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NANOTECHNOLOGIES:
ETHICS AND INDUSTRIAL PROSPECTS
SUMMARY

Government policies will face a major challengdhia next thirty years: that of nanotechnologies. An
ambitious relaunch of the main scientific and testbgical programmes is therefore on the agenda in
France and the European Union to stimulate emplaynaad competitiveness. In this respect,

nanotechnologies will play a significant role.

The main countries of the OECD have already takgiiat measures in this field in terms of public
support for research and innovation. On 24 Septeb@4, the Competitiveness Council took note of
the role and major potential of nanosciences ambteahnologies in many fields and recognized their
potential contribution to the quality of life, sastable development and the competitiveness of
European industry.

Recognizing that the development of nanotechnodogge inevitable, the joint "Innovation and
Enterprise” section of th€onseil général des ming€GM, general mine engineering council) and the
Conseil général des technologies de I'informai{@&TI, general council on information technology)
included in its work programme a task force to prepthe main orientations for assessment of French
public policy with respect to nanotechnologies,dohsen an analysis of the European and international
contexts, taking into account all aspects, paridyltheir societal and ethical implications.

The prospective approach led the task force totipasnanotechnologies in a stronger dynamic
process, i.e. the meta-convergence of transformatechnologies such as information and
communications technology, biotechnology, cognisegences and technology, and nanotechnologies.

The report concluded with thirteen recommendatiofhsyhich the most important in the short term, in
terms of government action in France, were thetiocre@f an interministerial coordinating committee
to create synergy among all stakeholders, and mllphan analytical entity responsible for the
effective implementation of this public policy.

The active participation of France in emerging psses, whether this involves standardization or
international discussions aiming at defining shgyedciples for the safe, sustainable, responsable
ethically acceptable development of nanotechnotoggeabsolutely essential, according to procedures
and means that remain to be defined.
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INTRODUCTION

This document is a report on task force activitregarding the multidimensional impact of
nanotechnologies and their implications in termsegfulation, included in the programme conducted
by the "Innovation and Enterprise"” section, a jentity of the CGM and CGTI.

This task force, whose aim was to prepare the ma@mtations for assessment of French public policy
in the field of nanotechnologies, in addition tavgentional analysis and review work, gave rise to a
series of interventions in various foresight or isien-making spheres, given the significantly
increasing media interest for this subject on thernational scene and within the European Union.

Relying in particular on the works produced by stgence and technology committee of the French
parliament, the French Academy of Sciences, thadiréAcademy of Technology and the French
Education and Research Ministry on the evaluatioh Feench government funding for
nanotechnologies, the task force decided to takédar and more prospective viewpoint in order to
make the relevance and scope of government actiting field more visible.

Based on this work, we have adopted the followiefinition of nanosciences: "any research whose
aim is to analyse and study nano-objects with spgxiysical, chemical or biological properties, as
well as the discovery of assembly methods thatbeansed to obtain nanomaterials and organizational
methods that could lead to the development of agapaterials®. The prefix "nano-" designating a
billionth of a unit, the nanometre is thereforeiladmth of a metre.

Nanomaterials themselves can be defined as "mister@anposed or consisting of nano-objects that
give these materials improved properties or progerpecific to the nanometre scale (from 1 to 100
nanometresf: They exist in the form of free or bound particiilsres or tubes, crystals or lamellae, or
microporous structures; there has been a spectacastrial development in the field of carbon
nanotubes. Semiconductor nanocrystals of a siageleet 2 and 10 nanometres are callgdahtum
particleg® in the mediaterminology, because their properties are defingdhe laws of quantum
mechanics.

The main argument in favour of nanotechnologiesciwvkxplains why their development is inevitable,
is that they alone are capable of providing workarbsolutions to the immense difficulties (climate,
ageing, health, pollution, energy, fair trade andtainable development) which industrial and post-
industrial societies are confronted with in theiivate and public affairs. But their very viabilitg
subject to many conceptual, physical, industriebr®mic and societal uncertainties.
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In particular, the risks associated with nanote&tgies are not by their very nature comparable to
those associated with known technologies, in pagicwith regard to the potential combination of
nanotechnologies with other transformative techgie Of course, the conventional manner of
apprehending properties on a nanometric scaleraaigin progressive miniaturisation, with the limits
specific to the meso, micro and nanometric sc8asthis alone is not enough. This method should be
combined with what is referred to as "bottom-uperee engineering processes" that refer to the yheor
of complex self-organized systems. European reBeprogrammes already take into account this
concept, which is reflected in the name of cerfaimjects, such as the "Bottom-Up Nano-calculator —
BUN" that is coordinated by the CNKS.

The specific drawbacks to the considerable advastaxpected of nanotechnologies are difficult to
assess. Large-scale studies to conceptualise,vehsaanage and assess the risks involved must be
conducted in collaboration with the internationatademic and industrial community. Meta-
convergence implies meta-risk.e. the very great difficulty of imagining prahgres, standards or
rules that would make it possible to overcome ladl types of risks likely to be caused, directly or
indirectly, by the impact of nanotechnologies orergday life, structural powers, and relational
powers.

The quality of societal adaptation to nanotechne®avill therefore depend on the ethical guidelines
that societies will define to set socially accejsdlmits for their use, in particular on issuesatving

the possibility of increasing human cognitive aridygcal abilities through converging bio-, nano-,
info- and cognitive technologies, with potentiatigntrasting aims.
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The task force report therefore focuses on thegtnd industrial prospects of nanotechnologieb wit
respect to meta-convergence, while consideringtttestakes for France, as well as its credibdityg
future influence, will depend on its ability to watceptance of this technological orientation.

After a brief overview of the essential informatiavailable on industrial and research realities, fitst

part of the report deals with the question of timelging risks resulting from nanotechnologies higirt
dynamic and systemic dimensions, and the ethicaktipns raised by these technologies, synthetic
materials and systems, whose main characteristicaisthey will be incorporated, administered and
disseminated in an invisible manner.

In the second part, nanotechnologies are put ietspective in terms of the new technology wave
predicted on the 2020 horizon. This will involve emdepth look at the expected social utility of
nanotechnologies, not as such, but in terms of they can be incorporated into existing or innowativ
production processes, for the industrial supplygobds and services that can be sold in public or
private, civil or military markets. The problemssed by dual and critical technologies, as well as
sovereignty will be developed, in addition to th@iepated economic competitiveness provided by
what is referred to as "bio-nano-info-cogno" metanergence.

In the third part, a synthesis of the first twotpawill naturally lead us to formulate certain aessvto
the question of subsidiarity in public action, lzhem the respective responsibilities of each lefel
subsidiarity and the roles of the players involved¢ch as we have been able to identify within the
limits of our mission. The thirteen recommendatitra conclude the report result directly from this

Given the contributions produced by the authorsnduthe investigation phase and in order to focus
the report on the essentials, readers will be syatieally referred to the appendices for descretiv
details as well as for background reading.
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PART 1: ETHICS AND NANOTECHNOLOGIES

There are two approaches that are commonly usedtudying relations between society and
technology, that were tempting to transpose to His¢ory of nanotechnologies: the first approach
consists in assuming as an axiom that science alyacedes technology, and the second that society
always chooses a technology on the basis of anatergument between the expected advantages and
disadvantages of its adoption.

The task force immediately distanced itself froncls@approaches. Why? Because they are, or will
prove to be, unworkable in time.

New means of observation, simulation and manipaatf materials at the nanometer scale, such as
tunnelling electron microscopes, relying on the fmresent developments in metrology, will open up
entirely new fields of fundamental research initradal disciplines such as physics and chemistny|

also at the crossroads between the various acadeammtific disciplines. Furthermore, when
experimental scientific approaches can be conduatethe nanometre scale and last for periods
approaching the femtosecond, the observational soa¢e then becomes the means of defining the
phenomenon, which is vibrational in a normal statd fixed in an "error state", thus consecratirgg th
"primacy of waves over corpusculds'Such is the case of femtochemistry, in which écdmes
possible to film the chemical reaction itself usangtroboscope.

Nanotechnologies therefore have such a power afiogeaip new scientific fields that any delay would
have considerable repercussions in terms of riskependency, with adverse effects on vital intisres
and national sovereignty, in a context of increglsifierce economic conflict.

This first part will present the industrial founiats of nanotechnologies, a discussion of the eabiir
the risks they could pose, and a cross-examinatighe ethical issue in light of legitimate concern
about quality and competitiveness.
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1 The industrial facts about nanotechnologies

Nanotechnologies and nanomaterials do not constéither a sector or a branch in terms of French
national accounting, nor a sector in referencehtihdustrial economy. They are not mentioned in
tables of inter-industry trade, nor in the foretgade statistics, as they do not figure in any Eineor
European classification of activities and produmts for example, in OECD correspondence tables.
They do not figure directly in the classificationfspatent offices, where they appear under theihgad
of the closest science (depending on whether theglve predominantly physics, chemistry, etc.).
Since the end of September 2004 the question i apéo whether they should be taken into account
in the existing classifications, particularly oferhical substances. In any case, it will be necgdsar
agree on a terminology, classification, nomenckatamnd language that will be shared by all parties
throughout the world.

a. Nanosciences and nanotechnologies

According to the European Commission, nanoscienaed nanotechnologies constitute new

approaches to R&D aiming at controlling the fundatak structure and behaviour of matter at the

atomic and molecular level. They offer the posgi\ibf understanding new phenomena and may lead
to new properties likely to be exploited at the mézopic and macroscopic scale.

This field is in the process of being defined, whimplies that any attempt to understand or intgrpr
its reality, and even more so any forecasts orgacts, cannot be guaranteed in terms of their sieen
rigour. Market studies that have been conductedessible only at a very high cost, are based on
declared values of entities included in panelsa@hdr samples. They are based on a fine segmeantatio
of markets for products (e.g. cosmetics) or praegsisat can have a dual character (fire retardaints,
filtration by carbon nanotubes, etc.) and only Isaprovide an overall assessment. Although they are
useful for enlightening public decision-makers & intentions and expectations of the players, it
would on the other hand be foolhardy to base afipitiee conclusions of a general nature on thasas
of them alone, because of their identified methodiall bias.
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For exampl® the American group Nano Business Alliance, briggtogether the major American
private-sector firms in the business, estimatetltthmworld market was worth 45.5 billion dollarsda
forecasted a market of 700 billion dollars by tleary2008. The American National Science Foundation
published a forecast of 1,000 billion dollars bg trear 2015, distributed as follows: 57% for IT%32

for materials and 17% for life sciences. HoweVeeg, method by which these figures were obtained was
not disclosed. It is therefore necessary to retmian factual approach, based on observation.

For the most part, market segmentation remaing tetfined and covers some areas that are very much
consumer oriented, such as textiles, cosmeticspoding goods .

Nanosciences are often qualified as horizontal lmeeahey can belong to many of the sectors
identified by the European Commission:

- Information and communications technology, becalmsta storage media have very high
recording densities (1 terabit per square inch}ivities such as molecular and biomolecular
nanoelectronics, spintronics and quantum compuguggest that disruptive technologies may
be in view in developments designed to achievecoompany miniaturisation. Cryptography
methods for data transmission, or nanolithographkyaéso involved.

- Energy technology. Several fundamental contribgiare expected in this field, not only
for energy savings (by insulation, transport amhting efficiency), but also for renewable
energy sources (solar photovoltaic cells) and cardbenergy sources for use in transport (fuel
cells, light nanostructured solids that could bedur storing hydrogen).

- Medical technology rhedtech and neurotechnology: surgery, tissue engineering,
biomimetic materials, bioactive and biocompatibtepiants, targeted thermal treatment of
tumour cells, producing heart valves, test kitsig€DNA chips and kits for the early diagnosis
of diseases. The neuroprotheses market is beinigdpbly demand (cochlear and retinal
implants, development of flexible electrode masiostc.).
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- Ecotechnology and in particular that of water: deétm and neutralisation of micro-
organisms and pesticides, water and soil purificatpossibility of nanomarking products),
reduction of waste production over the lifecyclenanufactured products.

- Security technology: sensors that can be instafidde environment or in hostile places to
detect the presence of chemical or biological ayentd that are selective at the molecular
scale, food safety by nano-labelling.

To be complete, this list should include very intpat sectors for an industrialised country, such as
transport, building materials, ceramics and glésstiles and clothing, cosmetics, chemicals, lesur
activities through new, "augmented reality” sersiaed education.

Nanomaterials deserve special attention, since thegstitute the "building blocks" of the
manufactured products. All economic sectors beffiefih their development and their inclusion in the
manufacturing process. The firms developing naneras include both large multinationals such as
EADS, Rhodia, Michelin, Atofina, Saint-Gobain, Aliquide and Snecma and SMEs (DGTec,
Alchimer, Inanov]. A database of those companies involved in nanemad in France has been
produced under the impetus of the DiGITIP (Genelbatectorate for Industry, Information
Technologies and the Post Offic8).

They have been the subject of bilateral exchangeeruthe impetus of government organisations,
particularly in 2004 with Germany and Austria fbeir contribution to the low-emissions vehicle and
sustainable developmetit.

France has officially recognized at Brussels thetatechnology applications are cross-disciplinary,
covering the entire industrial and economic woaldd will affect all sector$.
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b. Public support for nanotechnologies and publigape synergies.

Public initiatives to support nanosciences and teximologies have taken place in Europe (mainly the
United Kingdom, Germany, France), in the United&tgNational Nanotechnology Initiative [NNI] of
the NSF), Japan, South Korea and Taiwan. The Popgégublic of China has identified these
advances as being critical and is also increasimylgsting, as shown by the references to academic
and industrial partnerships that were reported hat second SINE conference in Shanghai in
December 2004.

Public support for nanotechnologies, for all coiestrcombined, accounted for 3.5 billion euros in
2003. It is growing at a rate of 40% per year. Caragd to the 350 million euros in the European Union
budget for 2003, the member and associated stp&zd 800 million euros (Germany spent 250 M€,
France 180 M€, and the United Kingdom 130 M€). dapa public expenditure amounted to 810 M€
and that of the United States to 1070 M€, of wi800 was accounted for by individual States and 770
from Federal programmes. The other countries spEhtME (in particular China, Brazil, India, Israel,
South Korea and Taiwan).

The proposed American budget has a provisionatation of 982 M$ for NNI in 2005, to be divided
between 10 federal agencies, including the NSFjmadtided in government funding by non-civilian
agencies. As an example, the federal Environmédtatiection Agency (EPA) has estimated that the
amount needed for studying the toxicity of nanomale and their interaction with the environment
will be 5 M$ in 2005; the NIOSH (National Instituier Occupational Safety and Health) will probably
spend 2.3 M$ to obtain a better understanding @foparticles occurring free in the air and to
determine whether the carbon nanotubes are liabh@ate adverse effects on the heart and lungs. The
Department of Defense (DoD) plans to spend 5.5 M2005 to develop a simulation model and a
model for preventing toxicity from nanoparticles, addition to the 20 M$ reserved for the study of
nanostructures that could be used detect and pragginst ionising radiation and bacteriological
agents. The national toxicology programme hasestatfive-year study, with a budget of 3 M$, on the
toxicity and the carcinogenic potential of nanojoées.
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The State of California, anticipating the need dotsecond wind" to keep up the momentum of its
international specialisation in silicon technolagi¢hreatened by delocation and the consequences of
the turn in the new economy boom, has investedM®@o create the California Nanosystems Institute
(CNSI), whose main research subjects are high ydlde-light emitting diodes to replace tungsten
filament bulbs, photonic structures for optical geations, the handling of light using photonic
crystals, information and communications technoldgylecular electronics, spintronics, photonics
and quantum computing), pharmaceutical screeninghads using nanotechnologies, and the
development of medical diagnosis td8ls

Comparing the efforts made by France and the UrStatles does not make much sense, as the large
macroeconomic aggregates in the former countryheresize of those of the state of California rather
than the entire USA. Only the combined power of Bhgopean Union would provide a relevant
comparability with the United States. And even théme significance of numbers still requires
attention: for example, should these statistickioe the wage bill for researchers?

France has not really announced any similar imato the American National Nanotechnology
Initiative. There is nevertheless some funding,clhis divided between the Ministry Delegate for
Research, theMinistéere de I'Economie, des Finances et de ['ltdiis(MINEFI, ministry of the
economy, finance and industry) tiglégation Générale pour I'Armeme(@GA, the French arms
procurement agency) and tAgence Nationale de Valorisation de la Recher@hVAR, national
agency for the promotion of research), dependingrogrammes with specific purposgsVioreover,
the government authorities expressed their intemesand their support for the development of
nanosciences and nanotechnologies as early asa2@O8onfirmed this in their forecasts in 2005. The
interweaving of research functions in micro- anahatachnologies makes it difficult to distinguish
them clearly, especially in the statistics relatiogresearch scientisfs To be exhaustive the data
should at least also include the budgets ofris&tut National de la Santé et de la Recherchelivade
(INSERM, national health and medical research tunst), the Office National d'Etudes et de
Recherches Aérospatial@NERA, national bureau for aerospace studiesr@selarch) and théentre
National d'Etudes Spatiald€NES, national space studies centre) allocatethtmtechnologies, even
though these do not appear us such in the figures.

In practice, the Ministry Delegate for Researchagrs the leader in this field, as shown by its iegd
role in preparing the French position in the delmatehe conclusions of the Competitiveness Council
held on 24 September 2004, which became incregsintgrministerial as applications developed in
many directions (especially industry, home affaivsalth and agriculture), and now also involve the
MINEFI and theMinistéere de I'Ecologie et du Développement Durgd&DD, ministry for ecology
and sustainable development ).

It is planned that the futur&gence Nationale pour la Rechercf@NR, National Research Agency)
will include nanosciences and nanotechnologiesdimdjects, nano-components, nanobiosciences and
nanomaterials) among the major technological stbjeentified as being priority. With this respect
the Network Micro NanotechnologiRMNT, micro-, nanotechnology network) should brarged a
budget of 4.1 M€, 2.3 M€ of which will be for joiattivities with the DGA actions.
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The status osroupement d'Intérét Publi¢GIP, public interest group) for this agency ammmed’ by

the Ministry Delegate for Research seems to betadaj a transitional period during which the
funding of priority research oriented by the goweemt, is switched to funds not included in the aidg
act (loans, public-private partnerships). However European dimension must become dominant in a
fairly short space of time, opening the way toithplementation of a recommendation of the Strategic
Council for Information Technology, according to timeds yet to be defined, such as, for example, a
European economic interest gréypwhich will associate in a public-private, civiné military
partnership, the funding of R&D judged to be ptipriand strategic in terms of knowledge,
employment and competitiveness.

The 8" Research and Technological Development FramewargrBmme (RTDFP) is planned to have
a budget of 1.3 billion € for nanosciences and teatmologies. The European Commission envisages
that this budget should be tripled in th8 RTDFP, whose major orientations are currently gein
defined. To these data, should be added the butlggtdinance the nanotechnologies pertaining to
information and the communications technology, éxzbhology, medical technology and technologies
for sustainable development using Community furadg] those for projects reserved for new and
emerging concepts (NEST programme). Here agaiayvanue for searching for the best criteria for a
rigorous, reliable and ongoing evaluation is taekplored.

The construction of thEspace Européen de la Recher¢B®RA, European research space) will open
new opportunities for outsourcing the coordinatainlarge-scale European projects. In the case of
priority programmes that will be supported by thHR there is a certain overlap with the priorities
sketched out by thé"RTDFP. This is why the status of the ANR shouldbeceived to benefit from
decentralisation of the Research DG action Resefimzh the first call for tenders of th& RTDFP.

Because it is necessary to set up programmes ellerce sized to ensure indisputable international
credibility, a status associating two or more Eeap partners (such as Germany and the United
Kingdom, to start with) seems to be more approptilbén a purely national legal status.
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c. Emerging markets

The identification of civil, dual or military emergy markets, and their segmentation on the basis of
applied research can only be conducted, in theeotustate of statistics, by approximation and panel
among companies, from start-up firms to the largdtimationals, that import or produce information
technology, biotechnology or medical technologya ihighly competitive field where business secrecy
reigns. The statistics on use within companiesam®st inaccessible.

This is the reason why our task force has recometkrtiat a tool should be made available to
government organisations and the European exec(gige a European monitoring body), to obtain
reliable information on the impact of scientificcatechnological progress, in terms of the economic,
social and ethical implications and the impact twe tehaviour of the parties involved. This
recommendation has been taken up in the wordirtheodfficial French position in the debate of the
Competitiveness Council with respect to the residmsdevelopment of nanotechnologies. It was
received with great interest when it was presented4 and 15 September 2004 at the Conference on
Converging Technologies for a Diverse Europe.

The Direction des Relations Economiques Exterieu(BREE, directorate for foreign economic

relations) office C5 included in its programming 2004, under the heading of the Life Sciences
network, a report on the future of nanotechnologiealmost all the world's markets (except for sub-
Saharan Africa and South America). Planned to daighed in November 2004, this report was to
provide much information on the development of éabinologies through nanotechnologies.

The markets for instrumentation and scientific pqent for use in laboratories that will conduct
critical technologies come upstream of those ofrtess and consumers.

Instrumentation and metrology are tools that empower the development of nanosegerand
nanotechnologies. They asectors where the risk of strategic dependency akely exists and is
very serious. They therefore deserve high priority in cutting-edg&D, while ensuring adequate
industrial production capacity in France, or astesithin the European Union, with a guarantee tioat
one will refuse the sale of the latest instrumezilable at an affordable price. These sectoesadly
constitute a considerable, but dual market, whengpbrary embargoes on the export of goods and
technology transfer are a possibility. The worldrke& is estimated by the NSF to reach 22 billion
dollars per year by 2012.
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Offers of services to industry are developing ie ffeld of dimensional contact-free metrology, in
particular in the automobile, aerospace, nucleat asearch fields (synchrotrons). Integrated by
multidisciplinary teams, they provide a "seamles®rvice from the sensor to the associated
engineering and Ff.

Major research is currently being conducted infiakel of corrected and quantitative subnanometric
microscopy, whose applications will make it possibb accurately measure objects the size of an
Angstrom, i.e. a tenth of a nanometre, with a @rmgguse time, and therefore minimum distortionsThi
advance will make it possible to discriminate begwésotropic and anisotropic materials, by obtanin
the signature of the anisotropy (e.g. by a crysthbse properties vary from one direction to anQthe
The development of and the market for nanopartiates nanostructured materials depend closely on
scientific and technical progress derived from obston and simulation.

The time factor is vital in terms of patent appiicas on new materials and their properties. Anpyle
for budgetary or more strategic reasons, in thelahibity of laboratory equipment would have very
adverse effects for the scientific and academicraamity, for industry and for the economy in general
The current situation is one where French and EBanBEMES no longer obtain orders from the major
laboratories, who prefer to procure "off-the sheslfipplies from Japan (see the positioning of tH@eLJE
groug®, %) or the United States.

There are also existing military and security meskand funding for dual technologies is providgd b
American agencies such as the DARPA, DoE, the Deyeat of Health and Homeland Secuiity
There is a huge potential for civilian applicatioterived from this funding (e.g. biological sensor
networks).
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The nano-arms race has already started and isaaasepmarket. It will lead to severe strategic and
tactical upheavals, since the products will be Widiésseminated, and deterrence will be impossible.

The search for first-strike weapons targeted ondhemy populations, plus maximum protection,
coupled with special tools for increasing troopshsory and locomotory abilities, allied with the
calling into question of concepts derived from theclear deterrent, will ensure that arms race for
weapons of mass destruction based on nanotechaslaifi be almost boundle$s.

2 The risks created by nanotechnologies

For there to be a risk, in principle three factonsst be present: a) a possibility of damage oaogyri
conventionally assigned a minus sign; b) a degfeeatability of this damage actually occurring;ec)
population of individuals that could potentially laéfected by the damage and whose "utility" (or
"satisfaction”, or "ophelimity”, etc.) serves astandard for damage assessment. The debate on the
"precautionary principle" has led to the introdantof anepistemiaanking, i.e. the type of knowledge
that those involved either have or do not havehenprobability of damage occurring, for example in
the form of objective probabilities. The definitiohrisks is very restrictive, and it is evidenatta new
technology in general has effects that are nosriskhis sense. When the National Science Foumalati
said of nanotechnologies that it is going "leac tchange in civilization”, it would be very diffituo
either ascribe a plus or a minus sign to this fd#g] or to say anything about its probability even
assess the consequences by adding the differewfidlatility” across the entire population. Risk
analysis is an important factor for the normatigsessment of a new technology, but on its own, it
does not represent the totality of this evaluatibmere is a "risk of risk-analysis tyranny ", tceufe
wording of the British Environment AgenéS. Our task force judged it essential to extendetfécal
assessment of the nanotechnology programme, elpegfeen considered within the framework of
meta-convergence, far beyond that of risk analysis.
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That being said, the standard risk assessment agprimcludes identification, management and
assessment stages. There is an abundant litematutee subject and the institutions, at least enEe
and in the western world, have generally taken axtoount this aspect as far as it concerns them.
Companies have also been obliged to include trenéial aspects of industrial risks as a compulsory
item in their annual accounts.

The insurance and re-insurance sector has itselé flong time invested in modelling, in order to
calculate probabilities and amounts, in orderetatise price of their premiums. One of the re-iasge
groups that is very proactive in this field is tt@mpany Swiss Re, that poses the problems in these
terms: to reduce the uncertainties associated maittotechnologies, risk analysis and management and
the options for acceptable risk transfer must bdist on a shared basis, between business, stsentis
government authorities and insuférs

The health insurance field can serve as a countsindhe disastrous macroeconomic effects of
problems related to coal dust, asbestos and resiofudiesel combustion, etc. being the result ef th
absence of such a consensual approach.

The relation of risk to responsibility is tradit@ly determined by the occurrence and demonstration
negligence, which implies a responsibility of ajeghve nature. The risks posed by nanotechnologies
open the way for debate on the conditions of theur@ance cover for risks, which thHeéonseil
Economique et Socigleconomic and social council) approached in thesms: the principle of
subjective responsibility could be replaced by thfabbjective responsibility, making the risk, amot
negligence, the foundation of responsibifityThe implications regarding the legitimacy and roeith

of government intervention are important, from iggotion of thenanoerror, which characterises the
concept of "no-fault" liability, to that of nanokter,?® which refers to a "major risk ", which may or
may not be related to a deliberate act.
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a) Simple causality

The intuitive approach in terms of the risks posgdanotechnologies consists of choosing whether to
develop or limit them in terms of minimising costsmaximising benefits. This approach is by nature

causal and focuses on still very recent and lim#tedlies, on toxicology relating to the human body.

The studies by Dr Vicky Colvin (Rice University, lted States), supported by the NNI, are the world

reference in this field.

This approach is absolutely essential and requimssiderable development, in liaison with the
chemical industry that has the necessary experimcassessing the risks relating to the production
coating, and dissemination of the final produdsf{(include colorants, industrial perfumes, coscseti
aerosols and pesticides that can come into evergdayact with living organisms). In this area,
consumer pressure is a key factor for the settmgfusuitable regulations, starting, for exampléhw
the assignment of a new CAS numb€hémical abstract safety registry numpérr manufactured
nanoparticles.

However, such a simple causal approach, althougbknéal, should be included within the wider
perspective of ecotoxicology and especially thahefvery special nature of the risks posed, dirext
indirectly, by nanotechnologies.

The first version of the project Nanosafe lies lestw these two approaches. The European Union has
attempted to relate the phenomena of simple caysald systemic analysis as from tH& BTDFP,

with the NANOSAFE project of the programme GROWTWIith a budget of 300 k€, it is entitled
"Risk assessment in production and use of nanopestwith development of preventive measures and
practice codes"and reported its conclusions in June 2004. The méithese was calling for the
creation of a single regulatory framework for ther@pean Union in this field where the more the
information is vague, the more it leads to fear acepticism. The call for tenders of th® RTDFP

was called Impact of nanoparticles on human health and therenment.
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b) The dynamic and systemic nature of risks in nartechnologies

The first improvement to the simple causal appraamtsists in opting for a systemic understanding of
the risks posed by nanoparticles and nanostructoreducts, using a methodological procedure that
has been well defined in ecotoxicology studies. yhaptic representation of the environments
surrounding the emission of nanoparticles, trartsgaposure and the effects has been attempted by a
working group of the European Commission's Heatith @nsumer protection D& It highlighted the
usefulness of a systemapproach to risks.

Government policies are increasingly involved i tmanagement of environmental crises, which
implies having quantitative and qualitative skitighe understanding of the nature of risks andaichp

S0 as to optimise public intervention. Environmémisk assessment is conducted according to the
following sequence "identification of the dangerexposure — the dose-effect relation — risk
characterisation".

The ecotoxicological approach concentrates on remtiofes and nanostructured materials that are free
or bound, manufactured or released by a manufactyrocess that is intended for other purposes,
with or without a coating, and with a variable tifee.

At this stage there is an expert consensus on nipeedictability of the properties of manufactured
nanoparticles, or those occurring naturally ineghgironment over very long time periods (oxidatain
dusts, volcanic ejecta, etc.), and nanostructuratemals. In these conditions and in the absence of
significant progress in this field, it is impos&bto pretend to be able make any exhaustive risk
assessment by a dose-response type approach exdsging exposure data.

Here again, the systemic approach is not limitedsks in the strict sense of the term, and must ta
into account the solutions that nanotechnologiesligely to provide for the major challenges facing
sustainable development. Nanomaterials, becausleeof new properties, can lead to a reduction in
environmental pollution, not only by improving aumderstanding of pollutants in the environment, but
also by the use of functional filters or of nanapg ceramics.
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The short-term requirements for increasing knowdedm the ecotoxicity of nanoparticles are
characterisation and classification, the prepanatd standards, investment in nanometrology and
instrumentation.

But beyond the systemic approach, another quaktasiage must be accomplished, if possible by
highly inclusive international cooperation, thattbe dynamic approach, which alone can take into
account the spatio-temporal dimension, and lead taormative methodology for assessing the
combination of risks, or meta-risk®sed by nanotechnologies.

The need for such a methodology is urgent. In Iiiseace, there is already a rather sterile
communications war between the promoters and thescof nanotechnologies.

On one side, some people vaunt in hyperbolic tehadenefits for humanity of the current scientific
and technical revolution. The report of the Amarmiddational Science Foundation (NSF), which
launched the nanotechnology programme under thee "@onverging Technologies for Improving
Human Performances" (2002), without doubt beatthalrecords. It promised no less than the eventual
unification of science and technology, universalterial and spiritual well-being, world peace, the
pacific and mutually advantageous interaction betweumans and intelligent machines, the complete
disappearance of obstacles to universal commuaitati particular those that result from the diuigrs

of languages, etc.

However, research workers in the field easily $geugh this. If you overemphasize the "fabulous”
positive consequences of the current revolutiory Yay yourself open to no less "over-the-top"
criticisms that endeavour to kill it before it isr.

The risk most frequently expounded by critics, aidch has already been dramatised in book form
and soon at the cinerffais that of the uncontrolled self-replication ofno-robots following a
programming accident or an act of terrorism. Allpairt of the biosphere would then be destroyed by
the exhaustion of the carbon reserves needed éosélfi-reproduction of the nano-engines in question
The possibility of such nano-robots has been egeddy Eric Drexler, the creator of the concept of
nanotechnology and the founder of the Foresightitine. Drexler himself has to some extent gone
back on his ideas in an article published in Jub@42entitled "Safe exponential manufacturitigin

any case, this risk can only bring fear to thos® Wwhklieve in the possibility of such machines. By
simply denying the possibility, this pseudo-risk ¢z dismissed with a shrug of the shoulders.
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Oscillating between such extremes, the debate @misks of the nanotechnology programme has got
off to a bad start. By attempting to weigh enormdus very poorly defined, costs and benefits on a
single set of scales, the normative assessmenmneiier provide information conducive to decision-
making. But before restating the problem, it isessary to define what it is that makes emerging
technologies so different with respect to the pudoaary principle and why it is legitimate to tadk

an entirely new form of risk.

The normal criticism that is made of any technatagimisuse, consists of lamenting that the dream of
Descartes —se rendre comme maitre et possesseur de la rigtorenake oneself master and owner of
nature), or the "Promethean” ambition of man, haveed out wrong. It appears urgent to once more
to gain "control over control”. It seems likely this criticism is missing the point. The imagipar
idea that underlies the nanobiotechnological progna, in particular, is bioengineering, and then
eventually, the fabrication of life itself. And,dse who want to create life cannot help themsédhozs
wanting to reproduce its essential ability — thiatr@ating in turn something radically new.

As John von Neumann already predicted, in his 1B48ght experiment on self-replicating automata,
tomorrow's engineers will be at least as much egpdoand experimenters as producers. Their success
will be measured at least as much by the outlandsh of their creations, that will surprise even
themselves, as by the conformity of their work te-pstablished specifications. Disciplines such as
artificial life, genetic algorithms, robotics anduibuted artificial intelligence already fit inith this
prediction. It is in this perspective, which tertdsobliterate the normal distinctions between sméen
and technology, discovery and invention and therdist and the engineer, that the question of risks
should be repositioned.

The popular media have had a field day with reportsthe major scientific risks associated with
biotechnologies and all the conflicts of opinioeyhave engendered (e.g. moratorium on genetically
modified organisms, and the views of ethics coneagton stem cell research). In contrast to what has
happened in the United States and some countriasrthern Europe, nanotechnologies have not yet
been the subject of popular scientific reporting=nance. The comments that have been made come
mainly from economic affairs reporters, and remortthe subject from a viewpoint of competitiveness
and the involvement of various companies and gbleties. But this situation is likely to changewer
quickly. The main stakeholders in the nanotechnplaggramme must be ready, which implies that
they must organise means of holding debates amdisti®ons without delay, using a methodology and
rules that are mostly yet to be invented.
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3 The ethical questions raised by nanotechnologies

We will deal in succession with the question ofiethgoing beyond risks, and then the cultural
obstacles that confront this question.

a) Ethics beyond risk analysis

The task force revealed five main aspects by wthehethical questions raised by the nanotechnology
programme can be identified. To dissociate thidyasmafrom the problem of risks in the strict se$e
the term, this discussion will refer to tledfectsof nanotechnologies. A distinction can be made
between: 1) the effects on relations of dominatidnthe effects on the relation with nature; 3) the
effects on the relation with knowledge; 4) the edheffects; and 5) the metaphysical effects.

al) The effects on relations of domination (the eftts of power)

These are effects that affect opinion and explaostnreasons for rejection. They range from the
monopolisation by a small number of companies efrtfeans of production and of reproducing life, to
the domination that science and technology exerthenpublic, the vast majority of which does not
have access to the scientific and technologicalupal They alsorange from the humiliation that
scientists feel when they have to resort to putaiations exercises to gain "acceptance" that besom
increasingly tenuous, to the anger of people wiebtfeat they no longer control what they find ogith
plates; from the deepening inequalities in the daol the new poverty caused by the monopoly that
new technologies exert on acts or relations thaehio had escaped from technology, etc.
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a2) The effects on relations with nature (ontologal effects)

The current debate on the transformation of thaticels with nature provoked by new technology is

generally presented as follows. On one side, radicalogists consider nature to be an immutable
model of equilibrium and harmony, and humans assponsible and dangerous predators. On the
other, the modern humanists want to divorce humpdrotn nature and make it master and possessor of
the world and of itself. In the first case the tisgression" is reviled, in the second it is hailed.

The debate that is therefore underway appearsttatk force to be very unsatisfactory. Behind yver
scientific and technological "paradigm” there isawhKarl Popper called a "metaphysical research
programme" — all the non-testable propositions #r@ assumed to be correct with no attempt at
questioning them, the theoretical framework thaits the type of questions that are asked but which
also first inspire them. The metaphysical resegm@gramme of nanotechnologies, considered in the
framework of meta-convergence, where the cognsisiences play a very singular role, is based on
two proposals that could at first sight seem teadradictory:

1) The spirit and life must be naturalised so thaty again find their place within nature, whiclvga
rise to them.

2) This naturalisation involves mechanisation artdi@alisation, not only of nature, but also ofel
and the spirit.

If nanotechnologies aim to pick up where nature Bfiedhave left off, it is only because they have
completely redefined them in their image. The egpien "artificial nature" is therefore no longer a
contradiction in terms.

Once such a view of the world is accepted, onenly a step away from formulating the task of
becoming master of these computational and algoittmachines, first by simulating and reproducing
them (the birth of intelligence, then of artificidk), then by changing them the way an enginesuld
(biotechnology, cognitive technology, nanobiotedbgg, etc.). The problem is no longer to know up
to which point one can or should "transgress" maturhe problem is that the very notion of
transgression is on the point of losing all seiad, there can be no ethics in a democratic society
founded on science and technology without procedtirat are freely consented by all citizens to set
the limits of what can be done. A fundamental tension theeeftows itself here between the
imaginary that governs technological advances had/éry conditions of ethics. It is essential towh
great lucidity on the subject of this tension, iblent rejection reactions are to be avoided inltmey
term.
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It is obviously especially on the subject of itsaifd of its own nature, if it is recognized as hgwne,
that humanity must decide its transformation thoéddy beyond which it should not go.

The Astronomer Royal, Sir Martin Rees summariséugthas follows: "the most important novelty is
that human being themselves are henceforth capébleanging. In the last ten millennia, the chagact
of humans and their physique have scarcely charBedin the next hundred years, with targeted
drugs, genetic modifications and possibly the imfg@on of microcomputers within the brain, human
beings could start to change. This makes the cucentury even less predictable than the previBus"

The question of the bionic man is at the hearthef éthical question. The debate has already started
with gene therapy, with a favourable conclusion mheas a question of repairing a deficient funatio

but an unfavourable one when the aim is to impréneman sensory or motor performance.
Nanobiotechnologies will certainly break down theseersimplified distinctions, which form the
grounds for such contrasting conclusions.

a3) The effects on relations with knowledge (epigtac effects)

At the beginning of the #Bcentury, the Italian philosopher Jean-BaptisteoMirmulated in famous
terms the postulate of what he called the "newnsei&é '"Verum et factum convertuntufthe true and
the made are interchangeable). We can only ratiokabw that of which we are the cause, that which
we make. According to this criterion, in decreasorder of perfection of knowledge, mathematics
comes in first place, followed not by the natureileaces, but by the moral and political sciences.
However, the natural sciences themselves must, thenstart, be oriented by the conviction that you
can only know by making. The insistence on the "hofyprocesses rather than on "being" of things is
thus explained, but also, in particular, the coasifile role devoted to experimentation and modgllin
by science.
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With nanotechnologies, this philosophy of scienbeutd find its final outcome. It is not only by
conducting experiments on it, and it is not onlyrbgdelling it that humans will know nature. It is
literally only by re-creating it. Yet, immediatelit, will no longer be nature that they will knowytb
what they have made. Or rather, it is the very ioleaature, therefore information outside of ongsel
that will appear to be outmoded. The very distmctbetween knowing and doing will tend to lose its
meaning, as will that which still currently sepasathe scientist from the engineer. We can alrsady

in biotechnologies alone that the distinction betweiscovery and invention, on which patent law is
based, is increasingly difficult to discern, asnggsed by the debate on whether living organisms ca
actually be patented.

a4) The effects on the very possibility of ethicethical effects)

Nanotechnologies open an immense continent thathitynmust be able to standardise if it wants to
give it a sense and a purpose. The human subjest have recourse to a greater willingness and
conscience for determining, not what he can dowhat heshoulddo. To do this, an infinitely more
demanding ethics is required that that which igently being set up to contain the pace and passibl
misuses of biotechnology.

When we talk of "ethics", "conscience" or "willinggss" we talk of triumph over the subject. But what
does this triumph signify in a conception of theriddhat deals with nature, including humanity,aas
computational machine or as an algorithm? This mityaéhat has thus become a machine, in the name
of whom or what is it going to exert its immensevpo over nature and over itself? In the name of the
mechanism with which it identifies itself? In thame of a meaning of which it pretends that it ikyon
an appearance or phenomenon? Its willingness amthdtices can only hang in the void. The unlimited
enlargement of the field of ethics in the long tehmeatens the very possibility of ethics.

Centre de traduction Minéfi - Dossier n2392-05 - 1 2/01/2006 - Traduction pour le Conseil stratégique des technologies de I'information 25
http://www.csti.pm.gouv.fr




ab) The effects on categories (metaphysical effects

It can be considered that the mechanistic and ctatiponal metaphors on which both the cognitive
sciences and molecular biology are built are boténgifically and philosophically false and it cae
conceded that they give us a power to act and daeadically new mastery over the natural and living
world. If such is the case, the very success thatrtew technologies will achieve will make the
mechanistic and computational representations tfr@aand of life incontestable and no one will be
able to say that they are illusory. It is no exagten to talk of metaphysical effects.

The most worrying effect is without doubt the clogl of the categorical distinctions by means of
which humanity has been able to place itself witthiea world, ever since humanity has existed. The
non-living natural, the living and the artefact atut to fuse.

Each of the categories in this classification, he succinctly sketched dit would be worthy of
inclusion in the public research programme, ingtgdihat of the CNRS human and social sciences
department. The results could usefully enrich tabatie of the various ethics committees. We repeat
that this is an essential challenge, that of timtdi that society, at a given time in its evolutianshes

to define to make the pathways of research andntéoby acceptable, and therefore effectively
appropriable by the citizens that compose it.

b) Towards gradual institutional awareness

The European Ethics Committee included in its 2pBggramme the ethical questions raised by the
development of new means of communication and m&bion technology and nanotechnologies.
According to this committee, the change in the ephof the identity of human beings will be at the
heart of the debates, by taking into account thespgects opened by new, non-invasive and
biocompatible interfaces provided by nanotechn@sgbetween humans and the machine.

Centre de traduction Minéfi - Dossier n2392-05 - 1 2/01/2006 - Traduction pour le Conseil stratégique des technologies de I'information 26
http://www.csti.pm.gouv.fr




These preoccupations are in accordance with thdéocdakender priorities of the European Commission
in the field of future concepts in the NEST progrnaen In addition to the complexity found in the
science of synthetics and synthetic biology, thigpamme identifies a third priority that refersthe
relation between cognitive sciences and technadbgicogress, with this striking title "What does it
mean to be human?" Noting the NNI and the finarsuglport, especially by the DARPA, it attempts to
stimulate research in this field while adoptingradent approach when it involves the functioning of
the brain in its relational and emotional aspects.

The calls for tenders of the"6RTDFP in nanosciences/nanotechnologies require thea projects
submitted include an "ethical" section. Howevema®of the people involved were able to satisfy this
requirement, neither the designers nor the sulmpitte the assessors. There is therefore still
considerable room for improvement in this field.idt very important that the choice of research
supported by public funds should be made with kalbwledge of the facts, on the basis of explicit
assessment criteria, drawn up by all parties irealwn the basis of clearly defined ethic prin@ple

Because of the inherent limits of the methods sk ssessment and assessing social and ethical
impacts, the international community has startedotk for a means for discussing the responsible
development in this field. The meeting that waslhelAlexandria, on the initiative of the NSF innéu
2004 on the subject of responsible internation&kettoment of nanosciences and nanotechnologies,
included in its programme a working group on theie@conomic and ethical aspects. (See part 3 of
the report, below).

This group recognized that nanotechnologies haadest to become the subject of discussions in
society, that producing factual data, measuringgyion and explicitly stating values are going to
become an integral part of discussions betweemtsi®, governments, business, representativdseof t

public at large, government policymakers, the madié any other stakeholders.

The ethical question posed by "increasing” humafopaances also came to light, as either being a
choice that is freely consented to or not. For gdamwhat should be done if a country decided to op
in favour of a particularly controversial techniqae product? Would this would create pressure on
other countries, either to opt in or opt out okttechnique or product? Would pressures be exerted
those countries that decide to go ahead and wbatirse would either side have on this questien
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The position of Austria announced at the Competiteass Council on 24 September 2004 is very clear
on this question: "considering the preliminary feswn the questions posed by the available
nanotechnology in the fields of the impact on thelig health, security, consumer protection and the
environment, the research on safety must continuket supported in Europe. Public access to the
results and their active dissemination and thenliegtion are of the highest importance for preirent

the mistakes that have been in other areas of ndseaA responsible dialogue with the parties
concerned (research, industry, public sector, amessi and professional representatives) must be set

u p36

However this position is optimistic with respectie nature and the quality of the available resdite
observation tools are still very fragmented anddfuge unsuitable, in their current state, for pdow

a satisfactory overview. Especially, it seems t&enldtle of the lack of conceptualisation and ahle
methodological tools for conducting an authenticnmative assessment, along the lines described
above.

In France, theComité Consultatif National d’EthiqUEECNE, national consultative ethics committee)
created a working group in 2004 specialising inatachnologies. Our task force on one hand has
helped with this group to liaise with th&éseau micro nanotechnologigRMNT, micro-
nanotechnology network) and also with the CNRS national ethics commitbest the initiatives again
came up against the stumbling block of a lack seasment methodology.

Research on risk assessment and toxicology/ecalogjg studies are certainly welcome and useful,
but they only contribute to a small extent to pdwvg consumers and citizens with the proof of safet
that they need to support the development of nahat#dogies, and the answers to the questionstthat i
will inevitably pose on the meaning and purpostheftechnological advances.
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There is a major risk in denying the very existen€any risk under the false pretence that factual,
measurable and interpretable information is notilavie. Although it is easy to maintain, public
confidence is almost impossible rebuild within ang@tion once it has been abused. The ethical
dimension therefore appears to be a fundament&brfaot only for acceptability, but also for the
orientation and forthcoming implementation of tlde@nces coming from nanotechnologies.

In practice, manufacturers recognize that the he&ks related to the production and use of carbon
nanotubes have not been clearly established and couastitute a stumbling block that they wish to
avoid. A coordinatiorof the taking into account of these risks and appate_communicationare
particularly necessary on this subject, estimateepeesentative of ATOFIN® a company that has a
simulator capable of producing of 10 tonnes/dayxarbon nanotubes at a cost price of less than 10
€/kg, i.e. 10 times less than the reference priceedcompany Nanoledge.

Institutions have recently become aware of thecathssues through the question of limits. As the
industrial risks become better known and we know lto assess them better, this awareness will
progress. This will remain insufficient as longthe ethical issues that reach beyond risk anaiygis
not more clearly apprehended. In any case, somstaese, mainly of a cultural nature, is highly
likely.

c) Cultural obstacles to dealing with ethical qicest

There are currently major obstacles to introdu@tigcal arguments in the field of nanotechnologies.
These obstacles are related to the fear of a bosakdn transatlantic relations, and the underlying
industrial and cultural issues.

Not all countries allow the international publicdpenly scrutinize the underlying trends that Strcec
their society. From this viewpoint, the United 8tatends to be more accessible to analysis thamnsoth
In this country, there are two positive trends thattually reinforce each other and consequently
accelerate the development of applications madsildesby nanotechnologies, even if they show
substantial differences in terms of communicaffon.
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Firstly, there is a trend that we will call the lightened progressive movement”, which is involved
promoting progress in fields of general interestdolppting a responsible attitude to applications of
discoveries and of their multidisciplinary combioat. These latter are presented in a positive
historical-philosophical context: their breadth astibck waves will launch a new Renaissance. The
promotion of the responsible attitude is accomphridy a minimal investment in toxicity and
ecotoxicity studies, but does not consider the fpref ethics in itself as being fundamental. The
underlying assumption is that ethics will adaptéese it must do so, to the new state of affaicsea

by the technology. Positive thinking outweighs tiegative in amlmostaxiomatic manner.

The second, that we will call the "libertarian mment”, aims at affirming the inalienable right aicé
individual to chose for him or herself whether twrease his sensory or motor performance, either
singly or in a combined manner, reversibly or ieesibly, by means of a human-machine interface
made commonplace by nanotechnologies — a view bgld'transhumané®. According to this
movement, all form of limit is illegal and thereéothe question of ethics does not apply. The p@siti
rights of the individual outweigh the collective dapossibly negative approach, in absolutely
axiomatic manner. Or, more precisely, the ethiesdstjon resolves itself by the refusal to allow any
government interference, that is seen anti-libemeand therefore against the American constitution

In the European Union, there is insufficient awassnof the ethical challenge, as shown by the groje
of the 8" RTDFP, entitled the "NanoRoadMé&p"over the period January 2004 - June 2006. This
project dealt with the predictable applicationsnahotechnologies in sectors as important as energy,
materials, and medical technology, on account efrthoped-for contribution to competitiveness,
growth and employment.

Any ethical issues are, however, absent from tleeiBpations of this road map, as if society codéd
without them.

The eminently ethical question of the limits to thepossibilities opened by nanotechnologies was
not asked, or poorly put, the immediate consequena# this being the risk of a strong and short-
term discrepancy between the perception of publicmnion in the European Union and in the rest
of the world, with very uncertain effects on the caotinued public support for scientific and
technological developments in this field.
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The question of the relation between ethics anthbacceptance can be treated in very differentsway
The realists and the cynics in any case point loatt interests will always prevail, whether or roy

lead to a violation of the ethical requirement®msgty anchored in the collective conscience, bezaus
they think that this anchoring is contingent, amdpart arbitrary and therefore not sustainable.
However, history shows that when divergence isgi@at between technology and ethics, the resulting
social tensions create damage and suffering tleasametimes irreversible. On this subject, ethical
specialists evoke the principle of "tolerable dgemce" between the facts and values. Consequently,
even the realists should not try to bypass thetmresf ethics.

From this viewpoint, it is significant that Japalars to open the debate on ethical aspects when it
officially announces its national position in favoaf nanotechnologies, which is currently being
defined at interministerial level. Dr Kazuharu Stham deputy director general of the science and
technology policy councilGabinet Officg wrote on 4 April 2004: By applying nanotechnology (...)
these progresses may cause a drastic change @l systems, industrial structure and individuaélif

In order to be ready for such drastic change, iratmn and education system, and effective measure
in social scientific field such as economy, legatter, ethic and culture, have to be discuséed"

Russia does not seem to want to become involveslich an approach in the short term. As for the
official American position, as expressed by the &n8ecretary of Commerce for Technology (Mr
Philip J. Bond), it consists firstly of requiringsagnificant return on the investment made by tiNd,N
the priorities of the applications being given torkeland Security and the fight against terrorism on
the one hand, and the creation of qualified joldkiwiAmerica on the other.

It should however be noted that 1% of the Fedemlew allocated to nanotechnology research must go
to research on the social and ethical implicatidieanks to this money, universities such as Stdnfor
and the University of South Carolina at Columbig & the process of setting up research institutes
dedicated to these questions, in which eminennssts in the human sciences and philosophy will
participate. It can therefore be predicted that tt8A will also take the lead in this field. The two
signatories of this report will collaborate, in omay or another, in this American effort.
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It can be said, however, that, as a general ml#&a race for competitiveness as in the arms thee,
question of limits to nanotechnology applicatioamains the poor relation. It could be that thiensy

a short-term option, and that in the future a cditipe advantage could be found in the capacity for
anticipationand support for societal tolerance, and in the mwisims of appropriation and means of
expression.

We repeat that the effects of nanotechnology thedrést us here are not only the effects of the
technology in itself, but also the effects of theds that spur the development of technology, veneth
the technology comes to fruition or rf6tThe means of collective representation and theefopresent

in their evolution are here a major issue, whospesgustifies a structured and continuous atteritipn
public authorities, even if this were only for unstanding them better.

The difficulties mentioned in the correct considiena of the ethical dimension and its implementatio
in the face of geostrategic and of competitiverddsdlenges increase considerably if nanotechnology
is considered in its natural biotope, namely in lieart of a process of industrial meta-convergence.
The second part of the report will be devoted ®reality of this meta-convergence, to the differm

of approach on either side of the Atlantic and lte potential consequences on innovation and
exchanges.
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PART 2: NANOTECHNOLOGIES AND META-CONVERGENCE

The problem of convergence is traditional in thediof information technology (between computer
and telecommunications technologies), then betwH#ese two technologies with audiovisual
technology and the passage to the mobility of gaous services. The combinations in question here
are clearly more "counter-intuitive" to the extehat they henceforth transcend the scientific and
technological sectors that are traditionally tighgartitioned, from conception to marketing.

The problem of meta-convergence was more of adupuospect in 2004 than a reality. However,
combinations of inputs coming from at least twdidi sectors are starting to appear, at very wfie
rates. The aim of this part is to briefly deschimential opportunities and their economic intevelsén
they result from the convergence of technologiematterised by their ability to stimulate the rest
the economy.

Our task force estimated thihie convergence of transformative technologies witlreate previously
unequalled opportunities, for which the voluntarist acquisition of a favourable international
specialisation is justified

1. The place of nanotechnologies in the next tecHogical wave

We will deal with convergence firstly in two-by-twemmbinations, then in multiple combinations, and
finally in cases involving the cognitive dimensias playing a specific role.

a) Convergence by simple combinatiae$ers to products obtained from combining narfutetogy

with information and communications technology ()C@r mainly biotechnology, or else the coming
together of biology and ITC at the submicron scale.

The miniaturisation of electronic components hasaaly reached the nanometre scale and there has
been a consensus view of the rate of decreasean3) nanometres for a DRAM memory in 2004, 32
nanometres announced in 2013, for example, by TRSIlinternational road map. The integration
capacity of a component will increase from 1 billicransistors to 16 times more in 6 years. The
reduction in costs and size opens the way to u$estiag all of society, and to new perspectives fo
developing so-called intelligent environment sesgic(virtual reality, enhanced reality, targeted
dissemination of relevant information, the usertéfacts and avatars, etc.).
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Bottlenecks have however appeared in terms of tlaéifapations available for quantum engineering, or
the production capacities based on self-organisatia molecular computing (bottom up, using DNA,
etc.). Spintronics manipulates the spin currentsnamostructures combining magnetic and non-
magnetic materials. Major research is underwaywv fields: the field of spin transfer, by means of
which the direction of magnetisation in a ferromatimn component can be reversadthout the
application of a magnetic fieJdy the transfusion of spins carried by an elealicurrent, and the field
of nanospintronics. This is evolving toward nantipbes, quantum boxes and quantum computing.
The injection of spin into nanoparticles is onespas "the life time of the spin is longer, the kena
the size of the particf&".

Optical connections by photonic crystals, that essential for miniaturisation, depend closely on
progress in nanotechnology. A photonic crystal vatlwavelength in the near-infrared is formed of
elements about 100 nanometres in size, and thésfprecieeded to produce efficient components is
equal to or less than 10 nanometres, i.e. the smllprecision of silicon microelectronics. The

manufacture of three-dimensional photonic crysimlaow possible, bringing us closer to an area of
dreams: "manipulating the flow of light in the threpatial directions and ultimately controlling the
spontaneous emission of lighf".

The combination of nanotechnology and biology soainderway. It mainly deals with the techniques
of compressing and enriching DNA, proteomics, lviorganisms manufactured from synthetic
nanoelements (in particular viruses) and the prodonof extremely small living organisms. There are
increasingly great expectations of applicationsngdical technology, that need to be seen in th lig
of a risk of a hostile public attitude with respéotpossible misuse, which seem to be more of a
purposeful nature than accidental. High-densitychijps are the subject of fierce competition at the
world scale.
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b. Convergence by multiple combinatiagmgoresses the reality of industrial meta-convergen

Two-by-two combinations do not by themselves déscmdustrial realities. You have to combine at
least three sectors to identify the applicationthwhe highest added-value.

For example, the combination of nanotechnologyegionology and ICT, which requires a new
multidisciplinary know-how is favoured by sharedtimimentation and equipment. Biological sensors
organised into networks are very reliable when usedproduction lines. Advanced systems for
targeted administration for the detection and desitn of cancer cells, or for remote monitoring in
health applications, offer significant market presis, as well as cost savings for health servicea.
more distant perspective, reference can be matsetive skin" systems using remote perception er th
sensation of perception of touch (one of the elémeaid what could be called remote presence
perception).

c) The particular position of cognitive science aedirotechnologies

Cognitive sciences are not limited to knowledgd,daver the entire field of scientific psychologyda
its counterparts in philosophy, logic and humaesces in general.

Whereas the information technology community comsdinformation as data, cognitive science
searches for the conditions by means of which aentagcquires, holds, loses, transforms and
communicates information, i.e. all the skills arepresentations of which knowledge is only the
perceptible part® This is a multidisciplinary field that attempts taderstand how the human brain is
capable of learning, of using a language, of reagpithinking, having emotions, acting, having sbci
relations and behaving.
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The decoding of information in neural networks ansform it into command signals for controlling,
by thought, external devices such as robots or ctenp, is a key challenge for the applications of
meta-convergence including cognitive science andgatechnologies. The latter are materialised by a
series of tools capable of influencing the centealvous system. The future of research consistiseof
transition fromin vitro technology using tri-dimensional electrodes (pgitasn vivotechnology based

on the implantation of batteries of flexible electes. The test of the latter and the speed of their
development partly depend on the attitude of spaigth respect to stem cell research and the ctpnin
of living organisms, understood to be an accelerato

The industrial applications of the convergence ofgrotive sciences with the transformative
technologies such as nanotechnology, ICT and Wiatdogy are extremely useful in the fields of
repairing damaged vital functions (e.g. Parkinsoatsd Alzheimer's diseases and paralysis caused
bycerebrovascular accident) whatever the causete(tifor the armed forces, accidental or caused by
age for others). They also open the way to incnepsapacities, and thereby, to changing produgtivit
creativity, attitude, or even personality. They #rerefore more likely than other applications ® b
subjected to the question of limits.

Education in the information society is itself likgo benefit from meta-convergence centred on the
methodology of cognitive walkthrougiThis selects semantic spaces adapted to the aedienc
guestion on the basis of latent semantic analydiser than on that of subjective assessors, thereby
increasing the effectiveness of learning. Incluthed personal assistant that can be remotely déedro

at will, it suggests many multiple applicationstle education, vocational training and in profesaio
practices in a multicultural and multilingual eromment.
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2. The differences between the NBIC and CTs approhes

In 2004 a response was produced to the report @f National Science Foundation on NBIC
Convergence, by a group of experts brought togdithehe European Commission. In this sub-section
we will describe the specific details of the NSpa in terms of ethics and meta-convergence and fo
the purpose of comparison we will present the palliiy of the European approach, which is reflected
by different concepts from those underlying theoagm NBIC, this difference referring to distinct
purposes. We will complete this description by &fbreview of dual technology issues and an
examination of the potential consequences thaet#ferent approaches may have on competitiveness
and social cohesion.

a) The NSF on the issue of increasing performance

The subject of increasing human performance wasometd as one of the subjects liable to ensure the
promotion of the NNI initiative, by providing, a¢dst in popular media accounts, a completely safe
"new dream world". Although this area held the ligiat, reality was otherwise. The American NNI
devotes 45% of its budgetary resources to researcéynthetic nanostructures (physical, biological,
electronic, optic and magnetic), and 20% to systerrchitecture (interconnection, integration).
Nanoelectronics, optoelectronics and magnetic meits account for 39% of the programmes
identified as representing major challenges, tactvlaire added nanostructured materials accounting fo
22%. In contrast, research on biosystems at themaine scale only accounts for 14% of the NNI's
expenditure.

The miniaturisation of products and services defifrem the electronics sector therefore remains the
current and future core business of the internatiepecialisation of the United States in the adedn
technologies of the information society. The sgatedefence options against the effects of
electromagnetic arms, which can be designated dyettm of electronic warfare, also lie just beneath
the surface in the orientation of fundamental resea
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Help in coming to market also occurs as early aspitocess of public support for research, with an
allocation devoted to the process of manufacturigthe nanometre scale and investment in
instrumentation and metrology.

The new paradigm inaugurated by thé' 2&ntury will result from the NBIC convergence, acting to

a pattern proposed by Roco and Bainbridge in th@d1 and 2003 works cited in the appendix. A
complete understanding of reality or of nature @rstbod as an algorithm on which man can exert his
control), an objective against which all formergdigms came to a standstill, will be made accessibl
for the first time by the convergence, "with thdphef a human-computer interface which will allow
humans to learn to design and produce machinemémthation systems capable of helping them use
their potential to the maximum®.

The artificialisation of nature and the naturalisatof man are treated &t accompliby the American
NSF approach, with the reservation that theresisassessment in terms of simple causality or plyssi
in the systemic terms of ecotoxicology. The patkthexefore open to fast progress in all the fialtls
transformative technology and in their convergefi¢e role of the authorities is to establish aeseaf
conditions favourable for private initiative whigiaranteeing acceptability by public opinion.

b. The report of the European Commission expedstiam question of end-purpose

The European Commission held a series of meetihgaittidisciplinary experts from October 2003 to
September 2004 to establish a European refererstensyon the issues evoked by the NSF NBIC
report, by proposing other options than the laiteran exercise consisting of forecasting conveygin
technologies for the year 2020. The signatoriethisf report participated in this group of expentsl a
produced, under the individual responsibility oé tauthors, the targeted contributions cited in the
appendix. The results of this group do not repregenviews of the European Commission. However,
in the opinion of Theodius Lennon, director of fight at the Research DG, the results are intetwled
be incorporated in the process of revision of tiebdn agenda and to provide elements for orienting
Community public policies on the information sogiet
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The economic effects of converging technologiesjciwhwas not the core of the works, were
nevertheless included at our request on the bésisemarios in a specific documety prepared in
terms of its main recommendations on the basis arksvpiloted by one of the two authors of the
present repoff. The final document retained a strong societalnotation in the context of the
historical analysis of the appropriation of tecltogyl.

The models of societies, with their values, theeotiyes that they provide themselves with and the
priorities and limits that they set for themselvae vulnerable to the gain in power of the indabtr
metaconvergence that is forecast for the nextdeadtury.

The artificialisation of nature has shown the Isndf its acceptability with the sometimes violent
reactions against GMOs. What can we say of thegssoof the naturalisation of mankind if by it we
mean that "we are natural to the exact extentileatan become artifices, scientific products, that
can be transformed, improved, economised and erglbiy using the laws of naturé®?

The combination of biocompatible nano-implants,atedi to the possibility of creating, by
bioengineering neural connections and remotelyuarfting the working of the brain, provides
technologists with tools for operating on the "aoesce", seen as the globalisation of memory, the
perception of presence and the purpose of theracbhwillingness. For the time being, the scieatif
community confines itself to repairing activitiabdy are not going to change thought but only short
circuit the bits that aren't working properly). Buthat about societal intentions?

The European group of experts mainly differed frtra NSF report on one point, that of taed-
purpose pursued in the orientation of fundamental and &pgjplesearch.

The group judged that, because of the structurdlurad mosaic of the European Union, the
contribution of industrial meta-convergence shoblel used by government authorities to serve
humanity. Rightly or wrongly, it interpreted thedepurpose of the NSF approach as giving priority to
the service of economic competitiveness, to thesiptes detriment of mankind, its values and
fundamental rights.
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If there is a possible conciliation between the Aina and European approaches, it still needs to be
built from scratch.

The group also considered that the rate of disgowers so fast that it now exceeded the ability to
assess the technologgforeit became disseminated, therefore implicitly megrimat there is a duty

of collective vigilance. It expressed the desirer feurveillance of the forward march of
nanotechnologies at the same rate as its develdpandrif possible, in advance, by impact studies an
permanent monitoring, no less multidisciplinaryrtithe nanosciences themselves. This would be sort
of real-time reflex action to scientific and techogical changes, which would thus be the firstha t
history of humanity. It is without doubt made in@ile by the speed of change.

c) The open question of dual technologies and tiadity of competition

The civilian and military markets are distinct arms of specifications and segmentation. Innovation
designed for one can sometimes be transferredeoother at a lower cost. As far as defence is
concerned, the contribution of nanotechnologiegxpected in many field% including: energetic
nanomaterials, soldier protection, the informataetection and transmission and communications
management, remote-controlled actions, aeronanticspace avionics equipment and energy supply.

The transformative capacity of converging techn@sgds potentially propelled by the search for lowe
costs in ICT. According to prospectiveview, between now and the year 2024, a PC will bex8000
times more powerful than those of 2004, but forgsame power as those available in 2004 it will only
cost 20 cents and will be about the size of a hittor’*. However, it is also necessary to estimate the
approximate cost of a manufacturing line for tratess on grid of 7 nm, forecast in 2018, by the300
version of the ITRS road map, which would in prpieibe more expensive than the current cost (2.5
G$). For comparison, the investment in Crolles iéstimated to be 3.5 billion euros.

Nanotechnologies are already used create netwdrkensors that can detect and identify chemical
pollutants or bacteriological agents almost as sa®ithey appear in a given environment. Although
this technology is firstly being used for militaglgfence, it could be adapted to medical technology
few years.
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The industrial processes intended for civilian &gtlons and based on molecular manufacturing will
have, according to Chris Phoenix and Eric Drexdesyfficient potential to profoundly disorganise th
economy and international relations. These authstimnate that a country that makes full use of this
potential would see its [ ] multiplied by a factof 10 or more each year, obliging government
policymakers to come to terms with the consideralle fast changes in the production of riches and
resources.

Similarly, Bill Joy, one of the leading Americanmputer scientists, inventor of the Java program and
cofounder of Sun Microsystems, has evaluated thatcombination of ICT and physical use of
nanotechnologies would create in the'2&ntury a fortune worth a million billion dollarse. the
equivalent of 100 times the economy of the Unitedes in the world market.

The duality of nanotechnologies in the industriabtaconvergence poses the question of the
competitive advantage produced by the military fagdof civilian outlets. Other than the absolute

protection of scientific advances and prohibitiantbe publication of information that would be liab

to adversely affect national security, and targdesthnology transfers that this would permit, this

competitive advantage is coupled with a potentiglipong orientation of the purposes of research,
including their societal impact.

For example, in 2004 the DARPA had a budget of Mi&5for supporting nanomaterials, nanosciences
and associated technologies, with a strong emphasighe NBIC convergence. The LifeLog
programme of this agency, officially renamed sittuen for reasons of controversy in public opinion,
had the role of designing a new generation of dognsystems in the form of personal assistants.

3. The risks weighing on innovation and exchanges

Investment needs transparency, clearly identifidd games and confidence in the behaviour of its
actors for it to be conducted. Innovation and erges are certainly worthy of being encouraged by
government policies to ensure that nanotechnoldgikes off. It is therefore essential to identifyeth
limitations to investment in order to propose thestrappropriate public actions. Our task forcerahit
produce an exhaustive overview, however it car) wvaasonable insurance, put forward two pathways:
on one hand the unsuitability of the law, and aa dther hand the difficulty relating to patents amd
the protection of intellectual property rights.
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a) The need to change the regulatory framework

The market needs a stable and as predictable atblgoframework for lasting development, unless
highly speculative behaviours are to be favourdte Tonstraints in terms of safety and of industrial
risk prevention are expensive to comply with, esggdlcwhen they occur with the processes already in
place. It is more economic to design and instalétgasystems at the same time as the processes
themselves whenever possible. However, we collelgticome up against the problem of the non-
availability of the results of impact studies, twe absence of risk characterisation, on the diffioof
determining their nature, their adverse finandi@urance and legal implications, and on the flagra
deficit of adequate conceptualisation.

The practical, legal implications of nanotechnoésgare as yet completely unknown. The same is true,
but even more so, for those of industrial meta-eogence. Within the European Union, companies
must comply with the obligation to publish an animeport, with the presentation of the accounts and
estimates of the costs that would have to be mahéyompany if there was environmental damage
resulting from their activity.

Investors seek the avoidance of uncertainty. How yau interest the stock markets, or, before
flotation on the stock markets, the investmentisi-capital needed for applied research and for the
creation of startup companies? Groupings such éiardva Partners, CdC-PME or BioMérieux are
within their right to know with precision what gawvenent regulations will apply to the products for
which they hope to obtain a fair return on invesime

To do this it seems necessary to cooperate in Earo@mnd international plans to determine the
components of a regulatory framework that is likelygovern nanotechnology development and that
will gain the confidence of all, with monitoring qedures and sanctions to be determined in
consultation with all stakeholders. Although ovegulation has a negative effect on innovation, the
absence of regulation has direct adverse effecth@market. A balance must therefore be actively
sought and found, in a spirit of cooperation, ia general interest.
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b) The crucial question of standards and intell@ghoperty rights

Because of the importance of the potential margehed by nanotechnologies, the basis of appropriate
standards must be set up to ensure that the oagimmisesponsible for marketing in Europe can hénef
fully from this evolution as soon as the threshafiprofitability are reached. From the viewpoirit o
the establishment of standards, nanotechnologeswarnature considered to be cross-disciplinary,
encompassing and combining relevant sectors sudhesical, physical, biological and information
technologies.

In the framework of the European Committee for 8&adisation (CEN), the relevant fields identified
are the standardisation of basic metrology thatpstp nanotechnology, the determination of the
physical properties, the characterisation of stmas and biological properties and evaluationhat t
nanometre scale.

Terminology and classification are included amomg working orientations explored by WG 166, a
new European working group of the CEN on nanotelduies. This group has produced a
questionnaire for evaluating the interest expresseis subject among parties potentially involved
the process. However, until nanotechnologies amngly embedded in industrial practices, it is
unlikely that a European technical standardisatmmmittee will be able to steer and control thigkvo
based on private funding alone. Public financigbpsut for classification and standardisation will
therefore probably be needed to ensure that ny delzurs.

At the same time, reflecting an emerging conseasdsencouraged by the Federal Administration, the
American National Standards Institute (ANSI) Nawbt®logy Terminology Steering Panel held its
first meeting in September 2004 in the United Statecording to Dr Peter Hatto, UK observer at the
CEN, a fairly broad consensus has been obtainedptioposes going directly toward international
standardisation under the auspices of the ISO, avitAhmerican secretariat. The joint delegations the
intervened among a number of speakers so thaastt éestructure could be envisaged for a joint US-
UE secretariat, a position that was adoptedxtremisduring the meeting of the CEN working group
in early October 2004. This position will rely dmetso-called "Vienna agreements”, which will enable
ISO/CEN initiatives to be coordinated and manatjed
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The Association Francaise de NormalisatigAFNOR, French standards association) has played an
active role that should be encouraged by the Frgoelernment authorities, by establishing a panel of
bodies liable to contribute practically to drawing of standards, by stating its positions withie t
CEN, and sending out the first questionnaire sjetifnanotechnologié’ It did, however, encounter
difficulties relating to the both emerging and &-@lsciplinary nature of nanotechnologies, whiehdi

the interface between "standardisation territorieish well-established boundaries.

Despite these difficulties, all slowing down in tpeocess that is underway must be avoided, the
greatest risk being the uncoupling of the inteoval dimension, toward which the standardisation in
the field of nanotechnology has been heading fleeroutset.

AFNOR has also since March 2004 been steering thiepean and national working groups on risk
assessment (CEN WG 16®isk assessmentand the CNRISQUE, or national "risk assessment"
commission).

It is desirable that "industrial risk" dimensionmdnotechnologies be taken into account in oneavay
another by the standardisation authorities, antttier results be used without delay in internaaio
discussions. Other points of entry into this subgrea have been opened or are to be createdhhealt
and safety at work, orientation of INRS action pesgmes for the prevention of industrial accidents
and occupational diseases, of timstitut National de Recherche et de Secu(i®dERIS national
research and security institute) and thsitut de Veille SanitairgIFVS public health vigilance
institute)in particular, as from 2005).

Intellectual property rights are a source of remmatien for investments made in design and
innovation. Their protection is therefore a straogdition for the mobilisation of funding. In terrog
nanotechnologypatents are accepted by the national offices without aitetaclassification in place
that would allow observers to isolate what realBtongs to nanotechnology. The classification of
patents that have been submitted has been done wad#ional headings. Because of the growing
patent submissions incorporating nanotechnolodhes,USA decided in October 2004 to study the
definition of a new class of patents meeting thelwoed criteria of nanotechnology and innovation. A
similar EPO classification for Community patentsgld be envisaged without delay.
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The USPTO and EPO statistics show that the sdiemtifgin of nanotechnology patents is dispersed
throughout several sciences, none of which is daninThe three most important sources are
chemicals (21% of patents), the multidisciplinaategory, clearly reflecting convergence (16%) and
applied physics. Materials science accounts forof%atents. The major American groups such as
DuPont de Nemours, Dow Chemical, Procter and GasatdelBM all have a portfolio of patents that
they are perfecting. L'Oreal also has patentssirfiétid.

Whether or not something can be patented is anattuestion that has not yet been clearly stated i
the nanotechnology field and that of its meta-cogeece, in particular when living materials come
into play. Many legal questions, that follow onrfreethical considerations, will be raised as prosluct
come onto the market, if a regulatory framework mgkinvestments safe (a patent is applied for
hallmarks an investment) is not defined quicklyeTields situated at the interface of nano, nema a
information technologies could see their expansioddenly halted by a lack of transparency in the
game rules.

On the other hand, if patentability is implicitlifaved, without "limits", in the neurosciences tefor
example, it could block the development of medteahnology applications with a high social utility,
if there were to be a voluntary restriction of wseof price, such that an economic divide were to
occur.

In practice, companies specialising in patent pbdfmanagement have been set up to facilitate the
coming to market, especially in Switzerland. A spkdeature of structures that include nano-
manufacture is that they gather blocks of intellatproperty rights on the same physical suppostaA
result, special skills are needed in the legal mganeent of this collection of intellectual propetty
prevent legal disputes. Furthermore, sufficienaarghould be allowed in thgeenericpublic domain,
open to all those who wish, if entire areas of watmn are not be blocked to the detriment of wider
society.
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As a general rule, an area of dialogighould be created to allow scientists to clearlyress the new
possibilities or what is "within arms' reach” irethear future, including when they will requirevirio
tests as part of convergence, so as to allow indlists, economists, jurists, ethical experts, rhem

of parliament and government authorities to baitteterstand what it is about before expressing reithe
an opinion, a recommendation, a standard, a rexgyl&amework or a code of good practices.

As a conclusion of this second part, we will chie strong signal given by MEDEA+, to amplify it for
measuring the breadth of the industrial meta-caymee: starting from the finding that the European
success in the microelectronics sector is measartgtms of leadership acquired the fields of mebil
phone services, and services provided by chip anccards to make financial transactions secure,
MEDEA+ estimates that to maintaleadership the powerful existing European industrial basestmu
evolve from microelectronic to nanoelectronics. ,Baithough the results have been impressive, the
future of the (nano)electronics industry in Eurapdar from guaranteetf, which opens the question
of the responsibility of public and private play@rghe creation of a favourable context.
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PART 3: PERSPECTIVES AND SUBSIDIARITY OF NANOTECHNOLOGIES IN METACONVERGENCE : WHAT
PUBLIC POLICY ?

At this time, when public-private partnerships &eroming the norm, it is necessary to give some
thought to the principle of subsidiarity in publiesponsibilities before going on to the definitioh
government policy.

From regional economic development, where theitagit concerns about efficiency and land-use
planning are constantly trying to find a betterdmale, to government leaders acting on the worlgkesta
to industrialists, or simply representatives of csple interest groups acting as simple citizens,
nanotechnologies and their insertion in transfoiveatechnologies merit an exhaustive examination,
on the basis of the concept of subsidiarity.

In this part we have adopted an approach rangimm fihe local to global, by including information
currently available on November 2004. We will then deal in succession whin local, regional and
European levels, and finally the emerging inteoral dialogue, that is searching for the ideal heda

between cooperation and competition.

The section ends by a series of operational recardat®ns that wish to be in harmony with the levers
of government policy available in France for inditnal industrial intelligence.

1 The question of public responsibility

Being responsible can be defined as the fact cf@ow and submitting oneself to the possible aslver
consequences of ones' own actions. In contrasesponsibility, the "game" of "actors" could be
considered to be an activity "without seriousnefisdi does not bear any consequences, that does not
harm, directly or indirectly. In the case of nambieologies, the properties of "building blocks" atéi
largely unknown from the outset, and therefore ewsore so when combined, or disseminated
throughout their life cycle. The public awarenetthe "risk" factor is therefore absolutely essalniin

a context marked by an explicit demand for a monato on the basis of an argument inspired by that
of the opponents of GMOs.
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The societal and industrial challenges are muchirgmrtant for this question to be treated "as an
emergency"”, with the sole resources of what canatled "communications”, in a more or less panic
context after something has gone wrong. This megénhappen, but it still could possibly occur.

The procedure proposed in this report is new tcetttent that it proposdsasingthe social consensus
around public support for nanotechnologies on dicsenitly prior inclusive ethical thinking before
there is a massive arrival in the market places Tésads us to think about the role of the actorthén
process, knowing that very quickly, the ethical eimsion could bring into play a whole battery of
observation, intervention and communications tools.

Public responsibility is implicated in the drawing and maintenance of the social consensus and also
in protecting the general population and peopleanking situations from the scientific and induatri
risks. Experience has shown that in terms of magks (e.g. ionising radiation and asbestos whose
public health costs will amount to 1 billion euras2005), it is the State that is answerahbl¢he last
resort There is therefore a very great interest thatith#s, and therefore the responsibilities, should
be more precisely and more justly distributed as phoperties of nanoparticles or nanostructures
gradually become identified, characterised and nhediéor their industrial uses.

We will deal in succession with the observatiomadits to national and regional plans, the possible
choices in the field of the regulatory frameworkdafinally the application of the accountability
principle in public action relating to nanotechrmikes.

a. Observing and understanding at national andnagjievels

The aim of setting up of the programme of five majechnology centres specialising in
nanotechnologies will be continued, according tahoes currently being defined, by the regional
competitiveness centres decided by@uwnité Interministériel d’Aménagement du Territo{@IADT,
interministerial land use planning committee) irp@enber 2004, without us currently being able to
determine whether the logic behind territorial diwhs and excellence will work together or against
one another. It would be desirable if the criterioh critical size for European or even global
partnerships were considered to be the determfiaictgr in this dialectic.
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Up till now the technology centres in question hbeen awarded 140 M€ of funding over three years,
of which 100 from the ministry of research and &ihf the CNRS and CEA. They are situated at:

- Lille: IEMN — Université de Lille (fast micro andano optoelectronics, microsystems).
- Besancon: FEMTO ST (microsystems and microeleats)ni

- Paris-sud: IEF / LPN (nanophotonics, nanoelectaitd hanophysics).

- Toulouse: LAAS (power electronics, nano and micstasms).

- Grenoble: the Minatec centre for nanosciences,araad nanotechnology: eventually 4000
people, including 2000 research and teaching staff0 students, 1000 jobs in partner R&D
firms; situated in an industrial area 16 600 emiplgyl6 600 people including 3500 in
research. 30 multinational companies are preséus, 30 high-potential young enterprises.
The CEA, INP Grenoble and the Université JosephriEpare associated with the CNRS on
the site.

A foundation project supporting the future cancemtee at Toulouse could include a bio-
nanotechnology unit, as was announced by the Fremcte minister in April 2004.

The national research agency should strengthen ptii®@ic resources for action in favour of
nanotechnologies, and in particular the forgingetétions with the major technology centres andr the
European and international partners, which haven heeable to develop because of a shortage of
budgetary resources. Il is important that on theatton of this GIP, there is no budgetary break
imposed on the RMNT, whose field of application e@vmeta-convergenc?.

A factor of conflict between the managers of thesetres benefiting from public resources results
from the success of the formula: SMEs and startupsfperceive this to be rationing in terms of the

opportunities compared to the time which they n@éw: decision-makers responsible for the centres
estimate that they must reserve themselves 70%edirhe using the centres and that 50% of the time
for other involved parties would be the absolutéragafter which they give up.
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An observation tool has been created in Francéhemitiative of the CEA/Leti and the CNRS.

The aim of theObservatoire des micros et nanotechnologi®VINT, micro and nanotechnology
monitoring unit) is to detect weak signals that rhayald breakthroughs in technology. This toolrs a
example of a successful public-private partnersthipt has stayed within the limits of the precise
objectives defined at the outset. The success ®QMNT's annual conference demonstrates the
increasing interest from industrials, scientistd ather risk-capital-risk players in learning abdtug
scientific state of art, and its progress from gear to another. This is a light structure, a nekwaf

150 scientific and technical experts, that has detmated its efficacy. In 2003, the CNES, the DGA
and the Department Military Applications of the el Ministry of Defence brought together the
subscribing members of this network.

In the short term the OMNT plans to develop a tetbgy watch in four directions: energy
microsources, biotechnology, molecular electroracsl nanotechnologies. One dimension remains
unexplored from the viewpoint of public decisionkaes, this is societal, human sciences and social
monitoring applied to emerging technologies.

Another monitoring tool coming before the oriergatiof government policies is the industrial
association of microelectronics and microtechn@sgin France (JEMI), whose skills would be
usefully refined and completed by a knowledge efémerging industrial activities in nanotechnology.

The harmonisation of the monitoring tools usedhi@ member States of the European Union could be
usefully "pulled together" by a specific Europeangszamme, as a nanotechnology societal monitoring
unit and its insertion into transformative techmés, whose specifications would be defined in

function of the needs of the stakeholders, pubtid private decision makers, taking into account the
subsidiarity of the various players.
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b. Choosing "laissez-faire" or requlation

Although this choice is naturally constrained & given time by external European and international
regulations, it is not necessarily affected if gn#ticipation and mobilisation of players involve i
effective. There is always a margin for interprietain national and regional implementation.

The French public powers have solid regulations@dedures for controlling industrial risks (ebg.
SEVESO class establishments and actions of Divections Régionales de l'Industrie et de la
RecherchgDRIRE, regional Directorates for Industry,Resbaand the Environment). In the field of
preventing toxicological and ecotoxicological risksm synthetic nanoparticles, it is therefore mofe

a question of awareness and orienting action progres than creating new tools. The budgetary
allocations should be adjusted to emerging neetlrins of risk identification.

On the other hand, it is important that public posveccept and are aware of the consequences and the
uncertainties specific to nanotechnologiesd to the meta-risk caused by meta-convergenagstdo
and prudence are needed in the face of these pleeE@onwhere it would be best to build
communications that take account of this situatimrpetter ensure the cooperation of all the parties
involved; but a strict conceptual effort is alsoeded, that can overcome some of the over-
simplifications that are inherent in the "precanéoy principle”.

The future of nanotechnologies depends on the hatysociety will react to the anticipations thas ar
made on the subject. These anticipations themsdkesnd in turn on images and representations that
are broadcast, and these are already being addrestiee youngest members of society (see the model
that is suggested of tlededient ant®).

Laissez-faire is necessary up to the point of a@lgwthe freedom to conduct business, innovate and
experiment, but must at all times be accompaniedei wish to contribute to the construction of a
sufficiently positive, optimistic and credible in@@f nanotechnologies, by the proof that they merit
the confidence conceded at the outset. To do dhistask force is of the opinion, on the basishaf t
works of Alexei Grinbaum and J-P. DugSfiythat designing a radically new assessment metogyo
called ongoing normative assessment, by meanshadhweach new item of information on the
properties discovered at the nanometre scale shmulgsed to adapt the assessment and orient public
action, without delay. This idea is both originadafundamental: original because it is not entrdppe
by any scenario, it takes account at each stagesdiemtific and industrial realities, and sets up a
virtuous feedback loop for the service of the ggsthumber; fundamental because probably it camntain
the key to long-term informed confidence.
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Molecular manufacturing and the use of clusteratoims, are now possible and the debate between
Eric Drexler and Richard Smalley (Nobel Prize fdre@istry, discoverer of fullerenes) is now to some
extent behind us. In the face of potential risk®/egnment responsibility consists of ensuring that
dividing line between the laissez-faire and regatats defined in an enlightened way that can be
changed in time if need be. In the short term,etkisting regulations or those that are in the cowfs
being adopted must apply, included among which thee international treaties signed by France
(Carthagena Protocol) for bio-nanotechnology, dedftture Community REACH regulations, under
the reservation that they can be adapted to nam@neetmponents or nanostructures.

c. Applying the accountability principle

As it involves public money, the accountability mamiple must apply to activities supported by
taxpayers as from the first euro, as is stated henmotto of the FrenclCour des Compteshat
scrutinises public expenditure. In addition to btelgetary aspect, which has its own importance, the
accountability principle applies in different waigs civilian and military areas. Some public actions
can, because of the recognition of a mutual intetes conceived in partnership between the civilian
and military spheres.

However the identification of responsibilities, die degree of transparency and the means of
transmitting information between legislative, exiae and judiciary authorities raise such problems
that it tends to discourage these partnerships ¢ergcal trials conducted by the public and/otitary
health services), unless ad hoc contractual forendan be found (case of the Armed Forces
Nanotechnology Institute at MIT, which developed fgrogramme in collaboration with civilian
hospitals).

The accountability principle has also been usefuhe industrial and commercial spheres, if only to
avoid any phenomenon of consumer defiance, whdsealé manifestation is the call for a boycott.

The professional codes of good practice are infeggsmotivating approaches that are of use to all
parties involved. They tend to prove that thosdigaproviding the goods or services are doingrthei
utmost, within the competitive framework, to recibmeheir interests with those of public preferesice

(in particular health and safety and sustainableld@ment).
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They have the effect of increasing the quantitynédrmation accessible to the public, but the gyali
cannot be measured. They differ from scientific cien in the sense that they represent
communications tools. It is up to the courts togedif necessary, whether the communications aee tr
and to set the amount of damages. Sonia Millersipeat of the Converging technologies Bar
Association, New-York barrister, has published fiieowing: "As products incorporate more complex
and multidisciplinary technologies integrated aethanoscale, greater precautioasd proactive
measuigs must be incorporated before nanomatereser the market place and appear before the
court" .

Noting the recommendation of the European Commissigroceed toward a code of conduct in terms
of responsible development of nanotechnologies nesxertheless consider that, however useful and
desirable, it only constitutes one of the vectdrsaccountability, and is insufficient on its own to
clarify and partition responsibilities. It shouldetefore, when the time comes, be accompanied by
precise regulatory texts guaranteeing rigour, affjcand the means of control.

Observing, orienting, deciding, acting and assessaire the sequential acts in the same operational
chain. In a world context of research, manufactamd exchanges, it is essential to think of these
sequences globally and, if possible, to influerfoent in accordance with democratically expressed
collective preferences. Our relevant "homelandiaaceforth that of the European Union with twenty-

five member States.
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2 Inspiring the European Union's position with resgct to Community requlations

The Union's competition and commercial policiesngeilestined to remain instruments belonging to
the European Commission, with or without a congtihal treaty, questions should be asked as to what
forces we can bring to bear from France on the Conity institutions (mainly the Council, European
Parliament and the Commission). But to be in aatita of inspiring the European Union's positidn, i
would be preferable to talk with a single voicdlating if possible the national consensus.

a) Some prerequisites for a clear French posititim #espect to European institutions

We have seen that up to now, the French positisnbean formulated by the natural leader acting in
scientific fields, namely the minister of researcrhis situation, that was effective within the
framework of preparing the"sand ' RTDFP, could be less efficient as from 2005 foo teasons.
The first is because of the increasing number opfgehaving a word to say on nanotechnology within
the Commission, the Research DG is no longer the exatity to deal with this subject, because of
meta-convergence. The second reason is that |labestare no longer the sole organisations
concerned, many industries supplying goods andicgsyvthe insurance and risk-capital sector,
international trade and many fields of public act{particularly justice, industry, transport, defen
ecology and sustainable development, educatiortastdms and excise) are also involved.

A permanent interministerial coordinating team, reporting directly to the prime minister, capabf
supporting the development of nanotechnologiesyaneerging transformation economic sector and of
ensuring the quality of the interaction with aletbtakeholders is essential as of now. This fungtio
which remains to be created, should be able toaelanoperational reviewing body, in charge o

the actual implementation of government policy @&mnts of nanotechnologies, a recommendation
sketched out in the report of tReench Académie des scien@slAcadémie des technologies
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b) Obtaining consistency between government paityanotechnologies and other
major areas of public action in the European Union

From long-term prospective studies to assessntbate are many ways of interacting with and
influencing Community action. A series of more aate proposals could be formulated in this field by
the operational review body that we have identiibdve.
Among the important and predictable means of inm@iing nanotechnologies in existing trends, for
which a clear French attitude is desirable, wernantion:

- The participation in the orientation of the methaind the prospective horizontal or targeted sibjec
and the impact on the work programme of the Joagdarch Centre, JRC, almdtitut de Prospection
TechnologiqugIPTS, the Institute for Prospective Technologigtldies). This action is essential in
the construction of a consensus view, and theredaféciently positive anticipation to confirm the
willingness, or even the priority for action, eviéthe results will only be obtained over a longipd

of time.

- The participation in the drawing up of thB RTDFP inall the fields involved in nanotechnologies,
the first among which are information and commuitiices technologies (and not only of the Research
DG programme on nanosciences) and the assessmém oésults of the"8SRTDFP in a feedback
perspective. Special effort should be given tofiblel of technological convergence because thi$ wil
be a focal point of competitiveness in the futua#, going together with the definition of ethical
assessment criteria for projects.

- Participation in the European Commission's higitkimg groups in the field of the four converging
technologies (bio, info, nano, cogno) and the psapto create such groups when they do not efist, a
having as common thread for the future, meta-caqerae.
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- Participation in seminars specialising in thespective for 10 years time in all the sectors &atal
include nanomaterials in their manufacturing preessor in their products.

- The active support of the Community policy of ®&NCO DG SANCO for the creation of a network
of bodies responsible for toxicology and ecotoxagyl studies.

- The promotion of the ethical aspects of nanoteldgies within the STOA (European Parliament’s
Scientific and Technological Options Assessment)uni

- The promotion of European financial instrumemtdavour of startup businesses and SMEs in this
field.

Lastly, interest should be taken in the EuropeaioitJs international cooperation programmes in the
field of nanotechnology, in particular with the tbd States and China. A proactive French
participation in enhancing responsible internatiodelogue in the field of nanotechnology was
initiated in the first half of 2004. It is essentiaat this opportunity does not simply cease.

3 Taking part in responsible international dialogue

The initiative for a responsible international diglle came from the coordinator of the American NNI,
M.C. Rocé? It is based on the absolute need to be accoentalthe American legislature that the

precautionary principle is being applied in the eied public funding of nanosciences and

nanotechnologies. The intuition of Mr Roco, as fbyieexpressed during the Euronanoforum of

December 2003 at Trieste, was that it would bea@lddea to get the countries interested in working
on finding a shared code of conduct, allowing theassary confidence building for making investment
attractive (public and private), while avoidingroducing any binding provisions. This initiatived &

the start of the "Alexandria process".
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a) The nature and future of responsible internatidialogue

A first informal meeting was held at Alexandria (YAn 17 and 18 June 2004, at the invitation of the
NSF. There was a large attendance at this meetthgse aim was to express an interest for an
international dialogue on "responsible” nanotecbgpl(25 countries, plus the European Commission-
Research DG), which was varied both in terms ofggguhical distribution and level of development
(United States, Japan, Canada, Mexico, Brazil, Atiga, India, France, Germany, United Kingdom,
Netherlands, Austria, Belgium, Czech Republic, RoimaSwitzerland, Israel, Russia, South Korea,
Taiwan, Australia, New-Zealand and South Africa).

It provided a better awareness of the benefits andieties caused by the emergence of
nanotechnologies in the public at large. During ¢bacluding session, it was clearly established tha
the participants were agreed that there was the fogeghe international community to urgently spt u
an ongoing dialogue, cooperation and coordinatiothe field of nanosciences and nanotechnologies.
It was decided to agree on the terms of referenaedn informalpreparatory groupcould be given
and which would be responsible for establishingiases of an international dialogue and cooperation

It is clear that the nature of this group is not gefinitive. Several options are open at this stag
creating a driving force to carry through this @es: an independent scientific association or aro
belonging to an existing entity such as the ICSUoram within the OECD (but not all countries
belong to this organisation) or a United Nationskl BRorce—the options are open, since there are no
treaties that foresee a "natural” diplomatic devitehis emerging field. The ETC group, a non-
governmental organisation promoting biodiversityl dluman rights, is favourable to launching the
Alexandria process, referring to it as an imporfast ste3® in bringing governments to recognise the
global impacts of nanotechnologies. It has pronednitself in favour of an instrument that would
operate under the auspices of the United NatioersOBRCD representative at Alexandria, Mr Stefan
Michalowski (executive secretary, Global ScienceuRg said that an interesting precedent existed in
IPCC (Intergovernmental Panel on Climate Changedt tvas created by World Meteorological
Organisation and the United Nations EnvironmentagRamme.
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According to the conclusions of the Alexandria nregt this group should explore the various
possibilities of structuring the dialogue by acipmechanisms, a timetable, the most appropriate
institutional frameworks and the principles of tdialogue and cooperation, that could be accepged b
all countries and all continents. It should prepamroposed action plan for a continuous dialogue a
cooperation, and an joint declaration accompanigd lprocedure for their adoption. It was also
planned that other interested countries couldfoen25 participating countries.

The position upheld by the representatives of teenber States of the European Union (in particular
France and Germany) according to which in the &tinis dialogue should become as inclusive as
possible, in particular with respect to China, veamstantly upheld by the representatives of the
European Commission. This position was confirmedtiy conclusions of the Competitiveness
Council on 24 September 2004.

b) The need to define responsible internationdbdize and the continuation of the processes.

This meeting was reported on in detail by diploma&irrespondence on 23 June 2004. The French
representatives organised an interministerial imfition meeting at Parfé on 29 June 2004, at which
representatives of the CEA, tBecrétariat Général de la Défense Nation@&DN, general secretary
for national defence) and Ministry of Ecology anttainable development in particular participated.
The dossier was circulated widely to Benseil Général des Mind€GM, general council for mine
engineering), th€onseil Général des Technologies de I'Informatf@&GTIl, general council for IT),
the prime minister's cabinet office, tt&®ecrétariat Général du Comité Interministériel poles
questions de Coopération Economique Européd@@&Cl, general secretariat of the interministerial
committee for European economic cooperation affaile foreign ministry, the ministry for research
(cabinet and services), the ministry of industrgbjoet and th®irection Générale de I'Industrie des
Technologies de I'Information et des PostPsGITIP,general directorate for industry, infortien,
technologies and the postal office)), the economtielligence department of thdaut Fonctionnaire
de DéfensgHFD Defence High Official)/ /MINEFI and to the saitific services of the French
Embassy in Washington.

The most probable developments in the short teerttag setting up of an informal steering structure
for a first implementation task force, which Mr Rosuggests should come first without waiting fa th
"preparatory group”, which could take some timéoton.
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This first working group is provisionally calledetiinternational Working group on Databases, Norms
and methodologies for risk assessment in Nanotdohyib Its prospective joint chairmen are
American, (Environment Protection Agency), Japarn(€mincil for Science and Technology Policy),
French (member of th€onseil Géneral des Technologies de I'InformafG®TI, general council for
IT)) and Formosan (Advisor, Ministry of Educatiasr Nanotechnology).

The road map for this group has been drafted ctimgisf four points: the promotion of exchanges of
information, the harmonisation of the various trgnthe organisation of an annual meeting and the
identification of priorities for cooperation.

It remains to quickly define the means of implenaéinh for France, knowing that the interests to be
pursued have been clearly expressed by Franceese tterms: "The dialogue has started (see the
Alexandria conference). It is therefore a matteextending and continuing the dialogue with all the
countries involved in the process of developingatachnology (in particular with China, a notable
absentee at this conference" (SGCI 23 Septembet)208 it is a dialogue between countries, and
therefore of responsibilities and government peficit is desirable that the process be suppdyed
the French diplomatic services.
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CONCLUSION

At the end of this report, we wish to emphasize dhiginality of the line of approach that we have
chosen. It has a double comparative advantagehéostrategic orientation of government action in
favour of the development of nanotechnologies dmair industrial convergence with biotechnology,
information technology and the cognitive scien@eshat it proposes:

- basing a reasonable and sustainable social corsemswethics, in France, in terms of
nanotechnologies;

- orienting the responsible international dialogueahyactive contribution to the definition of
ongoing normative assessment tools that are efédgtiadapted to the growing reality of
industrial meta-convergence.

To do this, a strengthening and a coming into pbdythe public orientation and operational
implementation arrangements should be conductgdrinshort term, centered on nanotechnologies. A
means of continuation and support should be agtiselight in the action of the European Union, in
particular by funding a unit to monitor the societaplications of nanotechnologies, in a networkhwi
strengthened monitoring capacities in each memtate S

The task force's recommendations, most alreadgdstatthe report, are summarised below.

Centre de traduction Minéfi - Dossier n2392-05 - 1 2/01/2006 - Traduction pour le Conseil stratégique des technologies de I'information 60
http://www.csti.pm.gouv.fr




13 RECOMMENDATIONS FOR ACTION

e Rec. 1: Design and implement in the very short term a permaent interministerial
coordinating function, capable of supporting the convergence of highlysfarmative
technologies, starting with nanotechnologies.

e Rec. 2: Support AFNOR'sstandarisation effort within the framework of WG 166 of the
European for Standardisation Centre, includingiied for a joint EU/US secretariat at 1SO,
by inciting industry to participate in it.

e Rec. 3:Create aechnological networkfor nano-bio- info- cogno meta-convergence, as a
complement to nano-, micro- technologies networMKR'), French network on software
tehnology (RNTL), national telecommmunications matev (RNRT),), international
multimedia conference (RIAM), and (RNTS) nationaklih technology network (RNTS))
networks liable to favour, in particular, the Fremmroposals for the calls for tenders of the
7" RTDFP.

* Rec. 4:Support the recommendation of the European Comom'sshigh-level expert group
on the perspectives for the new technological W@NEW) aiming to create &uropean
societal monitoring unit for converging technologies.

e Rec. 5: Promotethe monitoring of nanotechnologies in Francein all their scientific,
technological and societal dimensions, by providiplic support for the adaptation and
institutionalisation of the functions fulfilled ijhe OMNT, and based on the results, build a
constructive dialogue between all stakeholders.

e Rec. 6: Mobilise the human and budgetary resources neddegrepare ongoing
normative assessment criteriafor the national and international community, foreit
presentation and implementation of the correspanaiethodology(relevant criteria for
peer-review.
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e Rec. 7:Start a research programme &w regulations and subsidiarity for converging
technologies including those applicable to international tratel customs problems.

e Rec. 8:Make young people aware of the value of multidisegry education and training
and improve the image of nanotechnology and emgr¢gichnologies in the secondary
school curricula by quickly updating teacher tmagiand educational materials in
technological subjects in secondary schools.

e Rec. 9:Mobilise the national institute for research andusity (INRS), thelnstitut National
de I'Environnement Industriel et des RisqU¥ERIS, the national institute of the industrial
environment and risks(INERIS), and INVS, the orgations responsible for health and
consumer protection in terms gireventing physical and social risks,starting by a
classification of products and a database.

e Rec. 10:Include in theole of the DRIRE the local monitoring of any facilities dealing with
nanoparticles and nanomaterials, while ensuringraction with the national and European
regulatory authorities.

« Rec. 11: Ensure that theComité consultatif national d'éthiqu€CCNE, national ethics
consultative counciljor life sciences has the necessary means follifudfiits mission with
respect to nanotechnologies and meta-convergemck fax participating in international
exchanges on these crucial aspects, in liaisorcedlyewith the national ethical committee
of the CNRS.

Rec. 12:Encourage major research organisations, startitig the CNRS and INSERM, in
creatingresearch platforms on the ethical and societal imptations of nanotechnologies
considered from the viewpoint of meta-convergence.
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« Rec. 13:Define anoperational review board responsible for implementing government
policy on nanotechnologies, as a continuation efftoposals sketched out in the report of
the FrenchAcadémie des Sciencasd theAcadémie des Technologies

Paris, 8 November 2004

Jean-Pierre DUPUY Francoise ROURE
General Mine Engineer Inspector General of Post
and Telecommunications
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