

Stage of development:

 

$100m+ drugs on market (J&J Doxil

 

liposomes)

Who’s developing it: Wide variety; key ones include J&J, Gilead (liposomes); 

 
Nanocarrier, Nutralease, Samyang

 

(micelles); Kereos

 

(nanomeulsions)

Micelle Liposome Nanoemulsion

 

(Kereos

 

example)
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Nanotextured
 

materials offer chemical‐free control 
 of stem cells

Preferential differentiation
•

 

Stem cells adopt bone, muscle or cartilage 

 
based on substrate pattern alone ‐‐

 

no 

 
biological or chemical signaling (Dalby, Univ

 
Glasgow)

Maintenance in pre‐differentiated state
•

 

Difficult to proliferate stem cells without 

 
inducing differentiation

- Mouse feeder cells contaminate hESCs

 
with mouse proteins ‐‐

 

all existing 

 
Federally‐acceptable stem cell lines are 

 
contaminated

•

 

Nanotextured

 

surfaces can facilitate 

 
proliferation without differentiation (see F 

 
Besenbacher, Univ

 

Aarhus

 

(DK), others)
SEM image of human fibroblast 
producing large processes in 
response to polymer islands 95 nm 
high (Source: Dalby)
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Noninvasive cancer therapy: Magforce

15nm dia

 

FeO

 

nanoparticles

 

injected directly into tumor site. 

 
Alternating magnetic field (similar to MRI) heats up 

 
nanoparticles, destroying tumor from inside with minimal 

 
damage to surrounding tissue

Therapy system and nanoparticles

 

are classified as medical 

 
devices, not pharmaceuticals

Currently in Phase I‐III trials versus several types of solid 

 
tumors:

•

 

Glioblastoma

 

multiforme

 

successfully completed with 14 

 
patients (March 2003 ‐

 

June 2004)
•

 

Glioblastoma

 

and Astrocytoma, Grade III brain tumor 

 
recurrence: 65 patients

•

 

Prostate carcinoma recurrence after therapy
•

 

Esophagus carcinoma
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More examples, more conditions

Company: StarPharma
Condition: HIV
Particle: Dendrimer
Mechanism: Receptor blocking
Stage: Clinical Phase II

Company: Nanospectra
Condition: Cancer
Particle: Gold nanoshell
Mechanism: EPR, IR heating
Stage: entering Phase I

Company: 3DM Puramatrix
Condition: Nerve damage (tissue scaffold)
Particle: synthetic peptide
Mechanism: in-vivo self-assembling hydrogel
Stage: small mammal studies
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Outline

Nanotechnology in industry and commerce

Nanotechnology investment and revenue internationally

Nano

 

EHS trends in science, perception, and regulation

Recommendations for a way forward
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The nanotechnology value chain

Nanomaterials

Nanoscale

 
structures in 
unprocessed 

form

Nanoparticles, 
nanotubes, quantum 
dots, fullerenes, 
dendrimers, nanoporous

 
materials…

Nanointermediates

Intermediate 
products with 

nanoscale

 
features

Coatings, fabrics, memory 
and logic chips, contrast 
media, optical components, 
orthopedic materials, 
superconducting wire…

Nano-enabled products

Finished goods 
incorporating 

nanotechnology

Cars, clothing, airplanes, 
computers, consumer 
electronics devices, 
pharmaceuticals, processed 
food, plastic containers, 
appliances…
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Electronics‐
 

and healthcare‐based nanointermediates
 

do 
 especially well

0%

5%

10%

15%

20%

25%

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Profit margin

Manufacturing and materials Electronics and IT

Healthcare and life sciences Energy and environment
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Benchmarking 2004 forecast against current 
 estimates

Compared to projection, nanointermediates

 

are much smaller percentage of 

 nano‐enabled products 
>

 

More incremental innovations and fewer (high‐value) disruptive ones
>

 

Incremental improvements to more different product categories

US$
billions
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$1,000
$2,000
$3,000
$4,000
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$9,000
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Government funding Corporate R&D spending Venture capital

US$ millions

2008 2007

A full force of funding

http://images.google.com/imgres?imgurl=http://patcaporale.com/healthcare.jpg&imgrefurl=http://www.jeremybuff.org/NewBlog/archives/socialism-101-healthcare-is-a-right/&usg=__wetUZC97x-B9h1T6mAhJVSfqDjQ=&h=400&w=400&sz=43&hl=en&start=1&sig2=23X6zP-OZBTS3I0cJ5WVKA&tbnid=O5iS2OFTBelM-M:&tbnh=124&tbnw=124&ei=BvN8SbP7CtW_tge17bi6Dg&prev=/images?q=healthcare&gbv=2&hl=en
http://images.google.com/imgres?imgurl=http://www.care123.biz/MetricTest/Images/water.png&imgrefurl=http://www.care123.biz/MetricTest/CleanTech/CleanTechInfo.aspx&usg=__zI-z6QqhKVVzzLqRq-aRZzj3xQU=&h=251&w=270&sz=25&hl=en&start=52&sig2=38s1T4qi_opOpW-R_Owt9g&tbnid=7sJwGHONA97viM:&tbnh=105&tbnw=113&ei=2_J8SaHNMpqctwf-7Oy8Dg&prev=/images?q=cleantech&start=36&gbv=2&ndsp=18&hl=en&sa=N


U.S. , Japan, and Russia account for 52% of $8.4 
 billion government spending

Russia bumps Germany for 3rd place

$1.9 billion

$1.7 billion $0.8 billion

http://images.google.com/imgres?imgurl=http://www.russian-flag.org/russian-flag-640.jpg&imgrefurl=http://www.russian-flag.org/&usg=__fnFMXg-DZ-x6_JPrVKzhoyP6Dww=&h=511&w=640&sz=37&hl=en&start=2&sig2=P90Ybxs2mxXfCH3zPKyJ4g&tbnid=st-90XsczCi5OM:&tbnh=109&tbnw=137&ei=Dft8SfHbFpbGtgfl5cnDDg&prev=/images?q=russian+flag&gbv=2&hl=en


$0.8 billion

U.S., Japan, and Germany account for 74% of $8.6 
 billion corporate spending

Japan jumps over U.S. for top spot

$2.7 billion

$2.9 billion

http://www.ge.com/index.html
http://www.mitsui.co.jp/en/index.html


Nanotechnology is not limited to large or advanced 
 economies

Source: Lux Research

INDIA: President Abdul Kalam 

 
calls for India to become a 

 
leader in nanotechnology.

IRAN: Agriculture‐Jihad 

 
ministry announces launch 

 
of a nanotech research 

 
website.

BRAZIL: Launches an 

 
initiative to spend $30 

 
million on nanotech 

 
research in 2005 and 2006.

CHINA: Government nanotech 

 
initiatives going back to 1987 provide 

 
for expansive nanotech research, and 

 
nanomaterials suppliers like Sokang 

 
Nano proliferate.

TAIWAN: The Industrial Technology 

 
Research Institute (ITRI) back a network 

 
of nanotech centers to support industry.

SINGAPORE: State‐led 

 
initiatives focus on 

 
nanoelectronics 

 
applications.

AUSTRALIA: Nano‐biotech start‐

 
ups like pSivida and Starpharma 

 
develop innovative treatments.

THAILAND: Ministry of Science and 

 
Technology drafts a ten‐year plan to 

 
become an Asian nanotech leader.
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VCs splurge as investments jump 60% in 2008

http://www.pacificbiosciences.com/index.php
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VC investments aren’t informed by exits

Share of cumulative 
returns to VCs by sector

Share of total value 
of 2007 deals by sector
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Lux Research evaluated countries on two axes: nanotech 
 activity and development strength

Criterion Description

Nanotech initiatives 
Qualitative assessment of the operational status, 
effectiveness, and coordination of nanotechnology 
initiatives at the national, regional, and local levels

Nanotech centers
Number of dedicated government and university 
nanotech facilities in country

 

with a focus on either 
R&D or commercialization

Government 
spending

Amount of funding at regional and national levels 
specifically allocated to nanotechnology in 2008 

Risk capital

Qualitative assessment of availability of risk 
capital to fund new ventures, taking into account 
institutional venture capital, government grants, 
and subsidized loans

Corporate nanotech 
funding

Estimated spending by established corporations 
on nanotechnology R&D in 2008, at purchasing 
power parity

Nanotech 
publications

Number of articles in scientific journals on 
nanoscale science and engineering topics from 
1995 through 2008

Issued international 
patents

Number of international patents on nanotech-

 

enabled inventions issued from 1995 to 2008 to 
entities based in country

Active companies

Qualitative score;  considering both number and 
quality of companies active in nanotech, including 
large corporations, small and midsize companies, 
and start-ups

Criterion Description

High-tech 
manufacturing as 
percent of GDP

Value of domestic output for high-tech 
chemicals, information technology products, 
pharmaceuticals, and life sciences products 
for most recent year available divided by 
GDP in that year

R&D spending as 
percent of GDP

Gross domestic R&D spending from both 
government and private-sector sources 
divided by GDP, for most recent year 
available

Technology and 
science workforce 

Number of R&D personnel per $1,000 of 
GDP at purchasing power parity, for most 
recent year available

Science and 
engineering 
Ph.D.’s

Number of science and engineering Ph.D. 
graduates as a percent of total population, 
most recent year available)

Expatriation of 
highly educated 

Percent of highly educated leaving country in 
2008

Infrastructure

Composite metric composed of electricity 
availability (2%), mobile phones per capita 
(2%), Internet hosts per capita (2%), Internet 
users per capita (2%), and abundance of 
roads (2%), for 2008
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Evaluated countries on activity and development strength

Nanotech
activity

High

Technology development strength

DominantIvory Tower

NicheMinor 
League

2006 2007 2008
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U.S. still leads the pack

Nanotech
activity

Low

High

Low HighTechnology development strength

DominantIvory Tower

Niche

U.S.
Japan

South Korea

Germany

Minor 
League

2006 2007 2008
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Nanotech
activity

Low

High

Low HighTechnology development strength

DominantIvory Tower

Niche

U.S.
Japan

South Korea

Taiwan

Germany

Israel

Singapore

Minor 
League

Switzerland

Sweden

2006 2007 2008

Taiwan fails to break through
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China increases development strength

Nanotech
activity

Low

High

Low HighTechnology development strength

DominantIvory Tower

Niche

U.S.
Japan

South Korea

Taiwan

France

Germany

China

Israel

Singapore

U.K.

Minor 
League

Switzerland

Sweden

2006 2007 2008
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Italy gains momentum

Nanotech
activity

Low

High

Low HighTechnology development strength

DominantIvory Tower

Niche

U.S.
Japan

South Korea

Taiwan

France

Germany

China

Russia

Australia

Canada

India

Israel

Singapore

U.K.

Minor 
League

Netherlands

Brazil

Italy
Switzerland

Sweden

2006 2007 2008
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Outline

Nanotechnology in industry and commerce

Nanotechnology investment and revenue internationally

Nano EHS trends in science, perception, and regulation

Recommendations for a way forward
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All technologies carry risks; we must (and usually 
 do) learn to manage them

The Technology Internet and cell 

 
phones

Genetically‐

 
modified organisms

Stem cells

The Bad •

 

Viruses
•

 

Privacy
•

 

Piracy
•

 

Porn
•

 

ADD
•

 

Brain cancer

•

 

Frankenfoods
•

 

Jumping genes
•

 

Economic 

 
displacement

•

 

Religious issues

The Good •

 

Google
•

 

iPhone
•

 

YouTube

•

 

Insulin
•

 

Less pesticide
•

 

Drought tolerance

•

 

Nerve repair
•

 

Cancer treatment
•

 

More to come
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Corporate nanotech leaders cite growing cynicism

6%

10%

26%

26%

32%

35%

42%

0% 10% 20% 30% 40% 50%

Slow development times

Scale

Small market

Quality issues

Nanotech backlash

Cost

EHS issues

“What are the challenges facing nanotech development and 
commercialization today?”

n=31
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Three aspects of nanomaterial safety 

Real Risks

Rat exposed to cobalt nanoparticles on the 
left side, bulk cobalt on the right side

Best case: Nanomaterials prove to be 
more dangerous than ordinary substances 
in only a handful of cases  

Worst case: Studies show that many 
nanomaterials have elevated hazard and 
are more difficult to control

Nanomaterials might have negative 
effects on people or the 
environment

Perceived Risks

Protest of the use of Nano-Tex fabric 
treatment outside an Eddie Bauer store

Best case: Consumers appreciate the 
benefits nanomaterials can offer and 
embrace the technology  

Worst case: Nanotech comes to be seen 
as synonymous with danger and 
consumers are reluctant to accept it

Nanotechnology might come to be 
seen as unsafe –

 

irrespective of 
actual harm

Regulations

Text of the Environmental Protection 
Agency’s Toxic Substances Control Act

Best case: Existing regulatory frameworks 
case be painlessly adapted to manage 
nanomaterials

Worst case: Risks drive regulators to 
impose stringent testing requirements on 
all nanomaterials 

Regulations might –

 

rightly or 
wrongly –

 

slow or block 
commercialization

… but uncertainties exist around each.
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Real risks

Published research into nanotech EHS has increased 

 dramatically since 2004 – 64% of all papers since 1980



Researcher(s) Year Description People Region Awareness Attitude Key finding

BMRB Social 
Research 2004 Face-to-face 

survey 1,005 U.K. Low
Of those who could define it, 
68% thought it would improve 
life

Cobb & 
Macoubrie 2004 Telephone 

survey 1,536 U.S. Low 78% thought benefits would 
outweigh or be equal to risks

Currall, et al. 2004 Web-based 
survey 4,543 U.S. n/a

Average respondent was “quite 
positive”

 

on a scale of 1 
(extremely negative) to 6 
(extremely positive)

Scheufele and 
Lewenstein 2004 Telephone 

survey 706 U.S. Low
52% supportive of nanotech, 
with more-aware respondents 
more supportive

Lee, Scheufele, 
and Lewenstein 2004 Telephone 

survey 706 U.S. Low

Benefits outweigh risks; both 
knowledge of and emotion 
about nanotech affect by how 
much 

Gaskell, et al. 
(Eurobarometer) 2005 Face-to-face 

survey 25,000 Europe Low
40% optimistic about nanotech, 
5% pessimistic, 42% don’t 
know the effect

Macoubrie 2005 Face-to-face 
focus groups 177 U.S. Low

After discussions completed, 
50% of participants were mostly 
or quite positive

Consumers know little about nano but are optimistic
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Regulation

Regulatory agencies are looking for data 

 before making any nano‐specific 

 regulations 

•
 

Data has been sloooooow in coming

Lawyers are ramping up nanomaterials 

 practices because of murkiness in 

 existing regulations

Local governments eye regulations 

 (Berkeley, Cambridge, Wisconsin, 

 Canada)



Manufacturing

Nanomaterial 
manufacturing

Transportation Transportation

Nanointermediate 
manufacturing

Nano-enabled product
manufacturing

Transportation

Use

End of life

Transportation
Disposal

Sewage

Landfill
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Structural 

 
composite for auto 
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Lux Research estimates hazard and exposure by life 
 cycle, material, and application
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Flexible solar cell
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. . . use
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Estimated risk 
level for 
applicationPotential exposure at . . .

…for dozens of 
 applications
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Other nano‐EHS observations

The number companies producing or directly handling nanoparticles will continue to grow.
•

 

A “do not touch”

 

policy would risk losing increasing amounts of business

Nanoparticles should not be treated as a class of materials by regulators or insurers. 
•

 

Make a value vs risk assessment and update as EHS knowledge grows.

Larger companies know what they’re doing; small(er) companies….not so sure.
•

 

Approach coverage of small companies carefully for nanoparticles

 

with significant risk, 

 
or significant uncertainty. Learn from large companies.

End of Life issues are lagging in terms of data development and understanding.
•

 

The biggest risk for insurers at the nanoenabled product part of

 

the value chain. Need to 

 
build internal policies while this knowledge gap is addressed

The landscape will be a lot clearer in 3‐5 years; stay engaged now
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Nanotech EHS: Recommendations

Nanotech companies should volunteer 

 information about their nanomaterials 

 to agencies and publics when and 

 before they request it

Regulators should tighten the 

 feedback cycle for information 

 gathering to less than 1 year

Investors must scrutinize the EHS 

 policies of nanomaterials companies 

 (and ANY companies) they fund

http://www.citi.com/domain/index.htm
http://www.credit-suisse.com/us/en/
http://www.jpmorganchase.com/cm/Satellite?c=Page&cid=1159304834085&pagename=jpmc/Page/New_JPMC_Homepage
http://www.morganstanley.com/
http://wellsfargo.com/
https://www.bankofamerica.com/index.jsp
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What’s the outlook over the next five years?

Global economics force nanotech developers to aim at near‐term 

 applications to generate cash

Electronic materials become all the rage

New industry clusters emerge

2009 administration changes in U.S. accelerate regulations

Flood gates open for food and personal care applications

Nanotech overtakes entire industries, and the term “nano”

 

fades from 

 view
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How did we get here? Where do we go next?

?

http://www.amazon.com/gp/product/images/B0000CBAMW/ref=dp_primary-product-display_0/002-9248649-3208051?_encoding=UTF8&n=1036592&s=apparel


Lux Research Inc.   1 Liberty Square   Boston, MA 02109 USA   Phone: +1 617 502 5300   Fax: +1 617 502 5301   www.luxresearchinc.com

Thank you
Mark Bünger
Research Director
mark.bunger@luxresearchinc.com

For more information, please see:
http://www.luxresearchinc.com/info/nanomaterials
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