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Abstract: The technology transfer process between a piddticratory and a company
has been the subject of many publications and bas lvidely discussed in economic
theories. This article will highlight several newlentified asymmetries occurring
between the different actors being part of therteldgy transfer process. We will deal
mainly with the specificities related to this presein France, showcasing the
technology transfer arising from the domain of apexe and defense.

These specificities are in particular related ®¢haracteristics of the French SMEs and
public research laboratories. The analysis develdygdow is based on the recent
experience of one of the most dynamic TTO in Frarwits active involvement in
defining the Business Model for the future Techngl®gansfer Accelerator Structures
(SATT) planned by the French Government as onbefitajor tools of the “Grand
Emprunt”.
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INTRODUCTION

The technology transfer process between a pulidmrédory and a company has been the subject
of many publications and has been widely discuseeHconomic Theories (e.glournal of
Technology Transfér Here we will deal with the specificities relaterlthis process in France
and, in particular, in the field of technology tsér arising from the field of aerospace and
defense. These specificities are in particulartedldo the characteristics of SME and public
research laboratories. (CUT this: and the caseragit developed below expresses the point of
view of the authors, experts in the field.)

This article will be based mainly on the feedbaegarding the strategy implemented for the
development of an economically “healthy” relatioipstbetween ONERA @ffice National
d’Etudes et Recherches Aérospatialdational Office for Aerospace Studies and Redgamnd
the SMEs. The choice and definition of collaboratiools will be explained as well as the
analysis of the first results and the perspectaregsaged. We will see that, in the cooperative
process of innovation, these tools become infomnatasymmetry(Stiglitz, Weiss, 199p
reduction mechanisms or “compensation mechanissiurf, 2009) for other asymmetries
between the various players at a microeconomicl.léMeese newly identified asymmetries,
Institutional (regarding to the Veblen’s, 1914 theoriasymmetry, Technological asymmetry
and Risk asymmetryare often the barriers of the technology transfec@ss, being meanwhile
critical for the eventual high intensity of the owations. Higher the asymmetries, stronger
impacts on the intensity degree of innovations sspp that the different involved actors of the
innovation process succeeded in working togethbkis hvolves the useful implementation of
asymmetries reduction/compensation mechanismsibgdibe various actors.

Some of these mechanisms, more related to the kudg@l economy, could be adapted and
reshaped for other actors in the R&D and innovatdomain, and for evaluation or regulation
authorities of this domain. Their implementation tttese other players could induce an
amplification effect on innovation and its diredfeets (Lundvall, 1992; Freeman, 1987 or
Nelson, 19980on the economic growth at the macroeconomic levilimvthe framework of the
“national innovation system”.

1. CONTEXT, POSITIONING AND ROLE OF THE ACTORS OF | NNOVATION

A brief description of ONERA’s economic environmeasatnecessary to better understand the
reason for these tools and their operation, as alla brief reminder of the fundamental
principles of innovation and the role of technologgnsfer in this process. ONERA is a
scientific and technical public corporation withhmmercial and industrial characteristics (EPIC),
created by Law no. 46-895 on May 3rd 1946 and neliy decrees no. 63-385 and no. 84-30.
Its mission is defined as follows : “ ... to deyeland direct research in the aerospace field; to
design, develop and implement the necessary teahtuiols and benches for carrying out this
research; to ensure, in association with other R&@anizations, the circulation, at a national
and international level, of the results of thiseagh, to support their utilization by the aerogpac
industry and to possibly facilitate their applicatioutside the aerospace field”.

This quotation is important to the understandingQMERA's position in the TR chain
(Mankins, 1995), its role in technology transfedamore generally, its role in the innovation
generated on the basis of the technology thatstdne@ated. So the legal text gives a futurology
mission to ONERA *“...to develop and direct...”, naission as originator and owner of
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experimental resources, to circulate the results tanbe a discriminatory facilitator (for the
national and European industry) for the creationvalue “...to support utilization...” This
nuance is very important, particularly in the “ittggical opposition” between those who
prioritize the “publication” and those who prefeet‘patent”, because a premature disclosure, in
the form of articles or conferences, ensures theulation of knowledge but also facilitates
uncontrolled utilization of the results of reseatoy industry, including competitors of the
national or European industry.

It must also be noted that ONERA has to transferrd#sults of its research (in order to “...
support utilization...”) to the aerospace indusind also “... outside the aerospace field...”. Its
supervisory authority is the Head of French nafi@mmaments organization (DGA). The other
Institutions with which ONERA has a close relatioipsare the DGA¢ CNES, the ESA and

of course the European commission through contthetisare part of the PCRDIts strategic
customer-partners are the large French or Euromeamspace groups, such as Airbus,
Eurocopter, Astrium, Snecma, Thales, Dassault.riguts entire existence ONERA has devoted
most of its activities to studies directed by or fbis first circle of institutional or industrial
partners. The last consolidated figures show amua@noperational budget of 187 M€ of which
57 % come from R&D service contracts, with a mangoaf 2047 employees.

1.1. Specificities of the Aerospace and Defenseldie

This short description of ONERA’s economic envira@mhwould not be complete without an
analysis of the players from the point of view lod wtilization of its research results by industry.
So figure no. 1 presents a classification of theketasectors according to two parameters: the
time for launching a new technology on the mar&at the complexity of the products intended
for this market (Stephan, 2006The limitations of the innovation process contfop to the
successful bearing of a new product and/or sedcte market) by the carrier-creator of the
technology itself have been added here. It mustdmeitted that a SME has less material means
to establish, in a successful way, a new produwifse on the market than a large group. This
affirmation is even more evident for a start-uptipar.

The specificity of the aerospace and defense mamketerts itself very quickly because these
sectors, which are generally “complex systems”uirega lot of time for the development and
introduction of a new product on the market. Wdagothat, even large groups, beyond a certain
limit, need institutional support at the nationaVél, if not at the international level, to develop
new technologies.

* General directorate of Civil Aviation

® National Center for Space Studies

® European Space Agency

" Research and Development Frame Programme
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Figure no. 1 - Limitations of innovatioprocess control by the creator (or assimilator) of
technologyfor the various economic actors

So in what circumstances would ONERA be able tpard well to its futurology mission of
“developing and directing research” and its transfession “to support the utilization of its
results by the national industry” ?

According to their place within the upper limittbie diagram of figure no. 1, the large aerospace
sector and French and European defense groups stands designated partners for the
successful “bearing” of the new technologies sugggeand/or developed by ONERA. This is
particularly the case for the incremental or sgemd innovation of the large groups. This
“bearing” is however less obvious in the case @hielogical breakthroughs [see McCooe
quoted in(Golob, 2006)] and this even more the case in tvd akerospace sector where
technologies used onboard planes must be safe emtedttechnologies. For these aspects,
ONERA has developed and maintained, since its iorgagffective strategic partnerships with
the large national groups which have become, i tgreat majority, multinationals over recent
years. This partnership policy will not be the sabjof our analysis here.

The fundamental question raised during the devedmpnof the ONERA implementation
strategy is that of access to markets, for breaktyin technologies resulting from a specialized
research sector such as the aerospace sector.thi®moint of view, the preceding diagram,
presenting the limitations of the innovation prageslearly illustrates the fact that, to put a
“breakthrough technology” on the market, thus @vading the existing products and/or business
models, such as may be designed by a nationalcgkiter, the best vectors are the SME.

The technological demonstration resulting in arowation will not necessarily take place on the
aerospace market but in any of the market sectovghich the SME receiving the technology
can itself control the innovation process complefahtil the successful introduction of the new
product to the market). Some niche markets willalseessible, even in the aerospace sector
(green aviation, small scale drones, leisure,.e@mge the technology is demonstrated, there are
strong chances that the large aerospace groupsteitjrate this technology as a tested module
into the systems they are design{Mpuchnino, Sautel, 2007
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The strategic choice was taken at ONERA for theetigpment of a partnership relationship with
National and European SME. If no SME is identifift launching of a start-up partner could
be studied, subject to the economic outlook andjaate financial support.

1.2. ONERA-SME Relationship

Like any healthy partnership relationship, thetrefeship between ONERA and a SME must be
a winning relationship for both parties. Both pars must have strong positio€owan,
Jonard, Zimmermann, 2003) each one in its roléehabtheir collaboration generates significant
added value. So ONERA develops its best technabgolutions, possibly breakthrough
technologies, and the SME implements its produeceld@ment, industrialization and marketing
capabilities in order to reinforce its competitagvantage on its markets or to create new ones.
These complementary roles, based for one on atSonah instinct” and for the other on a
“predatory instinct”, opposable in the sense itegivby the theory of Veble(Veblen, 1899
generate significant asymmetries between the twing@as.

The figure number 2 presents the existing asymeeelretween the public R&D laboratories and
the SMEs in France by showcasing their respectiogjtipns on the TRL (Mankins, 1995)
levels. This figure was first presented and geheratcepted at the “Rendez Vous Carnot”,
Lyon, France, 2010 within the last Round Table daidid to the collaboration between Carnot
Institutes and the SMEs. We could note that theontgjof the public R&D laboratories in
France carry their activities at the levels TRLbagic research) and TRL 2 (applied research).
The 33 Carnot Institutes, being responsible fo0 WE research carried in partnership with the
industry, representing about a half of the yeanhddet of the French research carried in
partnership with the industry, are generally wailalved in the TRL 2 applied research. Very
few of the Carnot Institutes could carry their @sh up to the laboratory demonstration levels
(TRL 3 to 4). Exceptionally and limited to partiaulprograms, some of the Carnot Institutes
could bring their technology to the operationakis(TRL 6-7).

Besides these figures, the SMEs are currently ngnthieir business at TRL 9 (there are selling
products, services or components). Less then 10%hefFrench SMEs have Development
Offices able to integrate (or absorb) operatiormakqiypes (TRL 6-7) to structure production
chains and introduce on the market new productsl, Auwen less have R&D capacities able to
understand technologies available at Lab Demomstratevels (TRL 3-4). Thus, the
Technological Asymmetry existing between the PuBl&D and the SMEs becomes obvious. In
addition, is well known that between the same keagl equity gap is installed in some European
countries and the EIF and several public owned $gdDC in France) dedicate important
financing programs to compensate this Europeanifgpéamorcage” equity gap. This will
induce and important Risk Asymmetry between thdiP&&D and the SMEs.
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Figure No 2 — Evidence for Asymmetries betweeni®&&D laboratories and SMEs

These asymmetries must be reduced (for the infeemaasymmetry) or compensated
(technological capacities, financial and institoab risks) in order to support this new co-
development relationship between the parties, powvdrd in this analysis. The collaborative
tools will thus be reduction and/or compensationclma@isms of the existing asymmetries
between ONERA and its SME partners and will creat&hrust environment” between the two
actors.

Due to their small size (INSEE) but also to theistiural weaknesses of the innovation support
system set up by SMEs and/or start-up partnersande (Serfati, 2008; Levy, Jouyet, 2007)

French SMEs must have suitable support mechanipmsie or public) for the success of a

possible common development program with ONERAyroter to absorb new technology and to

make a success of its international commercialayepént.

Two different approaches were experienced by ther®s Technology Transfer Office. More
then % of the signed agreements were obtained hraud/larketPull approach and Y4 were
obtained in a Technology Push approach. The figuraber 3 is supporting our analysis on the
2 experienced approaches. Indeed, following andnsive advertising campaign based on
“Come to see us if you have a technology issue!ai¢ethe Mac Giver of the Science and you
will never be alone” slogan type, the majority oh&da’s SME partners came to see Onera
addressing their technology issues. They have ghyeaiready identified a business growing
opportunity while calling Onera’s TTO and they wéweking for missing competencies in their
company. We call this Market Pull approach. Thehhetogy Push is the one were the Onera’s
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TTO promotes a Onera’s newly developed technolagy fanally negotiate a license with an
interested SME (or a start-up).
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Figure No 3 — Risk curves related to the TechnoDgyelopment Investment Curve

Obviously, the Market Pull projects were, until ramays, successful in a higher ratio. We
proposed hereby our analysis for these resultspMitan the figure 3, in blue the risk curve for
the technology push approach and in red the onéhéomarket pull approach. We note for the
both a high risk level while investing in operatimechnology demonstration and mainly in the
Product/Service launching into the market. Nevdedse we are sure that the risk levels are
respectively lower in the Market Pull approach tivethe Technology Push. In fact, this lower
risk is induced at each stage by the fact thaBM& partner has already identified a market and
already posses a structured production chain (@etua supply chain). These considerations are
driving all along the technology collaborative dieyement process trough the TRL scale, all the
decisions related to the co-development processharddreduce the risks and costs. The Market
Pull approach seems also to accelerate the teawdkvelopment process.

We further adopted a hybridized strategy for Onehdle working with SMESs. Indeed if the
Market Pull approach seems to be less risky andhesobeneficial, even if it is producing
incremental and often radical innovations by chagghe domain for the adopted aerospace
technology, we do believe that a technology pudivigc will continue to be important for
eventually nurturing disruptive innovations in tlki@nera’s core business domain. Another
important reason in continuing to promote technylpgsh activities trough the Onera’s TTO is
the higher degree of motivation provided to the @isescientists while promoting their newly
developed technologies. This hybridised strategges the actors of the innovation system in a
cooperative network generating newly created vHilusugh technology transfer process.

2. THE ONERA-SME PARTNERSHIP STRATEGY

The ONERA-SME technology transfer process cannaratyzed without taking account of the
relationships of the two players with their ownergince frames, in terms of evaluation and
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sectorial/territorial regulations, in the sense Gfanovetter(Granovetter, 1985 These are
mechanisms that are external to the simple ONERA=3&lationship which must intervene and
accompany this dual relationship throughout thererollaborative project, and some of the
collaborative tools proposed take them into account

2.1. Development and description of collaborativeobls

Initially, an analysis of the role of each playaridg the innovation process is proposed and
even, in a more restrictive way, in the technoltgysfer phase (we are being reductive here,
and consider that ONERA will have little influenoa the launching of the new product
developed by the SME; in fact, this reduction netgléhe “power” of publicity represented by
the 700 annual participations of ONERA scientist$nternational Conferences, as well as the
capacity to bring into play synergies with largdustrial companies and institutions).

As mentioned above, the activity of the public R&boratories in France involves, structurally,
TRL levels lower than level 3-4, levels that copasd to the laboratory prototype (see the
previous figures). Few basic ideas conceived by mbsearchers arrive at this level of
technological maturity and even less cross lev&lt8-go on to levels 6-7, corresponding to the
demonstrator in operational conditions or a prodiihts is due to the fact that the development
of technological demonstrators, and this is even the case for products, is no longer part of the
mission given to public research in France.

If, generically, during the TRL 1 level (basic rasgh) and TRL 2 level (applied research), 1000
ideas to finish up numbering 100 (via the persdiltal of each researcher leading him or her to
retain only one idea for every ten that he or slag have) then from 100 to 10 (by discussions
with his or her “close” circle of colleagues) affishally, from 10 to 2 or 3 by debates with the
line management and/or decision committees, itlélinteresting to see how these 2 or 3 results
from various projects can cross level TRL 2 toveriat levels 3-4.

2.2. Asymmetries in the technology transfer relatio and the collaborative tools aiding their
reduction

We see that the research activities in TRL 1 ansl r2ally mostly the activity of the research
laboratories because few SME are able to condeat tlwn research at these low TRL levels.
Most innovating SME invest mainly in R&D activitieafter demonstrating technological
feasibility, because their ultimate mission is étl products successfully, with an economic logic
of seeking profits. So, what can be done with &aretogy that reaches a research laboratory at
level TRL 2? At this stage, a laboratory prototyg@ be shown to be feasible by simulation
and/or the existence of certain elementary compsnenth strong chances of success. Who
must now invest in the development of this protetgmd on which criteria should the decision
be based? It seems obvious that at this stagetiwedtory should consult the possible bearing
vectors on the market: large groups and SMEs.dftdthnology developed corresponds to a
strategic axis of development in a large grouptegnaturally the latter will be interested in the
appropriation of this technology or, at least, incampetitiveness comparison with other
solutions. The partnership process that would fdkee between the laboratory and this large
group is not the subject of this analysis.

The case that interests us is that in which antiegisSME is interested in this technology,
whatever its branch of industry. When no SME ogéagroup expresses interest in the use of the
new technology then there only remains the optidlawnching a start-up partner, in the case of
a “disruptive” technology with high developmentkssand market potential, to be confirmed by
market research; otherwise the development has &bandoned.
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2.2.1. Technological asymmetry and risk asymmetry

On the two assumptions, both for a SME and foraat-sip partner, the problem of maturing
technology up to the TRL % level is still the saevill be very difficult to get the SME or the
start-up partner to finance this maturation. Alisths related to the structural problem of
financing developments in France but also to tk tf leading edge scientific skills within the
SME, allowing dialog with researchers and the appation of technology under the TRL 3-4.
An asymmetry of technological capacity is revealeste and an asymmetry of the risk
(financial) between the two participants: the peibbésearch laboratory and the small company.
Indeed, 95% of French SME are small companies lggb than 50 employe¢BNSEE). The
development and demonstration of a new technologged on emerging technology from
aerospace research costs at least around a nilliors (according to our own experience in the
relationships with our SME partners), without congtthe launching and development costs of
the product line. However, most of the innovati@sistance available in France is limited to
50% of the global amount (see Oseo and refundataree). This means that a SME that
undertakes the development of a new product feeakbhrough innovation, must assume half of
the costs itself. For a SME with twenty people, 3@ may represent 25% of its annual wage
bill.

Here, a significant risk asymmetry is to be notedween the SME and ONERA because
possible failure could mean a cessation of aatisifor the SME. The same amount represents
the cost of four ONERA researchers. Also, the faianrisk exists and is not negligible,
especially in the EPIC culture, where we will seel that the scientists involved in the
technology transfer relationship are very littleaagv of the risk for ONERA compared to the
degree of the risk assumed by the SME. Other asitf®erfati, 2008) had also stressed the
importance of social relationships (including ctddurelationships) in the innovation process.
This difference in mentality was identified withoainy ambiguity in the collaborations
undertaken by ONERA with various SME.

2.2.2.The shared risk devel opment contract

A mechanism to try to solve this technological mation and asymmetry problem has been
developed at ONERA: thahared risk development contracthis type of contract was
developed and signed, for the first time in Fraregyween an Epic and a business firm. For this
phase of technology maturation ranging between ZRind TRL %, the risk is still too great to
be borne entirely by an SME as long as the teclgndbproof, at least in the laboratory, as well
as a complete comprehension of the technology, hatéeen achieved. It seemed right to us
that ONERA, as a creator of technology, shouldlide & join future industrial and commercial
owners in order to reduce the risks, and shareptissible future benefits. The partnership is
based on a technical and economic analysis of warghases of the development and on a
Business Plamletailing the market prospects and investmentmstan the new product. Based
on this, ONERA can decide to assume part or athefcosts, within the framework of the co-
development, the refunding of which, with profitasimg on business success, will take place or
not, depending on the prospects for the use gbheuct.

The negotiation of the percentage allocated onsidies, to cover ONERA'’s costs and its
exposure to risk, is conducted according to catatiowing the development of the company but
also bearing in mind the fact that ONERA must haveositive return on all the operations of
this kind. Thus, this contract is not a sort o€lise, or a subsidy. The principles on which this
contract is based are those of a service proviggdNMERA on the basis of a determinable (and
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undetermined) price with payments deferred in tinegotiated between the parties, on the basis
of later sales and for a length of time agreed ugpart of the same negotiation.

This type of contract proves a very good tool, datancial but also technical, for collaboration
with co-design in mind, for the development of avnproduct, a logic equivalent to that
described by Cowa(Cowan, 2008 This tool means two parties can together crogbimthe
meaning of Aoki’s theoryAoki, 2000, based on Nash equilibrium (Nash, 1950), a possible
financial and technological comprehension barhet thay induce blocking.

In addition to compensating for risk and technatagasymmetries between the two parties, this
contract has also subsequently proved to be a tpmbddor reducing the information asymmetry
(transactional)(Stiglitz, Weiss, 1992; Akerlof, 1970between the start-up partner and its
investors. Indeed, at the time of the phasedag“diligencesbetween the creators of the start-up
partners and the Business Angels, shared risk development contrasigned with ONERA,
yields paramount information both on the product tre target market, and on the technological
developments and their costs. This last year, dERA three contracts of this type were signed
with various commercial companies and four otheesia advanced negotiations. Two of these
companies have succeeded in raising funds fronstove

2.2.3. Institutional asymmetry(mentality and behavior)

The shared risk development contrasta collaborative tool that compensates for tetdgioal

and risk asymmetries. In an indirect way, this tatdo compensates for a very important
asymmetry in the relation between the transmittet the receiver in the process of technology
transfer, institutional asymmetry, a term introdiideere analogously with the terminology of
institutional economy, within the meaning of “thdwig@nd action practices” by Veblen (Veblen,
1899) of “shared mental models” and “belief struetuthat intervene as formal and abstract
constraints to structure human interactions” bytNd@North, 1994). This asymmetry has been
thoroughly analyzed because it can sometimes indooee significant blocking in a dual
relationship: cultural blocking. The institutionabrd must be understood as a sum of the rules,
but also in its abstract aspect, as a sum of Belipfejudices, instincts and behaviors:
“Institutions are dominant thought and action ps” (Veblen, 1899). All these elements are
generated historically, according to the way inahhihe actions are carried out and are assessed
but more especially through received education.

Historically, applied research in France is reallyte concentrated in national research centers
specialized in a particular field (IFP, CEA, ONERIWArets, Inra, Inria, etc.). The universities
have generally not been perceived as possible iayeapplied R & D. The proof is that before
the Allegre Law in 1999, very few universities immRce had a research result utilization service,
and these, before the Pecresse Law in 2007, dichancg a complete autonomy which would
allow them, among other things, to have a closatimiship with the economic world. The
Summary report of assessment of the universitiéseoivaveB (AERES) made an observation
which makes an allusion to this: “... Socio-econommilieus.... their influence on the policies
and strategies of the establishments are genevadlgk, because of their lower level of
involvement in the councils of the establishments”.

The utilization activity developed since the Alleglaw seem to itself be directed toward
research contractualisation and expertise senhbceshardly at all in the field of technology
transfer. The following can be read in the samentepUtilization - this is a declared objective
in all establishment strategies. Management strest(service, SAIE, subsidiary companies,

8 Industrial and Commercial Business Services

12



direction, etc.) exist in the majority of theser, iiedustrial contracts and service performance. On
the other hand, the management of patents andséseand, generally, of intellectual property,
financially costly and requiring specialized skills accessible to these establishments with great
difficulty. A really effective utilization policy wuld require the creation of consortia within a
regional or even national framework to reach thigcat size necessary for effectiveness.”

Leaving, in passing, to the reader the appreciaifdhe desirable ways of improvement, as they
are recommended in this quotation, we should mentlat, nowhere in this report is a
mechanism suggested for listening to the needddeelopment being expressed by the markets.
In the Guide of the expert - Wav@ of May 2008 of the same Agency (AERES) we can find
positive developments going in the direction, imtg of the evaluation criteria, of taking into
account activities around the utilization of resbawithin the organizations being assessed. It is
explicitly requested that the number of patents,thmber of declarations of inventions, the cost
of the patents, as well as the revenue generatdldese all be taken into account but, above all,
the number of licenses. However, other fundamemdicators are lacking for a complete
measurement of utilization activity, such as theereie from possible capital shares held in the
companies profiting from technology transfer, threletion of the value of these companies, or
the number of jobs created on the basis of thedetdogies. This, coupled with consideration
of the criterion on the patentable technology desacactivity within the establishment, but not
of a criterion on the capacity of listening to tharket needs, or the capacity to carry out market
research, will generate a culturetethnology pusimstead of anarket driverculture, generally
recognized as a better generator of innovation.

Thus, the economic culture of the researchersilsthuoughout their career by indicators on the
basis of which they are assessed. The most impoirtdicator being recognition by peers,
gained mainly through publications by the researameeading panel reviews. However, while
publication circulates research results efficientiythout an adequate preliminary control it is
contrary to the utilization mission of national usdry and likely to reveal unprotected know-
how.

In this same guide, the number of A and A+ typelighbrs is an important criterion in assessing
establishments. The identification criteria of #eaithors include international patent deposits
but do not stress those that were granted a licéise, protection of the results is confused with

the their utilization and as a result it is likehat a great number of patents of no importance
may be obtained because they do not contain atgrion bearing on their economic impact. It

would undoubtedly be necessary to optimize theewsge weights of a license, the incomes

obtained with the latter, the patent and the palbo.

There is a legitimate question to be asked herenwdioes a license generating significant
income have the same weight (or even a greaterhijeligan an article published Mature?
There is indeed no antagonism between a patenthanglublication of results from their source,
only a priority on the submitting of the patentiasbe respected. Our colleagues in the Anglo-
Saxon world have shown that publicationNa&tureare not in contradiction with very profitable
licenses. If a license counted for three traditigpatents or nine publications ... could this
induce a change of mentality within the public sssb community? Moreover, this mentality is
the subject of an unambiguous analysis in this segpert concerning the governorship of
research establishments: “in multiple-field esstiolents, faculty-centered organization remains
very vigorous. In certain recent universities, st an acknowledged will. The evolution of
mentalities and practices is thus very slow...”".

The recent “Carnot Label” awarded to research éshabents with partner research activities
with industry (Carnot Law), has made it possibleet@aluate the co-operation between industry
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and public research in France. Thus, the 33 Cdnstitutes, accounting for only 12% of the
French public R & D manpower, generate nearly 5@%he research contracts with industry, for
a total budget of 450 M€, representing merely I/8eir annual consolidated budget. The share
of this budget with the SME is however insignifitaBo how could a researcher be convinced
that the utilization of research results is a nadeect of his or her activity? This mentality,
based rather on the “craftsman instinct” within thmeaning of Veblen, induces a strong
asymmetry in the relationship between a researahdra SME director, who will rather act
according to a “predator instinct” (Veblen, 1914 the “cultural” point of view, during their
interaction for a technology transfer. This asynmnehay be strong at the beginning of the
relationship, and can be compensated for gradifadlyavorable environment is created helping
the relationship to evolve from a transactionatrfeavork to that of co-operation.

Now that this institutional asymmetry concept haserb introduced, we can see that the
technological capacity asymmetry triggers collaborabetween both participants and that the
compensation of information and institutional asyetmes is the facilitator because, at the
beginning of their relationship, both parties faceblems arising at the same time from the lack
of technical information but also from the capacdityimplement these once they are available
(for example, it is not enough to read a pateet@ble to manufacture a new product).

2.2.4.5pin-off Charter of a researcher within aSME

The shared risk development contrastone of the mechanisms allowing the compensaifon
institutional, technological and financial risk aayetries, during the first phases of technology
transfer. To allow later developments, up to theketng of products, ONERA has adapted its
Spin-off Charteras another collaboration tool, in order to supplog integration of researchers
into the SME, when a technology transfer towar@sSME takes place.

This evolution results from the acknowledgmenthaf tailure of the spin-off policy of the public
research establishments, whether in France or kb&ewin Europe. The great scarcity of
researcher spin-offs is a logical consequenceehttural differences in skills necessary in the
enterprise world and that of research. Succedsarciteation of a company depends not only on
the quality of technology, but particularly on teosf the management team, and on financial
and operational resources, in order to control etarg, commercial, financial, industrial and
productive components, making it possible to mamea limited period of time, from a good
technology to a business success. The goal oCtiater revision, toward integration of the
researcher wishing to “spin-off” into an existingusture, is thus to support the meeting, within
a pre-existent framework, that of the SME, of thesmponents of success so as to reduce the
risks, both for the researcher, and the SME, an&RA as well.

The departure of the researcher to the SME wislingccommodate him or her, with the
transfer of a technology in which he or she is qpeet, takes place under conditions that are at
the same time safe and inciting; in particular, treditional conditions: the possibility of
returning to ONERA during the first three yearsiaficial aid, and the financing of training to
reinforce the necessary skills for his or her nexasion.

The main point is however the condition of opertimg SME capital to the researcher in order to
position him or her as an “entrepreneur” on theeséewel as his or her new partners (at least 5%
for a small company; flexible for an average sizednpany). This makes a development in
“cultural” positioning possible for the spin-offsearcher, and a clear confirmation of the interest
of the receiving SME for the new business that rdksearcher will contribute to develop and
manage within the SME.
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2.2.5. ONERA-SME technology Charter

In order to give a more general framework to thetations, to gather the collaborative tools, to
define the principles of the expected collaboratiatth the SME, and to ensure this collaboration
policy can be maintained for the foreseeable futMdERA made the strategic choice of setting
up anONERA-SME partner technology Chart&ihis Charteritself had to go beyond the simple
problems of technology transfer and explore alldbkaboration possibilities between ONERA
and the small business world. It represents a nerghgement of the two parties, based on the
principles and methods of collaboration and thei@slgoverning them. It also means the two
parties wishing to collaborate can be on activechjateciprocally validating their collaboration
potential, and be able to start a collaborativggutoat the earliest opportunity. THharter is
fully positioned as an institutional collaboratiwl, within the meaning of Aoki’s theory (Aoki,
2000. The two participants do more than give themselnes means by which to develop
together because they are both on active techmalbgvatch in their respective markets,
identifying opportunities for joint projects. Itlres on simple and tested principles « win - win »
and « give - give » summarized below.

Benefits for each participant:

a) Technology ® benefits and opportunities for an SME

This partnership makes it possible for them to haaaess to R&D contracts in partnership with
ONERA, to scientific expertise in the entire cigihd defense aerospace field and to technology
by means of licenses, simulation, calculation,itigstools, simulation tools or software rdhs
and technological watch.

It reinforces their competitive advantages wittie framework of R&D contracts by proposing
solutions comprising a stronger scientific addetuerahanks to the contribution of ONERA,
both by becoming integrated into experimental mtsj@nd technological demonstration, and by
allowing more competitive services with an optingizvision of the types of services provided
by ONERA and the SME.

It gives access to markets and customers that warildifficult for an SME to reach alone, the
latter, now having the benefit of the “ONERA Partrabel to present to large institutional and
industrial accounts.

The SME can also profit from the outcome of develepts on contracts with ONERA for the
development and commercial use of new productssomarkets.

b) Benefits and opportunities for ONERA

This partnership reinforces the competitive advgesaof ONERA within the framework of
R&D contracts, and this in various ways:

- by offering more cost competitive services withagtimized division of the types of service
provided by ONERA and the SME;

- by proposing more flexible and more directly opiersdl solutions;

- by allowing a greater reactivity, in particular toriginal” and “changing” requests, within
the framework of prototypes and experimental pitsjec

- by better controlling the costs and times of th@dpction tasks necessary for the projects.
The partnership offers access to customers/ends usetr directly accessible by ONERA,
supports mutual enrichment and emulation betweertdms of ONERA and the SME, allows
ONERA to be proactive and play a driving role ie thdustrial world and offers more dynamic
potential outlets for the utilization of the resgarresults and, in particular, ONERA’s
technology transfers.

® for SMEs involving themselves also in the develept of technologies in addition to their use
1% aunching of the computations on the ONERA supenuters
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Types of partnership

Several partnership modes can be implemented tg oat this project, such as partnerships in
R&D contracts, the expertise and use of ONERA meahared risk development contracts,
technology transfer/utilization of ONERA know-howhis going as far as the detachment of
researchers and/or their spin-off to the SME.

Profile of targeted SMEs

The desirable profile fotrargeted SMEsmust allow a fast self-identification by the SME it
own capacity to enter into a partnership frameweitk ONERA by :

- having a production activity or technology service;

- being working in a field that can benefit from thecome of ONERA research;

- devoting - or to have for objective to devote Jeaist 8% of its AC to R&D (this minimum
being able to be modulated according to the sizaetompany)

- having a financial viability;

- satisfying the SME criteria of the European Union;

- adhering to the values of t@NERA-SME Charter

The “values”

This Charter is primarily a moral engagement between the pgrtiesting in particular on a
common vision of the partnership “business” rules:

- innovation based on scientific and technical #dgoee scientific and technical excellence is
one of the basic elements identified by the SMEtHer development of its innovating products
and services. This excellence is based on an alt&&D policy at the SME, as well as on
external contributions, among others, those of ONER

- a quest for performancehe concretization and perpetuation of successgaaranteed by a
permanent search, by the SME, for economic perfoo@awithin the framework of the
development and marketing of its products and sesvj

- constructive competition and fair-playn the event of competition between SMEs on
contractual or utilization activities, this will nproceed on the basis of technical and economic
criteria, seeking performance and in a spirit of-fday between them, respecting the customer
and/or ONERA. In particular, it would be a casdarbidding higher technical or economic bids
likely to lead to an unidentified risk for the coster and/or ONERA. In the event of competition
with ONERA, the rules of free competition applyyrexiprocal tendering procedure could be
considered to study a possible cooperative venture;

- independencesach SME preserves its independence; the netmaykbe mobilized in defense
of shared interests, but — barring exceptions noahe used to support a private interest;

- commercial ethicsthe operation of the project shall be accordimgecognized commercial
rules of ethics, in particular to exclude any prévanterest situation between ONERA and SME
researchers that may generate specific conflicts.

2.2.6. Results

To date, 87 SME have signed tB&lERA-SME Charteand more than 40 licensing agreements,
know-how communication agreementssbared riskdevelopment contractse currently on the
run, with various industrial partners in variousldis. Of these, 28 were signed over the past four
years, corresponding to the new development polidyile the remainder (12) represent the
historical “heritage” of the old ONERA developmeaticy.

Following the successful implementation of the remlaborative tools during this period, the

number of collaboration agreements signed went fmomto more than ten agreements per year.
The number of spin-offs went from one spin-off gvBve years to one spin-off on average per
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year. Fifteen new proposals for common R&D congamiso came to light during this last
period.

The table below presents a selection of the pastiygs with SMES, this selection having been
made on the basis of their diversity.

Partner Application Type of collaboration
Leosphere Wind lidar License, common R&D and
spin-off contract
Oktal-SE Electromagnetic environmeroftware licenses and
simulation common R&D contracts.
Phasics Laser interferometer License and ONERA -post
graduate student recruiting
Protip Biomedical prosthesis containingicense and shared risk
porous Titanium development contract
Ixsea Inertial navigation License
Sirehna Drones and gliders Common R&D contract jand
software license in fluids
Satimo Medical imagery Common development
contract and license
Isitek Medical supervision in residence Licensesensors
Microcertec US machining of ceramics License
Fogale-nanotech| Capacitive sensors License
Andheo Fluid mechanics and energetics Software ndee and
common R&D contracts
Sofratest Flow measuring License
C3EM Fissure monitor and experimental datacense, common R&D
acquisition station in wind tunnels contracts
Secapem Real-time shot acquisition ami& D contract and software
validation system license considered
Mapaero Pressure-sensitive paint Know-how commtinita
agreement
Michalex Micro-indentation at very highLicense and shared risk
temperatures development contract
ACV Aeroservice| Quiet green aircraft R & D contrautd shared
risk development contract
envisaged
Nheolis New type of wind power station Shared risk development
contract
Keopsys Laser License

2.3. The point of view of the SME — Changes and Psgectives

A first experience feedback is available right neith the results of an investigation made at the
SME partners. A questionnaire concerning ONERA-SdéHaboration was addressed to them,
and 42 of the 68 SME partners, at that time, anstvigr Of these 42 SME, more than 80% have
become partners of ONERA, over the last four yeHEngs questionnaire thus made it possible to
confirm the first concrete results, in particulbe tcreation of 170 jobs, at these 42 SME that
answered the questionnaire, since the beginninthaf relationship with ONERA. Among

these, 104 jobs can be ascribed directly to the aetivities developed by SME based on
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ONERA technology. The amount of funds raised bypghgner SME amounts, to date, to more
than 20 M€.

One of the particularly important questions witlgasd to the confirmation of the role of
collaborative tools in the reduction of informati@symmetry between the SME and other
economic participants, that is “To what extent aar relationship with ONERA influenced
your development?”, revealed that half of those @hewered confirmed having an image or
credibility benefit thanks to the partnership.

With regard to the development of the relationskifh ONERA, half of those who answered
would like to reinforce their direct relationshiptivONERA researchers (either in the form of
direct expertise, or within the framework of a spihof the researcher into their team). Half of
those who answered also wish to be better inforafbedit developments in hand and the strategy
of ONERA. The two indicators show a will and need €éompensation of the technological
asymmetry and reduction of the information asymyn#tat still exist between the SMEs and
ONERA.

The answers to this questionnaire, and the knowl@dghe operating rules of ONERA have led
to proposals for new mechanisms, mostly within ORE®Rhich could compensate for a number
of the asymmetries between the SMEs and the Odfre@ more.

Thus, a need for the following was identified:

- development of a specific strategy whereby sdvBME partners develop together,
with ONERA, technological demonstrators of the teys’ type; the consortium thus constituted
no longer adopting a management characteristic sécuential type innovation process but a
horizontal management (Rothwell, 1992) more sugtdbl multiple-field and multifunctional
teams;

- the development of @ME partner skill catalogueo be distributed within ONERA to
the research teams;

- the periodic organization of a joint event betwéNERA and the SME, to which other
participants such as customers will be invited, #n@dvarious innovation assistance structures;

- the creation of a network of experts, with adgquraining, to provide a single interface
with the SME;

- the possibility of conducting market research;

- the development of joint ONERA-SME laboratoriesmaturing technologies.

2.3.1. The common technological maturinglaboratory as a collaboration tool for
asymmetry reduction

In addition to other collaborative tools, it seeappropriate, in the case of complex projects
requiring a technological maturation between TRan2l TRL %4, for it to be possible for this to

take place in the public laboratory’s own matunatiab, a joint arrangement for which future

technological developments are managed coopenativigh the SME partners. This laboratory

would accommodate mixed teams composed of SMEtéot-$p) employees and researchers.
The personnel costs would have to be borne by gati for its own staff. Mechanisms external
to the SME-ONERA relationship, making it possibte@nsure up to 80% of the wages of a
professor (or researcher) recruited by a SME, eg#ntly, at Oséo.

The question of the financing of this Common tedbgical maturation laboratory could also be
resolved by making use of the additional Carnottrdoutions (Carnot Law) that the Institutes
that are members of the Carnot Institute Assoaiatieceive to boost their scientific and
technological resources within the framework ofitlpartnership policy. This is because one of
the goals of the Carnot label is, amongst othersupport technology transfers. It remains a fact
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that no technological maturation should be donenaut preliminary market research, with
product/market cross-referencing as a obligatorghounlogy.

The Common technological maturation laboratory ai#lo function as a new collaborative tool
facilitating the compensation and reduction of tembgical asymmetry (in its institutional
aspect and its aspect of lack of information) betw¢he two participants in the technology
transfer but also compensation of the risk asymynetr

CONCLUSION

The first results show a series of developmentessms for innovative products/services based
on technologies created by ONERA, and this in wagied sectors, going from biomedical
prostheses to the wind power market. As for anynfof transaction, in a technology transfer
process, the parties involved are in an informasisymmetry situation. The new SME policy at
ONERA has highlighted other forms of asymmetriearahbterizing the technology transfer and
partnership research between a public researchnigegeon and an SME in France:
technological capacity asymmetries, institutiorsirametry and that of financial risk.

The collaborative tools deployed at ONERA withire tiramework of its new development
policy, theshared risk development contrattie ONERA-SME Charteand theSpin-offCharter
are mechanisms designed and implemented to enswarereduction of the information
asymmetry and the compensation of other asymmdigaseen ONERA and its partners. The
common technological maturation Laboratory is aaofiroposal for a collaborative tool similar
to the tools already in place.

The relationship established between ONERA andME & perceived more as a cooperative
relationship for a co-development rather than asngple study service (transactional). This
relationship imposes the compensation of finantskl and technological capacity asymmetries,
institutional (mentality) asymmetries and the rdauc of information asymmetry between the
two parties. Attention is thus drawn to the impnd& of the “issues of confidence and interest”
(Cowan et al, 2003) in a technology transfer reteghip with regard to the questions of
opportunity and uncertainties in a product/sensaées relationship (in the Ford sense). Each
partner must, to some extent, learn and understanaulture of the other, without losing its
own, in order to better understand and, in a mereegal way, to do what is necessary in order to
balance the various asymmetries. Moreover, @ERA-SMECharter and theshared risk
development contragthave also proven to be very effective tools ertduction of information
asymmetries between the SME (or the start-up paitr@nd other socio-economic players
(investors, competitiveness centers, etc.).

This research work brings a contribution to thegl8's “information asymmetry theory” by

acknowledging the need of reducing or compensatiffgrent asymmetries while carrying a
cooperative process like the technology transfachkvis impacting all the levels: direct impact
on the actors (micro) on regulators (regions amtbse —meso) and on economic model (macro).

1 - Impacts at the micro-economic level

At ONERA, the cultural change taking place amornfgstresearchers involved in a relationship
with an SME can be noted. Also, their contractiaility is reinforced by a better awareness of
what is at stake that the successful transferef kmow-how to the SME represents. They adopt
the “predatory instinct” (Veblen, 1914) of an epieneur, interested in transfer opportunities for
their technology outside the aerospace field. Timplemented tools operate as relational
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facilitators in the relationship between ONERA d@hd SME but also in the internal relationship
with ONERA between the scientists and the suppuouttires for utilization.

The success of the operation of collaborative tocbBnges the internal operation rules specific
to ONERA and allows the proposal of new internalchamisms, such as the creation of a
Network of experts as a single ONERA interface viita SMEs, and the future possibility of
carrying out Market Research. The purpose of timesehanisms will be to further increase the
effectiveness of the partner relationship with ShaE.

2 - Impacts at the meso-economic level

The first successes, with the signature of @¢ERA-SMECharter by more than 70 SMEs,
prove and bring recognition of the significant rdleat ONERA can play as a source of
innovations and also as a catalyst for a clustekidis and multi-sector innovations. This is valid
for all the regions where ONERA is representedsTtiservation confirms that of other authors
(Etzkowitz, 1999; Florida, Cohen, 1999])

ONERA's change of strategy in the choice of itstooeers, because of its opening to the world
of the SME, has had an effect on the diffusiont®technologies beyond the aerospace field and
especially on its positioning in other market sectas well as in its relationship with its
customer. Having a study service relationship waitlarge industrial group, ONERA has now
also given itself the opportunity of having a corelepment relationship with the SME partners.
The intervention of ONERA in multi-sector innovat® on the basis of its research results in the
aerospace field, puts the Office in competitionhwither traditional suppliers of research, in
each of their specific fields. This has an impawctthe “forms of competition” (costs, quality,
speed of development) and ONERA could thus finelfiitg an advantageous position due to its
multidisciplinary skills.

The new form of “multi-sector innovation” competiti, induced by the new ONERA-SME
policy, could prove to be important from the pooftview of access to public funds. Thus
ONERA, in partnership with a suitable cluster of ENpartners, is able to bid for public
programs to build technological demonstrators.dme of these programs, this could generate a
fair-play competition with its own strategic pants@mong the large aerospace industry groups.
ONERA'’s new policy of development with SMEs offersolution to the problem encountered
in a general way by clusters of companies, of trapetitiveness center type, that are based on
the effects of agglomeration and of specializafdfeber, 1909/1929). This cluster model has
proved risky for long-term development due to exagted territorial specialization and the lack
of job diversification, skills and sectors in thegion, which could thus become a “small world”
(Watts, Strogarz, 1998).

The positive effects of this new policy at the iterral level have been confirmed for the effects
of complementarity and the interactions thus gaedrgZimmermann, 2002) between various
SMESs, encouraging them to work in complementaryosec not necessarily belonging to the
region competitiveness centers; this has beenderdo develop innovative solutions in their
sectors based on the high technology licensed bR technology, originally developed for

the aerospace sector.

One of the results of the practical applicatiortted new ONERA-SME policy is that ONERA
became a “distant source” (Maskell, Bathelt, Malngh&005) of new ideas and expertise for
other competitiveness centers outside the aerodpelde Thus, ONERA’'s SME partners and
members of these so-called competitiveness cemterdonger depend only on internal
interactions specific to the center that they aemipers of in order to have access to R&D
resources, but also benefit in their innovation kvérom skills that are external, in the
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geographical and sector sense. This reasoning t®d to be valid also for the case of
geographically isolated SMEs that encounter diffies in becoming members of the centers of
another area, the partnership with ONERA allowimgnt an important access to R&D skKills.

As a transition to the macro economic level, anartamt perspective could directly impact the
development policies of regional specialized clisstes so the national strategies for innovation.
The R&D laboratories will adapt their behavior bwtensively using asymmetries
compensation/reduction mechanisms in their relatignwith the regional specialized SMEs but
also with other SMEs, not regional or acting inestdomains. Thus, the regional specialized
clusters (supposing there are more then one prasehé same region) will be interconnected
through direct collaborations occurring between soofi their “provider (R&D labs)” and
technology “consumer (technology adopter SMES)” iners. They will also be interconnected
with other non regional clusters. These types tdractions, either driven trough Market Pull,
Technology Push or Hybrid approaches, will exchatgghnology inside and outside their
related clusters, with no more Clusters Authoritrenitoring. To optimize this type of possible
multiple embedded innovative system, mainly basedegchnology transfer between providers
and consumers of technology, we consider that sgrads models could be an appropriate
approach (Paun, 2010).

3 - Impact at the macro-economic level

The relationships that the SME partners have deeelavith ONERA allow changes towards
sector-based operating rules specific to the intiowaassistance structures or to regional
development, in relation to professional networks,the sense of “cumulative causality”
(Veblen, 1914) or of “recursive causality” (Morih990). Thus, it has been observed that some
of ONERA’'s SME partners, especially part of the isienal committees of this type of
structures (competitiveness centers, trade assmgiaproselytize for this new type of tool for
collaboration with public research with the othexmbers of the said committees.

Other national structures grouping various innaratplayers actively examine some of the
collaborative tools developed within the framewofkhe new SME policy of ONERA. These
tools are often the subject of analyzes by thimkkséamade up of these national structures, in
order to exchange ideas regarding good practicéweka their respective members. The
adoption and/or generalization, after the inheeglaptations due to the sector-based specificities
of the various parts, of these collaborative tdmsthese other structures or networks, could
induce the same positive results, such as thoseneot by ONERA and its SME partners, on
innovation at a national scale.

Many authors have identified, in the various stada the conditions and mechanisms of
financial support for innovation and their impach @conomic growth, that information

asymmetry (Akerlof, 1970; Stiglitz, Weiss, 1992)dee of the major factors influencing the
financial risk taken to generate innovations.

The ONERA-SME collaborative tools have shown whairtrole can be in the reduction of this
asymmetry between these SME (and start-up) parametsheir respective investors. Indeed, the
fund raising required for the development projegt the SME became much easier. The
generalization of this type of tool will no doubean the constitution of a bett@usiness Angels
culture andventure Capitain France and, especially, the appearance of negstors due to the
reduction in financial risk as a result of the retitan of information asymmetry between the
SME (or start-up partners) and investors. As anmge, theshared risk development contract
signed by start-up partners with ONERA, proved &¢ thereafter, a facilitator document in the
phase of due diligencébetween the start-up partner andBissiness Angels
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