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|. Scope of study

This study, requested by the French Ministry Défeng (Directorate General for
International Relations and Strategyderdirectarate for Dafiee Policy and Prospectivay
designed to assess where nanotechnologies R&D and industrial players are \wgladed
respect to defense and security, in France aref otiuntrieslt is based on available data and
publications, and on interviews with scientists. The report also attempts to provide a forecast.

Nanosciencebdbs and nanotechnol ogies cover
hardware systems in the nameter (nm) scale. They involve multidisciplinary scientific
fields, including physics and biology. They have the potential for breakthrough innovations,
whichwould provide economy or military advantage to countries which master them.

Several countries hav launched research and development initiatives in
nanotechnologies. Few among them are able to cover all subjects. Collaborations are therefore
often required between laboratories in different countries. France contributes significantly to
advances in tisi area, but has difficulty to capitalize on such reseddsmntifying potential
partners for French laboratories is therefore essential. It is also important to identify -defense
related strategic issues over which France does not have control, but @r fividing
partners is difficult, for various reasons.

In addition to France, 12 countries were studied: USA, India, Indonesia, Israel, Japan, Russia,
UK, Taiwan, Brazil, Germany, China and South Korea.

I.1 Multidisciplinary nature of nanotechnology

In recent decades, microtechnologies have taken over modern applications (programmable
coffee machines contain more than 10,000 transistors, for example). Nanotechnologies are
similar, just to a much smaller scale. At a billionth of a meter, a nanometelOB05imes
smaller than the thickness of a hair! Such dimensions are close to the size of an atom
(0.2nm).

Similar systems (thin protective films, for example) have been manufactured for a long time.
A new development, in the past two decades, has beeability to manipulate and design
simple, or even complex, nanomes&zed objects. Nanotechnologies are characterized by
their multidisciplinary nature. Indeed, they require chemistry, physics, biology and
engineering to work together. For example, biterials need skills in nanomaterials and life
sciences. Intelligent nanomaterials are based both on nanomaterials and information
technologies (sensors). Smart drugs require skills in life sciences, information technology and
nanomaterials.

Nanotechnologis interface with multiple other technologies. They may be challenging, but
they are also a source of new technical developments.
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Figure 1. Interaction zone between materials and other knowledge areas. The larger the circle, the more
interaction there is.
Source: Rice University, USA; 2009.

Enthusiasm for nanotechnology arises from new features they give to materials. The smaller
an object is, the bigger its outer surface is with respect to its volNamscale objects are
characterized by an identicabmber of atoms in their surfaces compared to the number of
atoms with respect to volume. Surface phenomena thus play a predominant role. At the atom
scale, conventional physics is superseded by quantum physics. For example, Van der Waals
forces (cohesivstrength of matter) predominate over gravity (since the mass of nanoparticles
is extremely low, gravity barely appliesfherefore, nanoparticles properties are different
from those of their macroscopic equivalents, such as for example:

1 higher melting pait® ;

1 Dbetter conductivity (depending on graphite sheet winding angle, a nanotube is either an
excellent conductor of electricity, or a semiconductor);

1 greater mechanical resistance (a carbon nanotube is 100 times stronger and 6 times
lighter than steel).

2Heeting a solid agitates the molecules it is made up of. When agitation is sufficient, Van Der Waals forces that
keep the solid together break down. molecules remain in contact but become separated. Regular arrangement in
space disappears. Melting switcheso#id to liquid state.
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Two technological approaches are possible to fabricate systems:

1 the first is thetop-down approach it involves cutting, carving or engraving a
material (such as a silicon wafer) to generate r&red objects, such as integrated
circuits producedby lithography) :

1 the second is thbottom-up approach, whereby naneized objects or systems are
assembled one atom after another, such as dendrimer syhthesis

—

botiom 0

&
9 =
7

Figure 2. "top -down" and "bottom -up" approaches.

©

% Lithography is a method whereby an image is printed on a flat surface; it is used in electronics.
“ Such nanoscopic sized macromolecules are characterized by a 3D structure; they are related to hyperbranched
polymers, in which brashed monomers are associated according to a tree process around a multivalent central

core. They generally have a globular shape. In addition, solubility of such macromolecules is greater than
analogous linear polymers.
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Nanotechnology
Top-down

Lithography Nano-imprint Cutting and thinning
Electronic device Volumes area
Particule and molecule Crystal, film et tube Dendrimer
Chemical synthesis Self-assembly Mounting placement

Nanotechnology
bottom-up

Figure 3. Difference between "topdown" and "bottom -up"” approaches.

Study of the Nano world includes:

Ananoscience which study composition of the matter, its properties and how is assembled
at the nanoscale;

A nanotechnologies which cover the techniques and tools used to study matter new
properties and to develop new devices, objects and systems based on those properties.

For many applications, nanoparticles with specific properties are included in a matrix,

thereby creating a functional composite mateddthough there may have been,aatime, a
craze on the potential applications of nanotechnology, many of the currently marketed
applications are restricted to a first generation of nanomaterials. These include:

- titanium dioxide nanoparticles, which are used in sunscreens, cosmetic®rard

food products;

- iron nanopatrticles, used in food packaging;

- zinc oxide nanoparticles, used in outside coatings, paints, and furniture varnishes;

- cerium oxide nanoparticles, used as a fuel cafalyst

In 2007, there were 500 consumer products basedrtawnology, mainly in the field of
health and sports, followed by electronics and information technology.

®Brasil investe no nanomund®, Gloko, 3 March 2011.

10
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Nanotechnologies have a tremendous application potential, and are a wonderful laboratory
for understanding the world at the nanoscale. But, to rtfedie application worthwhile, they
need to provide a significant advantage over existing technologies, either from the economy
or from the technology point of view. Thus, to replace a micro device, a Nano device needs to
provide one of the following ben&di
1 new features;

1 cost reduction while by providing the same functions;
1 significant performance increases at the same cost, or slightly higher.

Since many nanotechnologies may have both civilian and military applications, both areas
are closely related, drthus have a dual character. The use of civilian technologies in defense
can reduce costs, and may also reduce system obsolescence throcgfktiséedet devices or
systemsDefense also has a tricktlown effect on the civilian field, albeit to a lessxtent
than it used toHowever, it has the advantage, compared to the civilian field, of being able to
plan for the future by funding research which, while having no immediate applications, may
be of strategic interest for the lotgym.

.2 Health risks

Although nanotechnologies have advantages, they also may create risks to those who
manufacture or use them. There are different types of risks:

1 Most systems made up of nanomaterials do not pose a particular risk to users in
normal use. However, a riskay appear at the manufacturing level, if nanoparticles
are not entirely confined to prevent operators from contacting them. Also, during
deployment of nanostructured materials, at the end of their use or during
decommissioning operations, there is algesla of nanoparticle dispersion. In defense
matters, there may also be a risk when use of nanoparticles cause them to disperse,
such as when using ammunition which generates them.

i certain applications use nanoparticles and additives to prevent cakingasuoh
certain foods, or sun tanning products containing, i@oparticles. Long term safety
guarantee is not fully established, especially after long periods of exposure.

11
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|.3. Nanotechnology promises for defense and
security®

In addition b the many possible civilian applications, nanotechnologies may have defense
and security applications. Like the civilian field, four areas have a large potential for
applications: energy Nano sources, nanomaterials, Nano electronics and Nano sensors.

New threats

Nanotechnology can be a source of new threats from countries or terrorist. groepe
threats may be chemical, biological, radiological (dispersion of radioactive products), nuclear,
or based on difficult to detect explosives.

Vectorization nanotechnology and Nano encapsulatibrare being developed by the
pharmaceutical industry for making drugs and image contrast agents, and by the cosmetics
industry. Unfortunately, in the context of nonconventional weapons, technologies
developed to improre the administration of drugs can be used for the delivery of
biological or chemical agents.Nanotechnologies might thus help the militarization of
biological agents, toxins or chemicals, as follows:

- By preventing their fast degradation by air, sun ot irethe environment;

- By making it possible for such toxic agents to cross natural barriers preventing entry
into the body (bloo¢brain barrier or bloodissue barrier, e.g.);

- By transporting and targeting toxic agents to specific cells or organs, threckinyng
the doses necessary to achieve lethality, thus providing for new carriers such as water
and food;

- By facilitating release or activation of biological agents in desired amount at the
desired time;

- By making agents undetectable and unidentifiabjenflasking the sites recognized by
detection tools).

Many of these options would eliminate operational difficulties encountered during the
production of such weapons, and could therefore make them easier to use. Moreover,
production of nanomaterials hagraased significantly in recent years, and large quantities of
these are now available on the market. Meanwhile, prices of these materials have been falling.

®Chapters 11 and3lare drawn from the study: "Outlook in Strategic partnerships between France and Brazil in

nanotechnologies" Ariane Castel, Chlorodia Company, May 2013.

" Those act as a carrier for a bioactive molecule, which is atfaitheor incorporated into, nanomaterials
(certain polymers, carbon nanotubes, inorganic nanoparticles, etc.). Such materials can bind to receptors and
enter into cells. This greatly improves the efficiency of the bioactive molecule.

8 A bioactive moleculés contained within a capsule. This technique provides stability to an unstable bioactive

molecule, allowing it to be transported, as well as timed and controlled release.

12
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Nanotechnologies therefore make up a new threat requiring regulatory changes, in particular
exportcontrols.

New opportunities

Fortunately, nanotechnology can also improve detection and countermeasure devices
(detection of nuclear, radiological, biological, chemical and explosive attacks, as well as
neutralization of espionage devigedMiniaturizaton allowed by nano devices enables
development of discrete, leaost and lowpower consumption information gathering
systems. To allow wide deployment, sensors must be inexpensive. This is where
nanotechnologies can make the difference with microtechrespgince mass production
reduces costs while increasing device reliability and portability.

Figure 4 shows relationships between some technologies and some defense and security
needs. It shows items with dual applications.

This diagram shows the strong ality of nanotechnologies. For example, metallic
nanostructures (nanomaterials) which help making missiles lighter are also useful for
vehicles, aircraft or drones.

Moreover, it shows how mastery of a technology such as carbon nanotubes opens up to
numeros applications: improved battery performance, miniaturization of antennas and
storage memory, increased sensor sensitivity, and many others.

The diagram also shows how some capabilities are at the intersection of various fields of
applications (such as heties and materials); mastering those would impact many areas.

Nanomaterials may also find applications in protection systems, either as reinforcement or
armor against projectiles, or as skin providing stealthiness, with some nanostructures.

Nanoelectrordis makes production of miniaturized components possible, providing for
increased redundancy electronic system, thus improving reliability.

Portable energy sources are the weak point of most nomadic devices requiring $nehgy
power sources must haadarge energy density per volume and mass units. Volume and mass
do not always go hand in hand. Hydrogen, for example, which is a much talked about energy
carrier, has a high energy density per unit mass (33.3 kWh/kg, i.e. about three times that of
gasolne) but a low energy density per unit volume (1 kWh/L at 350 bar, i.e. 10 times less
than a liter of gasoline). Energy sources must be able to recharge quickly, must be strong,
reliable and able to withstand extreme conditions such as temperature, naetatio

Portable power sources include batteries, which can be made with many different
technologies. Li-lon technologies have become predominant, thanks to their good
performances. However, 1 kW/hr requires 5 kg of batteries to provide the same energy as
700grams of gasoline.

Pairing battery technology with a smart "power management system" based on miniaturized
electronic components is important to increase battery performance, durability and reliability
for specific missionsSupercapacitors, a complentary technology, also can provide power
while having a practically infinite number of duty cycle compared to batteries.

13
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A number of technologies provide for recovery of unavoidable energy, such as ambient heat,
vibration during movement, light, etc. Suttchnologies, although still emerging at the
industrial level, should develop in the coming decades. A case in point is thermoelectricity,
which requires nanengineering to achieve interesting performance fordogt applications.

Nano catalysis is a siiegic process area, providing a strong economic benefit through lower
costs and improved ease and efficiency of chemical reactions; it can even make some
chemical reactions industrially feasible.

14
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ll. Regulatory framework

This section contains an outlook of the current legal framework which can, to some extent,
i mpact Franceds industrial and ,¢aticdarlysie capa
terms of nanotechnology exports and imports.

1.1 Preamble

Current scientific research practices require researchers to publish and apply their
discoveries quickly, which inevitably leads to dissemination of information and development
of products before any potential restrictions for security purpose may be imposed.

I n the nineteenth century, Pasteur replaced
the notion of good or bad luck associated with an individual, by the preveriimiple,
based on scientific estimates of the spread of diseases in human groups. This prevention
principle itself was replaced, in the twetiigst century, by the precautionary principle when
Society took notice of uncertainties inherent to understandf our world, scientific as it
might be. Said precautionary principle, now part of the French Constitution, now causes over
control, as it tends to be applied to anything new, including nanotechiolafjigough
current nanotechnologlated regulatios are still minimal, they are expected to grow in the
near future.

In addition to the above precautionary principle, itself based on uncertainty about the effects
of nanotechnologies, other economar defenseelated considerations have been added.
Theyinvolve standards restricting nanotechnology data and products. The potential impact of
such growing restrictions on our industrial and defense capacities will be examined.

II.2 Regulatory constraints

As international, European and French laws are cotigtahanging, three types of
motivations leading to nanotechnolemglated laws can be identified:

A The primary motivation igprotection of people and the environmentdue to the
relative ignorance about the danger of some nanomaterials whose effedtbendtibastrous
in the medium or long term. This caused development, as a direct result of the precautionary
principle, of a European regulation which has yet to be transposed into French law.

Fra n c Exécsitive Order 2012232

Because of unfamiliarity regding danger of certain nanomaterials, the Ministry of Ecolagy;
Sustainable Development, Transport and Housing has taken measures concerning production,
distribution and import of substances in the nanoparticulate $aexijtive order no 201232 of 17
February 2012). This implementation order is the mere transposition into French law of European
Regulation 1907/2006 of the European Parliament and of the Council of 18 Decemhelt 26&6the]
amount of nanoparticles above which reporting is mandataytatshold of 100 g.

9 Thérese Leroux.e Principe de précaution et le questionnement que suscite m@&ecingin Christian
Hervé, Michele S. Jean, Patrick Molinari, Marie Angéle Grimaud, Emmanuelle Laf@aréianemédecine.
Enjeux éthiques, juridiques et normatigs]. Dalloz, Paris, 2007.

16
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A A second motivation arises from the desire to control production and trade of
nanomaterials which can be ugedievelop defensgattack or protection equipment, or for
terrorist purposes, and might lead our partners or our foeg&n an edge over our national
capacities, or would even allow ngtate groups to develop terrorist capacities.

A The third motivation arisesom the will of some international industrial groups to
keep for themselves any financial benefits providetthéon by production and sale of certain
nanomaterials, or any derived goods.

Faced with this trend whereby laws keep being expanded, undesirable consequences of
implemented regulations should be considered. Indeed, some nanomaterials may prove
essential innanemedicine, in the pharmaceutical industry, for the treatment of certain
diseases, or to decrease chemical pollutants. In technological and industrial terms,
nanomaterials may also cause major developments in our understanding of the world or the
behavor of our societies.

More specifically, we want to avoid some of the negative effects induced by excessive
regulation. For example:

A Restrictions should penalize neither basic university research nor French
industries R&D. In particular, no regulations ghld cripple the flow of information or the
movement of goods required for said research.

A Restrictionsshould not cripple French defense industryby preventing French
companies from exporting some products, while preventing them from gaining contracts
essential to their survival.

A Controlsshould not restrict growth of French civilian industry through complicated
wai ver procedures or making them wait | onger

Regulations are implemented in three ways:

A Control can be based orst of goods; such lists can be international, European or
French. Such lists, based on descriptions as accurate as possible, of the goods to be restricted,
need to be updated continuously, based on technical developments and introduction of new
materials.

A Thresholds of material quantities beyond which the control should apply also need to
be defined. Such thresholds also need to be adjusted from time to time based on impact
studies.

A Finally, a control system for checking proper application of the la@ads to be
implemented. Such regulatory agency must possess technical and legal powers to analyze
applications made by companies, and grant any required authorization within a reasonable
time.

17
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Export and import control of dual-use goods

Control of dual-use goods

Exportsand imports of Dualise goodsUG) are highly supervised by law.

DUG are goods which, based on an international definition, are subject to restrictions and| export
control because they could be used for design and manufacture of conskniapons or weapons pf
mass destruction.

Such lists are made up by international agencies, such as:

NSG (Nuclear Suppliers Group) for nuclear weapons, MTCR (Missile Technology Control Group), AG
(Australian Group) for chemical and biological weapongl aassenaar Agreement (WA) for
conventional weapons.

Said four lists are concatenated at the EU level; they have been published in European Regulation No.
388/2012 of 19 April 2012.

DUG export control lists are continuously revised and updated to acanedfances in technology.

Development of nanotechnology is impacted significantly by such control lists. Indeed, almost all of the
ten categories of goods in Regulation 388/2012 use nanotechnology, in particular categories 1
(Materials, ChemicalgiMicroorganisms andfiToxins), 2 (Materials treatment), 3 (Electronics) and 6

(Sensor and Lasers).

Taking electronics, which includes photolithography chip manufacturing, as an example, it appears that
France controls export of measuring and chip manufactudots,tas well as export of some raw

materials. However, some of our foreign partners have implemented the same export control$, which
may have a direct impact on some of our imports.

Because of such updates to the lists of controlled goods, French gevermas well as our
companies, need to take an active part in related international and/or European bodies to
defend our legal and technical interests.

Evolution of monitoring strategies for control lists

Experience has shown that three types of gir@semay emerge within international bodies.

A A first strategy aims to reinforce nqmoliferation policies, and to fill gaps of in lists
by adding items, and / or, if necessary, widening technical parameters of disézalgoods.

A A second strategypn the contrary, aims at preserving industry and trade, and
promotes easing of controls.

A A third type of strategy reduces controls of obsolete technologies and strengthens
controls on technologies one is the only to master.
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It is notable that countriesttéudes evolve according to their threat perception and
evaluation of their foreign trade.

Current trend within the Wassenaar Arrangement (WA), is to move towards a general easing
of control, as demonstrated by the numbefirmin-controb proposals (abouhree quarters of
all proposals.)

However, it should be underlined that there are currently comparatively very little
discussions about nanotechnology within the WA.

Discussions about nanotechnologies are currently almosexistent within NSG and
MTCR. In contrast, the Australia Group pays a close interest for the emergence of these
technologies.

For example, proposals toward regulating nilber manufacturing machines are currently
being discussed.

Note: China is a member of NSG, and is seeking tonbalved neither in the Wassenaar
Arrangement nor in other arrangements. India, on the other hand, is trying to be admitted in
the four export control systems.

There does not appear to be any current desire withinureg&n Commission to question
DUG laws, which apply directly as such in each EU State. However there are still some
anomalie¥’.

Some progress Bdeen implemented within the EU, such as temporary export licenses to
take part in trade exhibitions.

Other international regulatory bodies

Biological Weapons Convention (BW@nd Chemical Weapons Conventio€\WC) are
two international treaties that may be concerned by nanotechnology regulations. Both
Conventions have very structures.

CWOC has a werification body (OPCW), while B/C has none. HoweveOPCW, which was
created to apply the Convention on Prohibition of Chemical Weapons (CWC) may only,
within the scope of its mandate, verify destruction of existing chemical weapons. It may
therefore neither concern itself with nanotechnologies nor fhessible use in defense
applications.

Although BWC could deal with nanotechnologies, it has no verification system. In addition,
defining nanotechnology applications with respect to biology raises many problems

Should, for example, nanomaterials be defibaded on their size (smaller than 100 nm),
which would include organisms like the smallest viruses, or should they be limited to inert
materials?

Potential applications of nanotechnologies to biology are numerous, including for defense

“The EU Treaty requires that each member countries apply Bpdrexontrols, while some member
countries are not involved in certain schemes.
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When it comes tdhe law, the speed of developments in nanotechnologies, which can be
measured in months, is hardly consistent with passing bills, which may require years of legal
arguments.

This is why, with respect to nanmedicine, some legal experts recommend, accgridirthe
Declaration of Helsinki, implementing recommendations and a code of good practice, i.e. a
Asoft | awdo, which would be |l ess binding and
disadvantages, but would prove in practice better for this neatisitu

.3 Monopolies and patents

Monopolistic approach by some of our foreign partners, French patents application
procedures, and the rather passive attitude of French companies, France might quickly lose all
benefits from the money spent on reseamstl development which allows French businesses
to innovate, develop, manufacture, transform and export in the field of nanotechnologies.

1 Increasing monopoly by some countries
The past years have seen emergence of a-quasipoly on some Chinese electi®
components or raw materials.
Specifically, that country now controls over 40% of the worldwide production of
MICroprocessors.

1 Insufficient number of patents filed in France:

Low number of patents filed in France is partly due to the complexity aedsdy of patent
legislation in different European countries.

Although a European patent application procedure was put implemented in Brussels, this
procedure does not replace national procedures; patent applications still need to be filed in
each Europeacountry in which one wishes to be protected. France has also the particularity
that a patent applicant cannot go directly to Brussel. This explains the difficulty to know
whether a patents has been filed in France by a French citizen or by a foreigner.

These drawbacks come in addition to a number of weaknesses in European and French

regul ations, as well as Francebs own export
i mpact on Franceb6s export capacity in this f
Conclusion

In general, existing gulations imposes a number of restrictions over research and
development of nanotechnologies; international restrictions are currently few, but are
expected to grow in coming years.

M Their use for scattering or disseminating biological agents, for example, or targeting specific areas of the
body, may be mentioned.
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Defining a longterm national strategy for developing certain branchegtber with public
funding to be approved by all government agencies applicable, seems to be the essential factor
to promote nanotechnology growth.

Such national strategy will have to face raw material and component monopolistic
situations, a small numbef patents filed, obsolescence of those products being banned due
to constant changes in law and a growing technology gap with some paratietkese
factors have a damaging effect on the industry.

ll. International situation and the place of
Europe

Many countries are now investing in nanotechnologies because they believe the technology
may become a source of wealth and employment in the future. The field is growing
irreversibly all over the world. Any country not following this move will quickly become
outdated and dependent on other countries, with the risk of not being able to access a number
of technologies, or able to access them only in a degraded Swcle.a situation may prove
to be particularly damaging in the fields of defense and security.

Dependency on foreign countries may cause use restrictions, and therefore restrict actions as
well as slowing down or prevent required modification.

Nanotechnologies are an emerging, albeit strategic, in which all countries must find their
place based on regices and capabilities; this is why knowing how various countries fare on
the global level is important.

Discrepancy between industrial developments and research efforts is not specific to France.

The following Figure shows that, while the EU produ88%oc of world publications in the
field of nanotechnology, it contributes only 15% of final products, i.e. those bought by
consumers. Europe is very good in terms of publications in basic research, but not when it
comes to marketing its ideas.
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' Europe - USA Rest of the world
% products
containing > | 15% 53% 32%
nanotechnology |
% patent = | 17% 40% 43%
|
% publications = 339 13% 54%
|
% R&D pUbIlC 270 1 0 540
funding E> & 2 %
|
0 20 40 60 80 100
%

Figure 5. Public funding of nanotechnologies in Europe, USA and the rest of the World.
Source: Fi gluewvel8 BXpdémMHi gBr oup on key Enabling Tech

The main target of most countries outside of Europe is to recoup their basic research costs
through products and applications.

However, Asian countries are those whichsiase public funds for their R3. for
development, as shown in Figure 6 which compares the USA, China and South Korea. While
48% of US R&D funds are devoted to applied researah 28% to development, China
spends 32% and 58% respectively, and South Korea 32% and 44%.
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Fondamental research
Applied research
Development

South Korea 24 % 32 % 44 %
China 11 % 32% 58 %
USA 24 % 48 % 28 %

0 20 40 60 80 100
%
Figure 6. Percentage of funds allocated to nanotechnologies
SourceKey Science and Engineering Indicators, National Science Board, 2010 Digest, NSF,
http://eawatch.jrc.ec.europa.e @ECD La France

Analysis of some countries

IV.1  Goal and Methodology

For all 13 countries (including France) considered in this study, we have attempted to
identify scientific and technological skills, as well as industrial ctiea in various sectors,
where nanotechnologies are present and would help to meet French needs with respect to
military and security applications.

The selected methodology covers several parameters related to the capacity and resources of
countries onHis issue:

T

Identification of nanotechnology initiatives Identification of programs and amount of
their financing. Identification of specific military programs.

Number of governmertontrolled research agencidsimber of publications;
Number of patentslgd;

Number of companies, as well as how significant they are in the nanotechnologies
field;

amount of venture capital, if any.

Sources used
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Data collection has mainly relied on the following four sources:

1 Identification of the numbers of patents filed n nanotechnologies for the studied
countries:

To assess the scientific and technical level in all nanotechnobtaped fields for the
studied countries, our research was based on the number of patents filed between 2000 and
20112 Relevance and comprelsiveness of the results depend upon the search terms
selected, which can focus on various criteria.

Due to the vast number of concepts covered, it was decided to focus the search on:

A words beginning withfinana in the title or the abstractlassification codes B82B,
B82Y and HO1F41/30 of the International Patent Classification, codes which cover
the following categoriegiNanotechnologyandfiEquipment or processes for applying
nanoscale structures

A classification code 977 (main class and additives)traf US classification of
nanotechnology patents.

1 Systematic use of Nanowerk dedicated database:

This base offers the advantage of containing worldwide data and to be updated frequently.
This USAbased web sitelauncked in 2005, is mainly funded by sub&ing partner
companies. However, we believe that these companies make up only a portion of all
nanotechnology companies. We have deemed that such partial coverage does not impact
businesssegment based analysis, especially since an additional list gdaco®s has been
incorporated into the analysis process. Furthermore, it does not appear that any bias which
would favor specific a business segment has been introduced.

1 Searching for information on the Internet:

Search was basenh identified countries ah topics of interests, in order to expand the

dat abase above. For exampl e, the fAcompany
Infogreffe) has been used for the UThe lsreell Inddstrym g d o m;
Center for R & DO weaelsi tteh ewafdWelmgzevehichf oG h i In
references Chinese who want to market these products abroad, has been used for China, etc.

Experts were contacted during the course of the studio obtain additional information
on specific countries, in particulerance, Germany and Israel.

Data selected

With respect to patents, we have extracted from the abovementioned research, for each
country and for each year:

2 The research was made on the induspiaperty portal QuestdDrbit server that allows access to nearly all
patents filed worldwide, including the countries of interest to us. CEA, which has kindly provided a access right
to the server for the research carried out, deserves to be thanked.
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1.the number of patent applicatfons based

2. Applications filed wih patent offices in the studied countries. Such applications may be
filed by in-country organizatiort$ and by foreign companies and R&D centers filing in
these countrie$he ratio of applications filed by icountry organization¥’

With respect to compaes, overall indexing was done for each country, based on 14
business segments involving a degree of nanotechnologies:

1 (Chemicals) photocatalysis, pigments, green chemistfasic products)
[nanopowders, nanotubeShnstruction [building materials (tass, insulation,
paints, protection against wear), concrete (curing agent, sealing compound,
repair mortarsteel, etc.)];

1 Energy [power distribution (heat transfer, ete@pergy production (fossil fuels,
fuel cells, gas turbines, solar cells, wind tods, etc.),energy storage
(electricity, batteries, ultracapacitors, etc.), energy use (light emissions, etc.)];

1 Environment [carbon capture, filtration (potable water), sanitation
(decontamination, oil spills management, etc.), wastewater treatment];

Food [food wrap (packaging materials, etc.), food processing (filtration, etc.)]

1 Information Technologies and Communication (ITC) [data storage,
electronic display, coatingdithography, computer chips, heat sinks, ink jet
printing, etc.), polymer filtergyptics, photonics, semiconductors];

1 Medicine [therapeutic and antimicrobial agents, dental care (implants), drug
delivery, pharmaceutical products (catalysts, etc.)];

Precision engineeringcoatings (nanofilms), metrology, optics];
Textiles and clothing[coatings, protection];

Transport [automotive (adhesives, engines, membranes, paint, parts, steel,
wear protection, etc.), maripe

1 Sensors [diagnosis / R & O0microfluidic; contrast agents,-Kay probes, etc.),
environmental analysis (air, water, etc.);
1 (Sevices: consulting, R & D, technology transfer, etc.)

We have considered tha0 (those not between parenthesis in the bétjhe 14 analyzed
segments hadhilitary or security potential application; they are those which were selected
for the analysis.

Among analyzed countries, the USA represents a special case: the vast initial quantity of
data (over 1,100 companies) did not allow a full analysis because the budget available for the

13 All filing procedures taken into accounational, European and global offices
14 |_aboratories & industrialists
13| aboratorie& industrialists
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study could not provide an adapted automatic search engine. Sdfhplasgused to divide
the number of examined companies by 10; the hundred or so companies thus selected allowed
the USA to be analyzed on the same basis as the other countries.

Usage

With respect to patents, the searches performed show the evolutiorewt gaplications
filed for the 13 countries under study, between 2000 and 2011, and provide for easy
comparison, in particular in terms of patent applications filed per country and applicant, as
shown in the following Figure.

5000

=000

— G ETTIE MY

Brazil

4000 China

South Korea

—UsA

France

3000 =——LInited Kingdom
= |ndia
Indonesia
/ m— |zrael

2000
lapan

Ruzziz

_-—J_,—._.__ Taiwan

1000

2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 2011
Figure 7. Number of patentapplications per country of applicants.

The very strong growth of patent filings in China, which; as early as 2009, exceed those
filed in the USA, is a significant milestoHe

16 By systematically selecting one company among 10.
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Moreover, with respect to paragraphs 2) and 3), relating to applicationsnitlecatent
offices, the results of the two filters used are limited to data from national patent offices.
These results are no less interesting, freeing the native part of deposits from the foreign one,
reflecting to a certain degree, the potential ativaness of the countries. The evolution of the
number of patents going from 2000 to 2011 in all three possible types is shown for each
studied country'®

A database listing dfl identified companies analyzed in the study was created.

The first piece of dta from this database is the total number of curredéugtified
companies per counfy.

Other data covers the number of nanotechnology companies created each year in the past
twenty years. This research was done for each studied country, based omycanep#ion
dates.

The corresponding chart is included in édcountry's data sheet.
It shows that company incorporation charts can be split into three categories:

The leading group,
composed of: 30

1. United States (for whicl
only 10% of companies
have beesampled);

Germany
United States
=== United Kingdom

2. Germany
3. United Kingdom

10

Number of companies created

Figure 8. Number of nanotechnology companies created each yea

by the top group of countries.
Source: Société Chlorodia.

" An article from the French Embassy, however, calls faution, considering that until recently the
innovative character of the applications did not always appear sufficiently. Starting in 2010, a procedural reform
of national patent filing seems to have taken place to get closer with the practices of atlrggscou

'8 See the related country profiles.

' The means implemented in the study did not make it possible to highlight existence of an industrial fabric in
the field of nanotechnologiy Brazil and Indonesia.

% See the corresponding country files.

2L Excep Brazil and Indonesia, because no nanotechnology company was identified in these countries.
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A second group, made up

- - - 30
of countries active in the b
industry, as follows: g
5] —+—Chi
4. Japan 0 - 'a":
5. France = p
. = —=France
6. Chlna g |Srae|
7. Israel o
(o]
E 10
£
=0 l
z
&.
,\ A w’ ’
’/ L NAT -:-.L,z'.:u.
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Figure 9. Number of nanotech companies created each year in
secondgroup countries.
SourceChlorodia
Lastly, a third group * —<Taiwan
comprised of the following g lsod‘{th Korea
countries, each withonlya & :Rnusfia
handful of companies: 8
[y
8. South Koea g
9. India g
10. Russia N
11. Taiwan r
12. Brazil z

13. Indonesia 0) w

N e e B SV R R A

Figure 10.Number of nanotech companies created each year by
countries in the last group.

The database also makes it possible to easiy for a given country, all compasiinvolved

in a specific business segment. The number of companies involved in one of the 14 areas
listed above has been extracted from this detailed database. This is shown in charts for each
of concerned countfs;

Thus, the number of companies invalva a specific nanotechnology field highlights how
important this field in the considered country.

?See country sections, fATypes of companies".
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To better quantify this approach, we have analyzed, for each country, the percentage of
companies involved in the 10 previously mentidfiedilitary or secuity areas, compared to
the total number of identified companies in that country.

The resulting spectrum highlights, for edtstudied country, percentage peaks for specific
business segment. Three percentage ranges categorizing company industrialndkills a
abilities were then defined, as follows:

1 high: 25% and mordntermediate: between 5 and 25%Low: less than 5%.

% The corresponding graphs are shown for each country in this Report.
%4 Russia and Taiwan were not included in thialgisis because of the insufficient number of companies found
(15 for each country).
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IV.2France
IV.2.a Basic data
Population (2010) 64 millions
Surface area (mainland) 547,000sq. km
Average population density 112 resieénts /sg. km
GDP (2011) USD 2,80billion
GDP per capita (2011) USD 43,7006
HDI (2011) 0.872
IV.2.b Francebs efforts

France decided, a few years ago, to mobilize significant resources, including dedicated
agencies, to develop areas of expertis@anotechnologies. As early as 1999, the French
government set up a National Mielano Technology Network (RMNT) with a view to
improving interfacing of governmeifiinded and private research. These efforts have grown
over time, and France is beginningéap returns on this investment.

Sustained efforts

Since 200 3,

Nati onal

Net wor k

on Nanosci

implementing a support plan for a network for lasgale manufacture of nasstructures.

R3NOGs i s

t a s kliegdrojécts thiougim aaneteark of uaieersity research labs and

partnerships between governmdéumded laboratories, innovative SMEs and R&D centers of
large companies. A major Basic Technological Research (RTB) program, involving CNRS
and universities témology centers (RENATECH network) and CEA / LETI, was

implemented.

enec.i

In 2005, National agency for research (ANR) initiated a national nanotechnology program
(PNANO), whose implementation is based on R3N. Technological research and innovation
networks (RRI7, also supported by ANR, are also involved in miaond nanotechnologies
(RMNT network) and nanomaterials (RNMP network).

Franceos
nanosci encoe.

Mi ni stry

of
ACCuOthereMn@ six guch centers of excellence, in the following

Research

c welleneenin | y

regions: lle de FranceGreat East Rhéne Alpes North West Great South WestPACA.

The French government has

2 www.rth.cnrs.fr

recently

30

S

retained 67 projects dedicated to- micro
nanotechnologies and softwarehaologies that are among the six wexldss projects. In
France, the major tool promoting commercialization of governtieriied research is the
Law of July 12, 1999 for innovation and research. This law includes a section dedicated to
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cooperation betweegovernmenfunded and industrial research. Said section allows public
science institutions (such as CNRS) to crea
(SAIC) to manage their research contracts and those involving private com@aii@smay

also manage delivery of services to outside customers.

The Law of July 12, 1999 has been amended over the years. As an example, since 2006, the
National Research Agency (ANR) may fund research project partnerships between
government institutions and privatempanies. Such funding is targeted in priority to those
strategic research areas where private business research effort is considered insufficient
(nanotechnologies, for example).

Current funding actions include P2N (financed by ANR), and Nano 201iateaitin 2008,
which combines the R & D centers of IBM, $icroelectronics and CEA / LETI. There is

also NanelNNOV, detailed further downYear |y budgets are 090 m
progr am, u20 M f or Na RINNDU.ITRe gaverrdnent &s0 supporfsor N,
development of large infrastructures via Labex (laboratories of excellence) and Equipex
(equipment of excellence). During the ladte c ad e , Franceods effort
partnerships was Paitentric. However, the government has recently become aware of the

need to allow greater flexibility to local stakeholders (which is partly reflected in the
Acompetitiveness centerso policy).

Nano-INNOV

NanaINNOV is an effort to encourage development of nanotechnologies in France. A
largescale investment plan was introduced in 2009 to create centers of technological
integration, similar to the Grenoble center involving micrand nanotechnobies.
Development of three such integration centers was started in Grenoble, Toulouse and Saclay.
The most recent one, Naiionov Paris Region, opened in 2012. This center involves nearly
700 researchers, engineers and technicians. It is dedicated ¢m desl manufacture of
innovative systems incorporating both nanotechnology and software.

These three integration centers have their own specialization, as well as transverse activities.
In 2005, about 5300 researchers in 243 laboratories were working einfidgld of
nanotechnology. In France, the 4 larger areas involved in nanotechnology are those of
Grenoble, Toulouse, Lille and Paris, supplemented by other smaller regional laboratories.
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European projects (FP5 and FP 6) led by French stakeholders

o
> SAONLEY

LOIRE

<10

Nomber of projects

PYRENEES
ATLANTIGUE ¢

Figure 11.Distribution of French agencies controlling a Europea nanotechnologyproject.
Black numbers on the pins indicate the department number, pin color shows class and number of
projects.

Concentration of activities related to the development of nanotechnologies in France is
noticeable. In 2005, there were ne&B00 scientists in llele-France, nearly 1000 in Rhéne
Alpes and Great Southest, and about 500 in Great East, the North West and the PACA
regions.

IV.2.c Resources to match goals

The field of nanotechnologies is multidisciplinary, requires large tmests and good
relationship with manufacturing. Excellence in basic research by itself is not enough; research
results must be marketed for revenue and employment to created. France's technological
fabric in this area has improved significantly over thestpdecade and now features
laboratories, facilities and tools allowing ambitious goals to be set.
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From ad hoc research to collective effort

France has good basic research laboratories, but they are working on scattered topics, and
the chain of elementsequired for research to evolve into a finished product or to obtain
lasting industrial sectors is often missing.

For example, even though some of a laboratory research may be able to be manufactured by
industry or def ense, bjectivewhichisto puloish resdareh papard 6 s
and, if possible, to file patents.

It may happen that a manufacturer or the Defense department requests help to solve specific
problems from a laboratory known for its expertise. However, there's usually nall over
strategy for reaching a goal in an industrial area.

Reaching critical mass

To cover most bases, and to be able to respond to very diverse problems, many basic blocks
need to be available so they can be put together to match requirements.

This requirs a critical mass of research, as well as dedicated organization to promote
development and industrialization, including creating a -sfartcompany if necessary.
Collaborative, rather than separate, efforts are therefore necessary for internationiy visibi
and efficiency.

A benefit of such an agency would be having very large powers allowing developments that
can't be achieved by specialized labs.

As a matter of fact, innovation, by and large, now originates from multidisciplinary
research. Exampleheére are excellent laboratories working on batteries; other labs work on
integrated electronics. Combining both skills would allow batteries with optimal performance
and life to be made.

The three key areas of nanotechnology are characterization, mesialinigtion and
manufacturing. Like a manufacturing critical mass is required to be competitive
internationally, critical mass is required for modelsigulation and characterization,

Manufacturing

We will not delve about manufacturing of nanodevices, materials, etc., since the
government and research contracts with industry have made development of several
technology centers in France possible.

Characterization

Even though each laboratory may have their own characterization systems, financial reasons
wonot allow to do everything. Therefor e, | a
the best performing tools, are necess&Bych devices, with the best possible resolutions and
sensitivities, provide for any characterization not feasible bydabsresources. Indeed, the
cost of maintenance contracts for such complex devices are too high for small laboratories,
and detrimental for their productivity
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Beyond standard characterization means, synchrgieoerated radiation and neutrons are
also ireplaceable in some cases for characterization.

France owns the SOLEIL synchrotron, and has access towEldd ESRF in Grenoble.
SOLEIL covers from fainfrared to Xxrays, and ESRF from UV to very hardrXys. LLB (in
Saclay) may be used for neutron gerierat

Simulation

For modelingsimulation, the need for a critical mass arises from the-gweving
requirement for intensive computation devices involving thousands of elementary processors.
Parallelization of calculation codes has become a specializaggolring specific facilities
with large computing resources.

A specialist is now required to effectively optimize a calculation code on a massively
parallel machine with multicore processors and graphic processors.

IvV.2.d Publications and patents
A known problem is that France can create knowledge but usually fails to convert such

knowledge into wealth. This can be illustrated by comparing the number of scientific
publications and patents of France and South Korea (Figure 12).

Nomber of
publications Nombers of patents
2006 2005
France l l 3526 290
K J".““ 3162 2159
orea N

Figure 12. Comparison of scientific publication and patent numbers between France and South Korea.
From Nano-INNOV report, 2008.

In many scientific fields, France has good quality basic research, but fails to convert
research into its potential industrial production. Forthed2P@ 1 0 dec ade, France
patent applications has stagnated in all fields. At the same time, China experienced strong
growth and has overtaken France in 2010. The tax credit for research has had a slightly
positive impact in the years 2008, espédgifdr SMEs, but with only a small increase on the
number of patents filed. France files, on average, three times fewer patent applications than
Germany. This correlates with the fact that French industry is about three times smaller than
Germanindusttyi t i s al so a symptom of Franceds gr ad

At a European level, over 60% of patents filed in Europe are the work eEur@pean
countries, as shown in Figure 13. Of the nearly 250,000 patents filed in 2011, 32% were filed
by Asian counies. The lower part of the Figure shows the distribution of patent filings by
Asian countries (Japan, South Korea and China.)
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0
South Korea 61 %

17 %

Figure 13.Distribution of patents filed in Europe in 2011.
Source:EPO.
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les mesures et I'imagerie rapide

The number of nanotechnology patents filed in Fraaaelatively low, compared to other
countries analyzed in this study, and ranks France in 9th position. This number has, however,
notably increased between 2000 and 2011 (Figureridijce stands out from other countries,
with fewer patents filed by afipants from other countries.

700 France
- Applicants of all nationalities with the French Patent Office
- French applicants with the French Patent Office
7- French applicants (across the World)

600

500

atents
4=
o
(=]

P

Number of
wo
P}
S
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Figure 14.Patents filed in France from 2000 to 2011.

The major issue, not only in France but in the rest of Europe, is not so much the quality of
basic research but the inability to create innovation from that researciddition to
regulatory and financial restrictions, psychological factors also keep scientists from
converting their research into high valagéded products or services, i.e. wealth and jobs.

IV.2.e Types of companies

Creation of French companies implemtiag nanotechnologies started in 1998. Annual
evolution is shown in Figure 15. France is one of the pioneers in the field, behind Germany,
USA and Israel.
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Figure 15.Creation of 66 nanotechnologies companies in France from 1988 to 2011.

The total numbeof recorded companies is 91, 66 of which having been created between
1988 and 2011.

Unlike other countries analyzed in this study, which for the most part show a peak of
business creation around 2001, the number of companies created each year in France
remained stable until 2006, then started to decrease in 2007.

37



«
Sdmanium
CHLORODIA »

The various activity fields of the 91 French companies are listed below (Figures 16 and 17).
France

I Services, consulting, R&D, technology transfer, ...

Engineering

D Agribusiness
:l Environment

:| Energy
:| Building
| Basics products

Chimical products

0 20 40 60 80 100 120

Number of companiesinvolved by domain
Figure 16.Distribution of the 91 French companies by field.

French nanotechnology companies ar@eemlly numerous in the medical, precision
engineering and information and communications technology fields. Figure 17 shows the

results as a percentage of French companies ibQtlzgeas identified as potentially related to
military and / or security ggications.
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Figure 17.Distribution (percent) of French companies in the 10 selected areas.

Based on these criteria, French companies appear to be strong in the medical and precision
engineering fields, whereas they are at an intermediate level wigcteésdCT and sensors.

Conclusion

Classification analysis of French companies in the nanotechnology field justify
strengthening our national capacities in the Energy field, an issue closely linked to military
and security, for which reliance on foreiguppliers and partners is out of the question.

With respect to Textile and Clothing, which are directly related to protection of military and
law enforcement personnel, partnerships or acquisitions with foreign countries and/or
companies may be considered

Construction and Transportation, in terms of weight reduction and increased mechanical
strength, may be of military interest, and a research for suitable partnerships may therefore be
considered.

For fields such as Environment & Food, with little conrmetto military interests, search
for outside supplies is to be preferred, even though the French food industry is extremely
competitive worldwide.
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V.3 GERMANY
IV.3.a Data base
Population (2010) 81 millions
Surface area (mainland) 356,026 sq. km
Average population density 230residents/sgkm
GDP (2010) USD 3,900 billion
GDP per capita (2010) USD 35,900
HDI (2010) 0.885

IV.3.b Germanyos efforts

Germany is the leading investor in Europe in the field of nanotechnologies. Since 1998,
Germany ha developed skills centers, made major investments and built significant facilities,
which are available to university as well as nwonversity research cengerindustry, in
particular SMEs®MIs, benefit directly from these efforts. Organization of regean
Germany is structured through publprivate partnerships, as well as innovation inside private
companies, in order to encourage the development of cooperation between researchers well as
development of synergies between existing agencies.

The Gernman Federal Ministry of Education and Research (BMBF) provides significant
support to nanotechnologies.

In the 70s, biotechnology and microelectronics were among the priority areas for research
and developmeft One decade later, materials and informatiechnology research were
added. In the early 90's, new research in the field of miniaturization and integration of
miniaturized components was also conducted. At the same time, efforts in chemistry were
also made. They contributed to development of tady@ducts and to setfrganizing
principles through combination of individual system components. They contributed to
discovery of new design possibilities in the fields of surface technology and materials. The
challenge, in the 21st century, is to comhimese different disciplines.

Nanotechnologies, together with biotechnologies and information technologies, are
considered essential for the next lelegn growth cycle. BMBF and VDI Center (Association
of German Engineers) have been aware of the longiteportance of nanotechnologies, and
have supported their development for a long time.

Starting in 1998, BMBF has intensified its support to projects, and has set up the necessary
infrastructure through newdgreated specialized agencies and skill networks

% Germany Science, Nanotechnologies in Germanformation file for Science and Technology by the
Embassy of Frace in Germany, Free Publication at the French Embassy in Germany, FSBR62105-0,
october 2005.
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German norfuniversity public research in nanotechnologies is concentrated in four research
institutes: MPG, FhG, HGF, WGL (see Appendix 1. Germany, appendices 1 and 2). These
institutes support a large number of research centers and work groups whicavais major
nanotechnology research. These partners are also integrated into various related research areas
involved and into DFG programs. This initiative was started two years before the USA started
their own national initiative, and four years beftiie European Union took similar measures
within the 6th Research amkevelopment Framework ProgrgifCRD).

In the field of nanotechnologies, Germany can rely on top scientists, a widespread research
and development network, and engaged engineers andrengays. In addition to innovative
companies, government agencies provides significant funding to promote this field and
related stakeholders. Necessary measures are being introduced, such as implementation of
networks, establishment of nanotechnology stdal sectors, renewal of scientific talent and
integration of society in this field. Germany is the nanotechnology leader in Europe, in terms
of dedicated public funding and of number of private companies, research institutes or other
university bodiesnvolved.

In Germany, science policy is directed more towards dissemination of scientific and
technological knowledge, and is part of a decentralization tradition, where Lander enjoy great
autonomy. Science policy, including technology transfer, falls withie jurisdiction of
Lander. Development of university/private industry partnerships is mostly based on local
politics. However, the issue of a need for greater federal involvement arose recently, in
support of BMBF initiatives.

In the field of nanotechrnogies, German stakeholders were among the first worldwide to
search for application opportunities through deeper basic research. More than 200 German
companies have already taken advantage of this opportunity for innovation, and
nanotechnology knowledgs part of their main activities. There are currently 900 or 1,000
German nanotechnology companies, which use them more and more to create products,
supply them or as investéfs For these companies, nanotechnologies are more than a fad.
Rather, they preparfor future developments in potential higmployment areas, such as
electronics, information technology, vehicles and machinery manufacture, chemistry,
pharmacy, optics, medicine, biotechnologies, power generation and construction.

There are also many S8 in Germany which can be described as pure nanotechnology
companiesSuch innovative and flexible companies belong to the value creation channel, and
are a key factor in transferring knowledge from research to industry. SMEs hold key functions
in most hgh-tech industries.

In addition to supporting conventional research projects, BMBF is increasingly trying to
have the regions (Lander) develop major nanotechnaielgyed subjects, through strategic
research cooperation, in close collaboration with ecamoamd scientific stakeholders.
Funding is made available for competitive industrial innovation projects which include the
whole value creation chain (leading innovations).

%" private conversation with a representative of the German Ministry of Defense.
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IV.3.c Priority Sectors

Intensive talks with industrialists and scientists lechéw support of nanotechnologies by
BMBF; as a result, about twenty industegl cooperation projects, involving more than a
hundred partners, were funded

Such efforts stand out because of their interdisciplinary nature, with the participation of five
BMBF divisions covering various leading innovative subjects, such as:

1 NanoChemie (chemistry);

1 Nanomaterials, in automotive (VanoMobil), in mechanical engineering, in-nano
reinforced and mukfunction materials (Hybrids and Ceramics), for example;

NanoLux, évelopment of effective lighting sources from semiconductors;

NanoForLife, providing nanomaterials and ndnotechnology products for public
health;

NanoFab, for Nano electronics manufacturing processes;
NanoSystems, for micro objects;

Nancoptics/ microéectronics and ITC;

Nanopharmacy/ cosmetics;

Nanobiotechnologies,

Nanotechnologies for energy engineering;

Nancarobots and artificial muscles;

NanoTecture (architecture, constructions);

NanoTextil (textile applications);

Nanoc-environment for filtration mmabranes,

= =4 =42 4 A4 -4 -5 -2 -5 -2 -2

é
In the context of the German government 2020 Higbh Strategy, BMBF decided in

January 2011 to continue ifiNancInitiative / 2010 Action Pladwith a 2015 action plan.
The purpose is to achieve safe and sustainable nanotechnology, so as:

1 to take advantage of its potential in educating and reséarcbntribute to economic
growth and innovation in Germany;

1 to take advantage of nanotechnology opportunities in health care;

to reap nanotechnol ogyds cont ronandidenergyn s
supply;
provide for less energgonsuming mobility while respecting the environment;

use nanotechnology for sustainable agriculture and secure food supply.
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security and communication. Figure 19 shows nanotechnology funding between 2005 and

2010.
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Figure 18.Chart nanotechnologies funding
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As a comparison, international support (source: OECD 2009) to nanotechnologies amounted
580 m

to about ua 1, 200
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Defense and security-related programs
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USA,

Optics is basically dual; nanotechnologies have strong impact on developments, from

evolving products to distant future concepts:

a) Market introduction (3 years):

- nanaresolution optical microscopy

-OLED
- CNT-based displays
- 2D photonic crystals

b) Prototypes (4.0 years):
- EUV optics for lithography;
-fiqguantum dot
- Quantum cryptography;

3D photonic crystals.
c) Concepts (over 10 years):
- All -optical computing;

0

| aser s;

- Optical metamaterials (camouflage);

- Data transmission visurface plasmons.

The table above does not include German Ministry of Defense (BMVg) funding Figures.
This Ministry mostly supports military and/or dual efforts as part of the Fraunhofer VVS

(Fraunhofer Verbund Verteidigungs et Sicherheitsforschunghich includes former
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