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Executive Summary

The central role of innovation in the creation of jobs and wealth is stressed in the Europe 2020
strategy and the Innovation Union flagship initiative. In this context, the NMP Theme', with
its focus on smart and sustainable growth, and its successor activities under Horizon 2020
have a primary role to play.

With this in mind, the NMP Expert Advisory Group (EAG) held a two-day workshop on 4-5
November 2010 to identify practical steps for improving the economic and social impact of
R&D in the NMP areas, nanotechnology, materials and production technologies. It was also
recognised that more fundamental research also plays an important role and should be better
linked to the more applied research and innovation. To support future strategy, EAG members
completed five orientation papers to help the Commission assess experience from the NMP
fields with a view to the future, with some recommendations on how innovation could be
better supported. The five orientation papers outlined here are:

— Interactions between academia and industry

— Best practice in innovation

— Simplification and SME involvement

— Metrology and Standards in Innovation

— Key Enabling Technologies of interest to the NMP Theme

Each paper offers novel insight and practical recommendations built on the expertise of
leading practitioners in its respective field and stands as an important contribution in its own
right. However, all five papers are mutually synergistic and collectively address and enhance
the opportunities offered for accelerating innovation in Europe’s industrial technology sectors,
within the Competitive Industries pillar in Horizon 2020.

In the remainder of its term, the NMP EAG intends to continue work on key enabling
technologies; clusters of projects and dissemination of results; role of the European Institute
of technology in smart regional innovation and international cooperation.

Interactions between Academia and Industry

The need for a more efficient knowledge transfer between university and industry is led by
common interests and mutual benefits. For industry, this interaction facilitates access to state-
of-the-art research, while academic partners benefit from the opportunity of applying research
results, from access to facilities and from a private source of funding. Commercialisation,
mutual learning, access to funding and access to in-kind resources are some of the main
motivations for academia-industry collaboration, which can follow a partnership model (e.g.
collaborative research) or a service one (i.e. academic researchers work under the direction of
industrial clients).

A typical difficulty in these interactions is the mismatch between the objectives of academic
and industrial partners, which is linked with their different cultures (e.g. curiosity versus goal-
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driven research, publishing versus exploitation of results, desire to be at the "cutting edge" of
research versus development of previous research).

The following approaches can help strengthen the links and lead to more effective innovation
from research results:

— Research-based model: focusing on longer-term industrial issues with wide dissemination
— Student-based model: focusing on mobility of researchers between academia and industry
— Simplification and SME involvement

. Long-term, close collaborations, in jointly determined areas (such collaborations can
both preserve academic freedom and lead to effective innovation).

. Top-up or two-stage funding for projects with innovation potential.

. Good project management and follow-up are essential: this includes commitment,
continuity and communication.

The European Union has developed several structures to create the appropriate condition for a
dialogue between academia and industry: European Technology Platforms (ETPs), Joint
Technology Initiatives (JTIs), the European Institute of Technology (EIT), brokerage events,
workshops, etc. Similar initiatives exist in Member States.

Best practice in innovation

Linked with university-industry collaboration, there is a growing recognition of open
innovation models, developed in many leading companies. Open innovation may be described
as a funnel of ideas towards development and commercialisation, in which several actors
interact: end-users, research centres, academia, different industries from different disciplines,
regulators, tax-payers, etc. Open innovation means "co-creation": joint research, joint
development, joint evaluation, joint validation of novel products and solutions.

Three models can be described: (i) Large industry model, implemented in multinationals like
Intel, Bayer, BASF, Philips, etc. (i1) Regional industry-led "Open Innovation" Centre Model,
typically based near a major industrial company and supported by public development funds
and creates support for SMEs. (iii) Regional University-Industry "Open Innovation" Centre
Model, centres of industrial collaboration based on the campuses of academic centres of
excellence, which serve large companies and SMEs on a fee for access basis. They are very
useful for SMEs to facilitate access to technology and networking.

Funding remains problematic in Europe for the later stages (since prototype demo to
technically qualified final product) of the research and innovation continuum. Instruments
have nevertheless been developed at EU level, such as public-private partnerships (PPPs),
Innovation Partnerships or the Competitiveness and Innovation Programme (CIP). Other
actions still need to be improved for innovation, as public procurement or simpler, faster and
cheaper Intellectual Property (IP) regulations.

A total system approach for innovation is needed. This should include, amongst others:

J Stimulation and creation of open innovation actions, according to the three models.
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J Creation of a European Innovation Council, similar to the ERC, to finance innovator-
driven projects.

. Creation of a European Regional Innovation Fund.
. Higher engagement with Venture Capital Funds.
o Undertake foresight studies on future "hot areas" of technology development.

The three models described point towards the importance of “smart regional specialisation”
for realisation of best practice in innovation. The recommendations address practice, capacity
building and funding instruments.

Simplification and SME involvement

SMEs (i.e. companies employing less than 250 people, and with an annual turnover below 50
Mio € or a balance sheet not exceeding 43 Mio €) represent 99% of all companies in Europe
and employ 65 million people. In spite of these impressive figures, their participation and
success rate in the Framework Programmes remains low. To boost SMEs innovation, the
European Commission should create a flexible, lightweight and well-defined form of
partnership for them. This would imply a shift towards a trust-based and risk-tolerant
approach from the EU. More concretely, it would be necessary to develop, amongst others:

o A smaller variety of financial rules: no ex-ante financial capacity checks, exemption of
certificates on financial statements, maintenance of a single entry registration capacity
and eFP to be intensified.

o Time to grant should follow the same model than the ERC (less than 20 days).

. Use a two-step proposal submission, with pre-proposals to be developed if successful
. Move from a cost-based funding to a results-based and IPR approach.

. Complement grants with loans.

o Reduce reporting obligations.

o Integrate the possibility of allowing SMEs of entering a project in its latest stage or as

sub-contractor.
° Reduce the size of consortia, to avoid SMEs isolation and minor role.

For enhancing innovation, the FP should be more industry oriented and driven as it is today,
moving from an evaluation impact criterion of "pure excellence" towards an "excellence and
exploitability of results and interest for the community".

Metrology and standards

It is widely acknowledged that metrology and standardisation provide vital support to R&D
and to the development of innovative products and processes, through improved industrial
efficiency and reduction of risks and transaction costs in the market. The European Union
acknowledges the relevance and importance of standardisation to innovation in several
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official documents and, indeed, has launched a major programme on measurement (400
million € in FP7), involving National Metrology Institutes and other research organisations.
Last but not least, the European Commission uses mandates to the European standardisation
organisations, like CEN, CENELEC and ETSI for developing standards which are important
for meeting EU policy objectives.

There are nevertheless several barriers for an effective transfer of research outputs into
standards. For instance, timeframes are rarely aligned between research and standardisation,
and there is often a lack of interest from researchers, who move in different circles. EU
actions towards standardisation are often fragmented and it is difficult to find funding for pre-
and co-normative research. Support is often needed on a relatively smaller scale and does not
fit easily with large scale projects in the current framework of calls. A new approach is
needed and could be developed in liaison with A185 initiative on European Metrology
Research Programme.

An interesting case study that demonstrates the links between innovation and standardisation
and metrology is provided by the position of Environment, Health and Safety (EHS) research
for nanotechnologies. Uncertainty related to EHS impact of nanotechnologies is recognised as
a key potential barrier to innovation in this area. In recent years, the NMP programme has
invested heavily on EHS issues. Activities have included reviews, assessment of existing
methods and research to fill knowledge gaps.

However, the work is somewhat fragmented and the EHS programme under the NMP theme
is not fully integrated in the innovation-led FP7 work. It would be necessary for the
innovation process to move forward with confidence that the EHS and societal issues are
being addressed, which requires further links between EHS and the innovation chain, as the
NanoSafety cluster is now trying to do.

Some concrete recommendations are:

o Identifying and prioritising standards needs to support European innovation;

. Using metrology and standards recommendations in EU foresight projects for future
calls;

J Using standards impact as a performance indicator for projects;

J Creating a single focus within DG Research for metrology and standards;

J Facilitating access to SMEs to measurement and characterisation expertise and tools;

For Nano-EHS:

o Developing common databases for information sharing and funding transnational
work; and
o Creating a single European centre, probably from a small number of institutions, for

primary repository of information concerning potential risks of nanomaterials.
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Key Enabling Technologies

Key Enabling Technologies (KETs) are knowledge and capital intensive technologies with
high R&D intensity, rapid and integrated innovation cycles and highly skilled employment.
Their influence is pervasive, enabling process, services and product innovation throughout the
economy. They are multidisciplinary and trans-sectoral and led to convergence, technology
integration, having the potential to induce structural changes.

Conscious of their relevance, the EU launched in 2010 a High Level Group that identified six
areas: photonics, manufacturing, nanotechnologies, biotechnology, advanced materials and
micro/nanoelectronics. Seven working groups were then established, to analyse topics like
inter-disciplinarity, value chain and vertical integration, research enhancement, product
development launch, policy benchmarks and options or financial instruments.

The "valley of death" concept was analysed in the mid-term report, with case studies (e.g.
solid state lighting, nanoelectronics, photovoltaics). A SWOT and a value chain analysis
identified a double condition for sustainability: technology capability and manufacturing
capacity. This leads to two general recommendations:

. Increasing support to pilot and demonstration activities. To obtain enough impact,
large-scale integrating projects should be considered.

J Giving more emphasis to the integration part of the NMP programme, not only in
terms of budget share but also as a strategic activity line.

More specific recommendations are provided for each of the six KET areas. The work on
recommendations in the field of Key Enabling Technologies will be continued.
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I. Interactions Between Academia and Industry

Costas Kiparissides (Rapporteur)

Rob Aitken, Livio Baldi, Marie-Isabelle Baraton, Leah Boehm, Eduard Hulicius, Jennifer
Melia, Helena Van Swygenhoven and Terry Wilkins

Supported by Nicholas Deliyanakis, Anne Mallaband and Nathalie van Neck (European
Commission)

1. Introduction

The concept of university and industry (UI) research collaboration is not an invention of the
21% century, but has existed since the 1800s in Europe and since the industrial revolution in
the United States. The period 1980-2000 was characterized by a marked transformation in the
mode of governance of university-industry interactions. The traditional models were personal
contracts between academic scientists and company researchers, and intermediation through
dedicated public research centres. However, new methods have been developed to achieve
prompt transfer and exchange of knowledge, which is crucial for firms facing continuously
increasing competition from low cost producers, and rapid obsolescence of products. Many
attempts (in different countries) have been made to develop a new institutional infrastructure
able to support knowledge diffusion between universities and firms. A central tenet of these
new systems is that the university must take an active part in the governance of knowledge
transfer. Knowledge transfer is becoming institutionalized, and seen as a new role conferred
on the university, rather than on individual university researchers or public research
organizations. This qualitative change in the nature of the relationships between industry and
academia has been accompanied by the emergence of visible new organizational forms such
as university-industry liaison offices, technology licensing offices, technology transfer
offices, industry-university research centres, research joint ventures, university spin-offs and
technology consultancies. It has also entailed the development of a new set of ‘rules of
engagement’ to coordinate the interactions between academic and company scientists. These
partnerships have, however, increased and intensified over the past decade and have received
much public and institutional attention. The growth of UI research collaboration is due to
various factors. More effective and efficient knowledge transfer for the benefits of the
industry and more funding opportunities for the benefits of academic researchers are two key
factors. Furthermore, the industrial partner benefits from direct access to state-of-the-art
research, can potentially influence the research agenda, and can experience a positive effect
on the overall corporate culture as a result of the collaboration. At the same time, the
academic partner benefits from the opportunity to apply research results to market products,
from access to good facilities, and from gathering first-hand information about the state of the
market. It stands to reason, therefore, that Ul research collaborations will continue to grow in
number, making it relatively safe to say that it is a very promising model for innovation.

It is largely documented that public science has a positive impact on industrial innovation.
Previous studies, for instance, provide evidence for enhanced corporate patenting and
improved new product and process development in the corporate sector through scientific
research results. However, most of these empirical studies focus on the U.S.
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For the European Economic Area, scholars and policy makers are rather sceptical with respect
to emphasizing a large impact of science on corporate innovation: it has been claimed for
about a decade that a so-called “European Paradox” exists. It describes the phenomenon that
EU countries play a leading global role in terms of top-level scientific output, but lag behind
in the ability of converting this strength into wealth generating innovations in the business
sector.

An empirical analysis of 4,000 German academic patents revealed that corporations favour
collaborative agreements with academia that enable them to reap short term rather than,
possibly more uncertain, long term returns. It was shown that, in the European context, firms
strive for academic inventions with a high blocking potential in technology markets.
Academic patents issued to corporations appear to reflect less complex and fundamental
inventions as compared to inventions that are patented by the science sector as is reflected by
their forward citation pattern. The results support the argument that a weak corporate sector
explains part of the European paradox. Firms seem to lack the necessary absorptive capacity
that would enable them to identify and acquire the most promising scientific inventions
possibly enhancing long term growth and competitiveness. As this is a necessary first step
before commercialization can take place, firms and policy makers should pay attention to
strengthening this stage of science-industry knowledge transfer. It is questionable whether it is
a successful long-term strategy to focus on rather short-term benefits from science than
aiming for the adoption of more complex and more basic university technologies.

This report presents the different modes of academia-industry interactions, the motivations
and benefits for university-industry engagement, the typical obstacles, the industry-academia
partnership models and the opportunities & risks. In addition, it refers to ways of bringing the
right academics in contact with the right industry and ways of fostering academic freedom
while ensuring knowledge transfer. Finally, some ways to improve collaboration and build
bridges between academia and industry are suggested.

2. Modes of Academia - Industry Interactions
Table 1 presents the multifaceted nature of university-industry interactions.

Table 1. University-industry interactions.

. Research partnerships . Inter-organizational arrangements for pursuing
collaborative R&D
J Research services J Activities commissioned by industrial clients

including contract research and consulting

o Academic entrepreneurship e Development and commercial exploitation of
technologies pursued by academic inventors
through a company they (partly) own

o Human resource transfer J Multi-context learning mechanisms such as
training of industry employees, postgraduate
training in industry, graduate trainees and
secondments to industry, adjunct faculty
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o Informal interaction o Formation of social relationships and networks
at conferences, etc.

J Commercialization of o Transfer of university-generated IP (such as
patents) to firms, e.g., via licensing
property rights
o Scientific publications . Use of codified scientific knowledge within

industry

Regarding to relationship-based forms of university-industry links, we distinguish between
two main types, depending on the degree of finalization of the research undertaken: ‘research
partnerships’ and ‘research services’. In light of these considerations, research partnerships
are designed to generate outputs that are of high academic relevance and can therefore be used
and adapted for academic publications by the researchers involved. Research partnerships
include collaborative research activities, also known as sponsored research, and university—
industry research centres. Research services, by contrast, are provided by academic
researchers under the direction of industrial clients and tend to be less exploitable for
academic publications. Contract research and some academic consulting fall under this
category.

The term ‘university-industry knowledge transfer’ is used to indicate a wide range of
interactions at different levels, involving various activities aimed mostly at the exchange of
knowledge and technology between universities and firms. These interactions on the side of
universities are often described as ‘third stream’ or ‘third mission’ activities. They include, for
example, collaborative research with firms, contract research and academic consulting
commissioned by industry, the development and commercialization of intellectual property
rights (IPRs), the creation of start-up firms to exploit university inventions, co-operation with
firms on graduate training, and training and exchanges with industry researchers.

Figure 1 illustrates the various factors that influence the 'structure' of collaboration.

Informal and/or

formal Nature of
Type of participants research
involved
Expected
outcomes
Partilcipants’ Collaboration Duration of
roles in collaboration
collaboration Stru cture
Size of Funding
collaboration (no. sou.rce.s'&
of people) Geographical availability

distance between
collaborators

Figure 1: Elements of collaboration structure.
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3. Motivation

Regarding what motivates academics to engage with industry, using both informal
collaboration and formal models of interaction, four main motivations have been identified: 1)
commercialization (i.e., commercial exploitation of technology or knowledge), ii) learning
(i.e., informing academic research through engagement with industry), iii) access to funding
(i.e., complementing public research monies with funding from industry) and iv) access to in-
kind resources (i.e., use of industry-provided equipment, materials and data for research).
Three of these factors are research-related and only one is related to an intention to be
entrepreneurial. In fact, our results suggest that most academics engage with industry in order
to further their own research, either through learning or through access to funds and other
resources. In addition, commercialization on average was ranked lowest by our survey
respondents. Table 2 shows examples of motivations for the engagement of universities with
industries.

Table 2. Examples of motivations for university-industry engagement.

University Industry

Enhancement of teaching o Sourcing latest technological
advances (obtain a window on
science and technology, including
access to knowledge, artefacts and

technical information)

o Funding / financial resources e
(industry provides a new source of
money. This helps diversify the
university’s  funding base and
provides opportunities for obtaining
state-of-the-art ~ equipment  and
facilities)

Laboratory usage (gain access to
university facilities)

o Industrial money involves less red e
tape than government money

Personnel resources /cost savings

. Source of knowledge and empirical e
data (industrially sponsored research
provides students exposure to real
world research problems)

Risk sharing for basic research

Work on an intellectually challenging
research programme which may be of
immediate importance to society

Enhancement of reputation
Job offers for graduates (provide

better training for the increasing
number of graduates going to

Stabilising long term research
projects

Recruiting channel (obtain access to
manpower)

Obtain prestige or enhance the
company’s image
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industry)

Some government funds are available e Provide general support or technical
for applied research, based upon a excellence
joint effort between university and
industry
o Political pressure o Foster good community relations
4. Benefits

Table 3. Advantages of academia-industry research partnerships.

Advantages for Industry

Advantages for Universities

3 Outsourcing: getting research done by
university researchers when the company is
unwilling or unable to do it in-house; low
cost collaboration — value for money.

. Complementing the company’s skills base:
accessing skills and expertise within
universities which company staff lack.

3 Pursuing a multidisciplinary approach:
deploying the multi-disciplinary teams
which universities can more readily
assemble.

. Harnessing public funding: bringing public

(as well as private) funding to bear upon
company research problems by developing
proposals in partnership with a university.

. Complementing the company’s physical
resource base: accessing unique or specialist
university-based equipment, facilites (and
services) which the company lacks.

. Recruitment made easy: finding the right
staff for the job as a result of getting to
know students, post-doctoral researchers
and academic supervisors.

. Benefiting from new ideas: getting the inside
track on emerging fields, enabling technologies
and new ideas, generated within universities,
which could benefit the company; maximizing
the potential for innovation.
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Market awareness: gaining insights into the
research problems preoccupying particular
companies or industrial sectors; developing
new lines of (industrially relevant) research.

Maintaining momentum: increasing the
chance of sustaining existing research
programmes and initiating new programmes
by widening the customer base.

Harnessing private and public funding:
bringing private (as well as public) funding
to bear upon research programmes by
developing proposals in partnership with
one or more companies.

Complementing the university’s skills base:
learning new techniques and skills,
developed within companies.

Complementing the university’s physical
resource base: accessing state of the art or
specialist company-based facilities or
services which the university lacks.

Enriching teaching programmes: obtaining
the employer’s perspective on the direction
and content of teaching programmes;
sourcing ideas for student projects and
locating placement opportunities.

Sourcing job opportunities: getting the
inside track on possible job opportunities
for graduates, post-graduates, post-doctoral
researchers and academics.



° Opening up a window into the world: keeping
tabs on relevant developments elsewhere in the
world via academics’ extensive international
networks.

5. Typical Obstacles

One of the typical major obstacles to a university-industry collaboration is the lack of
adequacy between the objectives of the two partners. While some in industry are looking for
tangible results, performance and marketable products on a short time scale, the others in
academia are looking for fundamental understanding of phenomena without time constraint
and without any barrier to imagination and creativity. A successful and sustainable
collaboration is possible only if both parties can achieve their objectives with benefits for
both. Developing a “win-win” strategy is the key for success. The adequacy of the objectives
is therefore critical for a fruitful collaboration because creative and high-quality research
(with articles published in high-ranked journals) may be useless for industry, at least on the
short or medium term. Unless objectives and methods of a research project are aligned with
the strategy and needs of a company, the collaboration may not be worth the investment. Such
alignment will also ensure that results of the research are directly taken up by industry on a
very short time scale. In what follows, the typical obstacles are presented in detail.

5.1 The Two Cultures

Many of the obstacles to successful collaboration and communication are based on deep
cultural differences between industry and academia. These differences are desirable and
necessary for the effective functioning of each culture. Both cultures have changed
significantly in the past decade, but these changes have not necessarily made the two cultures
more similar. Attempts to significantly change either culture to make them more similar will
undoubtedly meet with little success. Even if it were possible to change the cultures to make
them more similar, we would then lose many of the most important strengths of each culture,
resulting in a net loss to the common good. It makes more sense to learn about and respect
each other's culture, and look for ways to work together effectively. We will review the major
cultural differences and discuss some possibilities for finding mutually acceptable middle
ground.

5.2 Curiosity vs Goal-driven Research

Academic research tends to be curiosity-driven. Academic scientists often have the luxury to
pursue new knowledge for the knowledge's sake. Industrial research tends to be more goal-
driven. There is usually a need to learn some particular piece of knowledge by a deadline to
achieve a competitive advantage in the marketplace. Longer-term research generally does not
fare well in an environment strongly focused on product development and quarterly profits.
This creates a situation where incremental improvements become the only viable mode for
progress. This approach is clearly very profitable in the short term. However, history has
repeatedly shown the unpleasant results of this approach in the long term.

Industry has often collaborated with academic scientists with the goal of developing new
products. However, the research universities have no natural advantage in product
development. Industry tends to define projects quite narrowly. This actually deprives industry
of some of the major strengths of academia: creativity, originality, and intellectual power.
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One way" to bridge this cultural difference is to analyze the longer-term technical goals of the
industry, and then define a general research area for academic scientists. Jointly determining
areas where the academic scientist can conduct interesting, publishable research, that also
furthers the longer-term interests of the industry, can be mutually satisfying and beneficial.

In this paradigm, industry specifies the areas of scientific research where progress would be of
practical value, and academia considers how longer-term scientific progress in these areas
might best be achieved. Together they decompose the complex technical problems facing
industry into the underlying basic scientific issues.

5.3 Proprietary Issues

Academic scientists must present their work at conferences and publish papers in prestigious
journals to survive and prosper. Achieving tenure and winning grants depend largely on
published evidence of productivity and the establishment of a good reputation in the scientific
community. This necessitates open discussion of scientific work with other scientists. In sharp
contrast, industry tends to keep scientific work proprietary. This is seen as a way to protect
the company's investments in newly acquired knowledge or data. We don't want our
competitors to know what we are doing, or give them any technical knowledge that could
possibly allow them to improve their products and processes.

One possible way to bridge this cultural gap in interactions between industry and academia is
to establish prior agreements on proprietary issues. These agreements would set rules for the
sharing of intellectual property, and set a finite time (perhaps six months) for collaborative
work to remain proprietary. This gives industry time to file patents, and allows academia to
present and publish the scientific aspects of the collaborative work in a timely manner. This
also ensures the scientific work is adequately documented and scrutinized by the scientific
community.

5.4 Money

In crude terms, research universities convert money into trained scientists and new
knowledge, while industries convert trained scientists and new knowledge into money.
Ideally, the result is a positive gain in the welfare of the trained scientists, the knowledge
developed, and the money made. What can be done to improve the efficiency of this process?

The funding situations in academia and industry are quite different. Academic scientists rely
largely on government and foundation grants. Funding for academic research has been
declining.

Industrial scientists rely largely on internal funding from the company, which ultimately
comes out of the company's profits. The funding is usually for specific product-development
projects. Most companies require approval from high-level management to fund a university
project for longer than one fiscal year.

Industrial funding of academic research on a year-by-year basis is usually a problem for
academic faculties. One possible solution is to pair a working-level industrial scientist with an
upper-level industrial manager. The industrial scientist can then interface with an academic
scientist, providing meaningful technical input and evaluation, while the upper-level manager
can 'bank roll' and provide internal support for the joint project.

5.5 FAD Science
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There is a cultural tendency in academia to do research on the latest 'hot' topic. This is
reasonable: when a breakthrough like high-temperature superconductivity happens, new
scientific territory is opened up for exploration. The perhaps once-in-a-lifetime chance to
explore completely new territory and perhaps discover significant new pieces of science is
irresistible. Minor fads in scientific disciplines are continuous. The desire to stay at the
'cutting edge' is one motivating force.

Basic industry develops some key technologies and then continues to make profits for many
years, well after the technology becomes pass6 in academia. This can lead to a 'disconnection’
between academic scientists and industries. The basic industries (metals, chemicals, plastics,
autos, and other manufacturing industries) have in many cases eliminated or drastically
reduced their internal R&D efforts, in response to short-term economic pressures. This makes
the basic industries even more in need of technological help from outside sources. It is easy to
lose sight of the many benefits obtainable by injecting new technology into basic industry.
The emphasis on job creation may miss the need for job conservation in existing basic
industries. Basic industries contribute significantly to the number of jobs available, and it
would be detrimental to the nation's needs to focus only on new job creation in high-
technology industries. Bridging this gap may require third-party intervention, in the form of
government programs.

5.6 The Role of Industrial R&D Laboratories

Some outstanding industrial R&D labs have experienced drastic cuts and changes in mission
in recent years. The question has been raised: have these labs completed their function? Do
we have all the basic science we need for the foreseeable future, and all we need do is apply
that science to product development?

Universities have traditionally trained many scientists who enter the industrial sector and act
as a source of new knowledge, concepts, and ideas from basic research. Universities do not
usually act as direct sources of new products and new technology that have an impact on
industry.

Transforming the knowledge generated at universities into new industrial products or
processes has traditionally been done by industrial scientists in an industrial R&D lab. Some
functions of industrial R&D labs are to maintain active relationships with academia, provide
entry-level jobs to freshly minted Ph.D.'s (smoothing the transition from academia to
industry), stay in touch with the latest academic advances in fields of relevance to their
industry, and apply the results of basic work done in universities to particular industrial
concerns. The industrial R&D labs act as a conduit and intermediary between industry and
academia.

Industry needs to encourage its scientists to communicate and collaborate with academic
scientists. It is easy for industry to lose sight of the importance of this, since the results are not
easily quantifiable and don't show up directly on the quarterly profits. It is necessary to have a
place removed from the pressure of quarterly profits to develop scientific advances needed for
future products and processes. Academia serves this role very well. Industry should not hold
academia responsible for a business model of short-term profits.

5.7 Dealing with Bureaucracy
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Overvaluing potential intellectual property can slow down negotiations. What are the key
issues to be considered and what are peripheral?

5.8 Different Expectations

Industry

o Information on innovative developments including disruptive technologies
J Technology transfer. Developments to be implemented in industry
J Assistance in solving technical difficulties

J Training of people: engineers, scientists, economists

° Products, sales, market share, profit

Academia

o Freedom of research and activities

J Funding of research

J Funding of students

J Requirements from industry, industrial trends

J People from industry teaching at academic institutes

o Reward (compensation) for working with industry

. IP issues: ownership, patents, publication rules

A summary of the obstacles (barriers), categorized as cultural, institutional and
organizational, is given in Table 4.

Table 4. Categories of UIC barriers.

Cultural Barriers

. Divergent missions and goals
J Conflicting interests concerning secrecy and IPR
o Different languages and assumptions

Institutional Barriers

° Different nature of work

. Divergent perception of what the “product” of R&D is
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o Structure change and change of responsibilties on the company’s side

Operational Barriers

. Lack of knowledge about the partner and his processes
J Insufficient coordination and project management
. Lack of acceptance for results generated by the partner

The question is how the different incentive structures for academic researchers and industry
staff can be aligned to produce mutually beneficial results. Generally, scientists are oriented
towards the reputation-based reward system of open science, while industry scientists face the
commercial imperative to produce exploitable results.

Some suggestions are given below:

. Both parties need to be more realistic regarding outputs and timing.

J Academics must understand that an idea or an invention on its own is not a solution.

o Companies must understand that they will not get a product that is ready for market.

o There is a need to build a commercial and marketing awareness in to the planning

process at an early stage.
o Building trust and a strong relationship between the partners is crucial.
. Time to contract needs to be optimized.
6. Industry — Academia Partnership Models

Four primary academic-driven partnership models can be identified (Figure 2).

Focus on academic-based case study or survey research approaches oriented
toward strategic issues within industry, and the dissemination of results to as
broad a base as possible, in order to attract sponsoring companies or grants

Conduct
Academic-Based

Focus on programs, events
and partnerships oriented

Focus on direct placement

toward showcasing the  Promote Academic - e 9 3:::]5':; 2:155 I:::-ﬁl.:}:; ‘ZW
?sz::rfn?cfféiﬁrfﬁ Researcher 4@ industry stPI';Jcet combination of industry-
Seibin b Expertise Partnership udents  gpecific education, and
Center, with the intent of » ™ int hi ith
attracting sponsoring L T Models internships with sponsoring
- companies

companies

 Member
Sponsorship

Focus on maximum membership of industry companies at varying
levels of sponsorship fees in order to fund research activities of the
professor or the Research Center

23



Figure 2: Primary academic-driven partnership models.

Regarding large industries that can afford longer term programs, cooperation with
universities/PRO could take place at two levels:

Technology exploration programs on topics that are not at the moment in the core competence
of the company but could become important 5-10 years in the future. It is a field for Open
Innovation, and critical mass on the side of the research organization (especially if coupled to
the availability of some critical facility) is a big facilitator. A good example is IMEC,
probably the overall best research centre in Microelectronics that has been able to attract
research funding and researchers from outside Europe (Intel, Micron, TI, Toshiba, Hynix,
Samsung), in spite of not having any large European industry close by. Public funding here is
welcome.

Dedicated cooperation links, normally long term and based on common interest with specific
professors and universities on themes which are close to core competence. It is not in general
Open Innovation, in the sense that other companies are not admitted to participate.
Confidentiality and IP ownership are issues, and funding is mostly private. These
relationships in general are used to provide companies with a source of talented young people.
Research is a good tool for training them, even if it is not in the field of direct interest to
industry.

For the large majority of SMEs, especially the ones below 50-100 people, the time frame is
shorter and rather than research (with a longer time frame and unpredictable results) they are
interested in having access to specific competence and problem solving services. Normally, it
is not very motivating for researchers, and money is the best incentive. The Politechnico di
Milano set up a dedicated engineering society to serve this need. In some regions in Italy is is
supported by “research vouchers” that SMEs can get with minimal bureaucracy and have to
spend in one University. It can be effective for a first access and starting cooperation, but it is
mostly on the local level.

7. Opportunities & Risks

7.1. A One Dimensional Definition of Collaboration Effectiveness is Unrealistic

There is no universal definition of success or effectiveness in collaboration because:

° Different participants involved in collaboration (industrialists, academics, government,
etc.) have different perceptions or definitions of collaboration success (which can be

subjective or objective, or both).

. The definitions of success vary by type of collaborative relationship, each of which
has different objectives, procedures and outcomes.

o The definitions of success also depend on the stage of the collaborative process being
observed.

7.2 Reasons why Partnerships Work

J Ensuring there is a clear understanding as to the issue to be addressed, how it will be
addressed, within what timeframe, and at what cost.
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Establishing and maintaining a clear communication vehicle (status calls / monthly
meetings, etc.).

Driving the activity to completion (vs. letting the activity lag due to lack of focus).
Bringing in other disciplines / institutions to address the issue.

Offering to help disseminate results upward / downward within the organization.
Delivering results in a format compatible with the organization

Giving organizational-specific examples of how the results impact the organization.

Over-delivering by answering an extension to the original question.

7.3 Reasons why Partnerships do not Work

Taking the money and running

Sharing results with the payer’s competitors

Hiding from your contact when problems occur

Being too general, or stating the obvious in the results
Underestimating the experience and knowledge of your contact
Having all the answers

Not knowing how the results are to be used...and with whom

Delivering results: -without offering to formally present and discuss, - without
opportunity for questioning, - without an offer for follow-on involvement

7.4 Indicators of Success

A workshop on industry-academia research collaborations run by the National Academy of
Science (US) provided several indicators of success that are viewed as common by all
participants involved in collaborative research (NAS, 1997, p.13):

Project milestones are achieved.
Frequent communication between partners occurs.

The number of quality publications and student theses resulting from collaborative
research is comparable to other productive research areas.

The number and quality of ideas resulting in follow-up activity shows a mutually
stimulating influence among the partners.

Intellectual property (e.g. no. of patents/copyrights applied for or granted) is
generated.
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J The number and quality of graduate students or post-doctoral fellows hired by
industrial partners are increased.

. Continuity of the relationship extends beyond the initial projects.
. The fiscal status of the partnering company improves.
7.5 How Universities’ Research Quality Shapes their Engagement with Industry?

Using a dataset covering all UK universities regarding their collaboration with industry (i.e.
collaborative research, contract research and consulting), it was found that in technology-
oriented disciplines, departmental faculty quality is positively related to industry involvement.
In the medical and biological sciences, a positive effect of departmental faculty quality was
found which however does not apply to star scientists. In the social sciences, a slightly
negative relationship was observed between faculty quality and particularly the more applied
forms of industry involvement. The implication for science policy makers and university
managers is that differential approaches to promoting university-industry relationships are
required.

The research aimed to examine whether the universities with the most successful researchers
are also the ones who work most with industry or whether more ‘applied’ universities are
more successful at establishing relationships with industry despite lower academic standing.
This question is highly relevant for policy making that attempts to balance the quality of
scientific production with the diffusion of university-generated technologies within the wider
economy. The analysis of UK universities revealed that there is no uniform relationship
between industry involvement and faculty quality across disciplines. For the technology-
oriented disciplines, the researchers in the best departments are also those with high industry
involvement. This alignment is due to the high levels of complementarity between academic
research and technology development. For disciplines such as the medical and biological
sciences it was found that research quality is also positively related to industry engagement
but interestingly this relationship reverses for the very best departments. This effect can be
attributed to the fact that in these disciplines the complementarities between academic
research and industrial requirements are lower and therefore those researchers with the best
access to public grants, (i.e. the star scientists), may have to resort to industry funds to a lower
degree. For the social sciences, which are less resource-intensive, a mostly negative
relationship was found between faculty quality and particularly the more applied forms of
industry involvement.

These findings have implications for universities and policy makers keen to promote
university engagement with industry and are rather important because, in terms of overall
economic impact, the types of industry engagement analysed in this research are more
pervasive than IP transfer and academic entrepreneurship. In the technology-oriented
disciplines, industry involvement is strongly complementary with top-level scientific research.
This means the diffusion of university-generated technologies into the economy is progressed
through high quality scientific production and commercialization in these disciplines, and for
that reason it may be easier for universities to configure structures, resources and incentives to
encourage engagement in contract and collaborative research as a means to achieve academic
excellence.

These findings suggest that this complementarity is less apparent in basic and social science
disciplines. If top quality researchers are not the most active pursuers of industry engagement,
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then there might be a tension between providing incentives for such activities, and top-level
research, meaning universities must find creative ways for managing these different demands.
Strategies and policies to promote academics’ interactions with industry, universities and
policy-makers must be tuned to take account of these differences between academic
disciplines. Currently, policy-makers are considering a division of labor among universities
whereby some specialize in advanced research and others in business engagement. According
to these findings, such an arrangement might be appropriate for some disciplines, but less so
for others.

7.6 Conditions for Innovative Collaboration

o Market driven
o Common management
. Clear division of work and responsibility

o Openness (simple IPR rules)
o Room for initiative

7.7 Case Studies

IBM Upniversity Programs

IBM implements a host of programs that facilitate interactions with universities, such as
fellowships and internships, faculty and research awards, collaborations, student competitions,
mentoring programs, executive programs and public-private partnerships. The goal is to
recruit the best talent, actively partner with the best research, manage the knowledge created,
and re-infuse that knowledge back into the university curriculum.

IBM approach to university relationships: Drawing knowledge, expertise and talent out,
feeding support and new knowledge gained back in.

Over the course of many partnerships, IBM has identified some key components of success. It
is critically important to have industry executive-level sponsorship. Well constructed
memoranda of understanding and IP agreements are also essential. It is important to identify
faculty and industry researchers, and subject matter experts to lead the collaborations. IBM
experience shows that long-term strategic relationships and goals work best. Ultimately, IBM
has found that the consortium construct, involving multiple industry and university partners,
leveraging multiple funding sources including government and others, is the most successful.

Deutsche Telekom Laboratories

Deutsche Telekom Group (DTAG) built a University-Industry Collaboration (UIC) by
creating a separate organization. This organization consists of R&D personnel both from
industry and academia and proves to be effective in channeling innovation potential. Being an
organization with its own identity and situated on university premises, the Deutsche Telekom
Laboratories (DT Laboratories) offer different ways to overcome the cultural, institutional and
operational barriers associated with UIC.

27



This special form of UIC (i.e., the creation of a separate organization) joins industry and
academia in one organisation and one physical site. Building this separate organization is
believed to be an especially successful means of overcoming the barriers associated with UIC.
The most prominent examples of such organizations have been the Bell Labs or the Microsoft
Laboratories in Cambridge (UK).

The organisation of UIC as a separate entity already facilitates the collaboration of industry
and academia by creating a common identity with a mutual vision and mission. On top of this,
a number of measures to further reduce the barriers of UIC are in place at DT Laboratories
which are summarized in Table 5.

Table 5. Solutions of DT laboratories for overcoming the barriers of UIC.

Solutions for Cultural Barriers

J Employment of post-docs that have a natural interest in application-oriented
R&D work

o Defined publication and IPR policies

J Collocation, bi-yearly off-sites, one central coffee shop, transparency policy

Solutions for Institutional Barriers

. Organization according to focus of work in strategic research and innovation
development

J Clearly defined deliverables, different KPIs in strategic research and
innovation development, initial productization or even spin-off support for
researchers

. Stability through separated organization with allocated staffing

Solutions for Operational Barriers

J Clear definition of processes
o Coordination through quarterly project reviews and progress presentations
o NIH-Syndrome reduced through mutual projects

Creating a separate organization to engage in an UIC is perceived by the stakeholders as very
successful. As a first sign, the explorative potential of the DTAG and technology intelligence
has been improved due to the founding of the DT Laboratories resulting in better project
selection, increased output of relevant scientific work as well as state-of-the art technical
results to be transferred to the operating units of the corporation. The organization has gained
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reputation as being innovative in itself while producing “fresh” and relevant results both
academically and for practical implementation.

8. Bringing the Right Academics in Contact with the Right Industry

Research needs to explore what approaches firms use to establish such partnerships, what
interfaces they establish within their R&D and other departments to exploit them and what
evaluation measures they put in place. For instance, one can assume that firms differ in terms
of their collaboration styles: Some firms might change their partners relatively frequently to
adjust the external capabilities to their technology needs, while others might prefer long-term
collaboration with the same partners.

The open innovation research agenda suggests the following avenues of enquiry: first, search
and match processes preceding university—industry relationships; and secondly, the
organization and management of collaboration arrangements (Table 6). On the first issue,
search and match processes, the benefit of open innovation for a firm is that specific
technology needs can be better matched by searching for external assets or expertise as
opposed to generating them internally. However, such benefits will only be realized if firms
adopt search routines suitable to match their specific requirements. Research is needed into
how such search styles of firms are constituted. Matching rarely occurs as the result of a
search involving complete information on the whole range of options available to a firm.
Rather, search processes are socially selective in the sense that they are likely to be influenced
by existing inter-personal networks and/or previous inter-organizational collaborations, even
though screening of the scientific literature appears to be a predictor of university
collaboration for firms.

What difference does it make to the search behaviour of firms as to how widely and deeply
their research scientists are networked into the scientific community? In this respect, it is an
open question as to what types of networks influence firms’ search for university partners.
Among the potential candidates, there are geographically proximate social networks,
‘invisible colleges’ or education-related networks such as alumni networks. Furthermore,
traded inter-dependencies may dominate in situations where universities act as (lead) users of
products which are subsequently commercially developed.

Table 6. Research agenda: university-industry relationships in an open innovation scenario.

o Research and match e Role of networks mechanisms: proximity,
processes invisible colleges, education networks, user-
producer relationships.

o Relationship between precipitating social
networks and type of  innovative
activity/outcome

o Role of brokers and intermediaries

o Organization and . Variation of individual-level incentives and
management of motivations across different types of
relationships university-industry collaboration
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o Variation of organizational models and
innovation-relevant outputs.

o Firm strategies for exploiting university
knowledge in an open innovation scenario.

. Impact of institutions on shape, extent and
effects of university-industry relationships.

9. Ways of Fostering Academic Freedom while Ensuring Knowledge Transfer

Universities are increasingly being called upon to contribute to economic development and
competitiveness and policy-makers have put in place initiatives aimed at increasing the rate of
commercialization of university technology. Notably, policy-makers implemented laws that
provide commercialization incentives to universities by granting them ownership of
intellectual property arising from their research. Other policies encourage universities and
firms to engage in partnerships and personnel exchange, for instance via university-industry
centres or science parks. Finally, a third type of initiative seeks to build universities’
knowledge transfer capabilities by supporting recruitment and training of technology transfer
staff.

By actively engaging in technology development, universities are demonstrating
ambidexterity in their ability to produce both scientific knowledge and technology outputs.
For instance, in rapidly developing areas such as biotechnology, ‘star scientists’ excel both as
academic researchers and academic entrepreneurs. An analysis of the publishing and
patenting activities of research-intensive US universities showed a convergence towards a
‘hybrid system’, linking scientific and technological success. More specifically, it showed that
academic success drives technological invention while advantages in technological invention
are driven by organizational learning relating to procedures and organizational arrangements
for identifying, protecting and managing IP. Over time, positive feedback loops between the
two realms lead to a hybrid order where the best universities excel in both scientific research
and technology commercialization.

Critics have responded by underlining the potentially detrimental effects of ‘entrepreneurial
science’ on the long-term production of scientific knowledge, voicing fears that academic
science is being instrumentalized and even manipulated by industry. Many universities appear
to have become ‘knowledge businesses’ which are focused not so much on generating public
goods for national audiences but providing services to specific stakeholders. The perceived
risks include a shift from basic research towards more applied topics and less academic
freedom, lower levels of research productivity among academics and a slowing-down of open
knowledge diffusion.

More specifically, it was shown that in the life sciences, where patents have higher monetary
value, researchers patent to enhance their incomes. In the physical sciences, on the other hand,
patenting is less attractive because of lower monetary pay-offs and therefore is pursued
primarily to develop relationships with firms, access equipment or exploit other research-
related opportunities. On the other hand, other studies suggested that working with industry is
not necessarily underpinned by entrepreneurial intentions in the sense of responding to
economic opportunities. For example, a study of German academic researchers demonstrated
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that researchers engage in patenting not for personal profit but to signal their achievements
and gain reputation amongst their academic and industry-related communities.

The main concern of academics is that industry involvement might restrict academic freedom,
i.e. the ability to pursue curiosity-driven research without having to consider commercial gain.
However, academics appear to draw boundaries between the forms of industry engagement
they see as legitimate, and others, that they view as overly commercial. In any case,
academics express significant support for industry collaboration particularly when it is related
to their research. A meta-study shows that academic researchers’ attitudes to financial ties
with industry sponsors are largely positive, especially when funding is indirectly related to
their research, disclosure is agreed upfront, and ideas are freely publicized. A study of
German academic researchers in four disciplines suggests that acquiring additional research
funds and learning from industry constitute the main motives for engaging with industry.

Strong IP policies pursued by universities may reduce the incentive for firms to
commercialize inventions resulting from UIC collaborations.

10. Practical Solutions and Areas that need to be Strengthened

The problem of academia-industry collaboration has been the topic of a thesis (E.S. Calder,
“Best practices for University-Industry Collaboration”, MIT, USA, 2007). Even though the
US model cannot be strictly applied to European projects and consortia, some findings are
worth mentioning:

It appears that the presence of “boundary agents” in companies facilitate the technology
transfer. These individuals are in charge of collecting external information, identifying new
projects at academia that could affect company products and/or processes. The “boundary
agents” translate the information for internal use and could impact academic projects so that
these projects best fit the industry objectives and market development policy.

A long-term collaboration is generally much more beneficial to both parties than a short-term
collaboration. On the one hand, industry could adjust policies, training, and business practices
to promote sustainable collaborations with research. On the other hand, research organizations
could offer more options for training and networking with people in charge of negotiating
such collaborations. The European Union has already implemented such exchanges through
Marie Curie research networks.

Geographic separation between collaborating university and industry was found to have no
effect on the outcomes and impact of the collaborative project. This is an excellent point for
multinational European consortia.

A project is more likely to be successful if it complements other internal research and
development activities of the company and if university researchers have a broad
understanding of the company’s strategy and other R&D activities. This can be achieved
through the participation of university researchers in meetings with professionals from
business units.
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Obviously, clear mutual understanding of project’s goals and methods is an absolute
requirement.

A number of common key factors or best practice elements for the effective organisation and
management of university-industry research partnerships have been identified in the literature
including:

Table 7. Areas that need to be strengthened.

o Improve innovation strategy and management in academia

o Incentives

o Research centres that are industrially focused

o Bring market expertise to a project from the beginning

o Mobility between companies and universities / institutes / research centres

o Phased collaborations to build trust

o Plug and play models — flexibility in entering and leaving projects

o Reduced bureaucracy and quick turnaround — success of innovation vouchers across
Europe

. Greater project management focus on implementation of results and impact

. Assessment by independent market expert

. Financial commitment by the company

. Top up funding for projects with potential impact

. Frequent meetings and seminars between researchers from industry and academia

. Establishing teams on focused topics

. Establishing a annual funds from the industry to academic institutes. Setting-up, by

the government, special funds for encouraging such collaboration.

. Working with industry will be a parameter in academic promotion
o With respect to IP issues, simple contracts and benefits for the researchers.
. Difference in working culture and behaviour; is academic nature suitable for

collaboration with industry?

o Duration of research and development. Promised schedule, tasks and deliverables
(prototype not papers).
. Commitment of partners. Building trust between the partners.
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o Regional Centres for Industrial Collaboration.

o Mutual trust and good personal relationships that develop over time.

o Good project management (e.g., process monitoring, effective communication).

o Mutual understanding of motivations, interests and needs (organization missions).
o Clearly specified objectives and expectations.

o Frequent, clear and open communication and feedback.

o Commitment and continuity of both partners — helped by mutual goals and benefits.
o Close alignment of expertise and interests of parties.

o Agreements on publication issues, roles and responsibilities.

10.1 Recommendations to Help Spur a Robust Partnership

Develop metrics to measure the success of economic development decisions. This will allow
stakeholders to base future decisions on potential return on investment (rather than primarily
on geographical or political considerations)

Flip the model for the way universities pursue industry partnerships. Currently, universities
seek an industry partner for commercialization after a product or process is discovered.
Instead, clusters of industry should pull relevant research from universities by jointly
identifying and communicating their needs for pre-competitive research.

As community members, universities need to invest their own resources in building regional
innovation systems, for example using endowment investment income to fund seed grants that
bridge the gap between early development and commercialization.

Finally, strengthen the connection between innovation assets throughout the country and the
country’s venture capital investors.

10.2 How Some of the Leading Research Universities in America Established and
Maintained Partnerships with Industry?

A paradigm model was developed that portrayed the interrelationships of the axial coding
categories by using the following headings: causal conditions, phenomenon, context,
intervening conditions, strategies and consequences (Figure 3).

It was shown that in order to establish and maintain mutually beneficial relationships with
industry, universities must proactively manage their relationships with industry, putting
processes and organizational structures in place to reduce or eliminate risks while maximizing
the benefits to both industry and themselves. Regardless of the type of organizational
structures and processes universities employed, recognizing the importance of industry
partnerships to their overall bottom line was of primary importance.
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Ultimately, a process theory was developed for university industry partnerships. This process
theory, which is depicted in Figure 4, described how the research universities surveyed
established and maintained mutually beneficial partnerships with industry. The process steps
identified did not necessarily all occur in a specific order for everyone, but they provided a
framework for understanding the process of establishing and maintaining partnerships with
industry at research universities.
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Causal Conditions:

Enhancement of owerall university resources
= Economic & commumnity development
= Gateway (one-stop shop) for indusiry into the university
= Match university resources to needs of industry

Fhenomenon:

= Cultvated'established mutually beneficial relationships with indusiry

= Stewarded'maintzined mutually beneficial relationships with indusiry

= Established intemal (to the university) relationships and processes to support the
establishment & maintenance of muteally beneficial partnierships with industry

= Established intemal (o the unversity) relationships and processes to support the
establishment & maintenance of mutually beneficial parinerships with industry

Cnntext
Central corporate relations organization
Individual schoclsiunits at the university

» (Other university organizations that
nteract with indusiry

= Campus activities in the dassroom,
labs, boardroom, and athletic events

» Corporate locations around the globe

Intervening Conditions:
» Local, state, & national economic climate
» Corporate mergersiacquisitions & turn-

over of personnel

- Support from university administrators
» Relevant data on industry in an acces-

sibbe central repositony

» Freguency & type of commumnication

Professional conferences - Multiple organizational contacts tofrom
industry

» Relationships & communication betwesn
uniiversity organizations invoheed with
industry

Sh'ategles
Central corporate relations onganization invoheed with cultivation & stewardship of
relationships with industry

» Formal, regular communication between central corporate relations organization &
other university crganizations invelved with indusiry

» Intermal champions, both at the university and at the company

» Ceniral database containing all corporate activities, by company, across the university

- Leweraging company's existing relationships at the university

= Leweraging alumni, friends, advisory board members, & existing comporate partners to
access pobentisl new parners

» Full-service Web site to facilitate corporate interactions

» [btain feedback from industry throwgh frequent interactions

» Prowide annual reports to all corporate parmers

|

Etrateglﬁ
Financial support for university's education. research, & senvice missions
= Broadened expenences for university's students & faculty
= Enhancement of regional economic development
= Increased employment opportunities for students
= ldenification of significant. interesting, & relevant problems
= Access for mdusiry to expertise they do not possess
= Aid in the renewal & expansion of indusiry technology
= Access for mdustry to trained labor pool (students)
= Expansion of precompetitive industrial research
= Leweraging of intemal corporate research capabiities

Figure 3: University-industry partnership paradigm.

Analysis of this process revealed that the universities did not use a “one size fits all” approach
to establish and maintain successful partnerships with industry. However, a set of theoretical
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propositions generated from the data describe what appear to be successful practices at some
of the nation’s top research universities. These practices could be modeled at other institutions
if appropriate. If managed properly, the establishment and maintenance of mutually beneficial

university- industry partnerships can be a win-win-win for the university, for industry, and for
society.

Internal Processes

Central Corporate  Formal, Regular Internal Central Database
Relations Communication Champions
Organization

—® Cultivate Relationships with Potential Corporate Partners

Existing Alumni, Friends, Full Service Match Resaources
Relationships & Others Web site with Needs

Establish Mutually Beneficial Partnerships -

Continue Continue

Cultivation Feedback Annual Reports Stewardship

& Frequent
Interactions

Steward Relationships with Existing Corporate Partners

Results: Financial Support; Broadened Experiences;
Economic Development; Employment Opportunities

Figure 4: University-industry partnership process.

10.3 Good Practice Model

Figure 5 shows a good practice model which includes all the factors found to have had a

significant impact on the perceived success of case study projects (organised into six key
areas).
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University-Industry Specific Issues Managing the “Cultural Gap”
Differing priorities/timescales
-

Publishing in public domain
Academic laisser-faire approach
Industrial lack of flexibility

Role of head researcher Staff secondment
Role of post-graduate students Leadership

/ \ IPR & confidentiality
Partner Evaluation Factors @wﬂm \

Compatibility of culture/ Clearly defined objectives
mode of operation Clearly defined responsibilities
Mutual understanding Mutually agreed project plan ﬁ)utcomes \
Complementary Realistic aims Proprietary benefit
expertise/strengths Adequate resources Technological innovation
Past collaboration partners Defined project milestones Continued support of
High quality staff |I~ Simple collaborative objectives ||~ research programmes
Shared vision strategic Regular progress monitoring Papers published
importance Effective communication Patents/IPR
Complementary aims Student projects
No ludden agendas Ensuring Equality Qtudent reqruitment )
Collaborative experience Mutual benefit

Equality of power/dependency
Project Manager Equality of contribution
Project management training Monitoring Environmental Influences
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Track record & experience of Qrporate stability )
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wulti-functional experience ‘ '

Universal Success Factors
Mutual trust  Continuity
Commitment Learning
Flexibility Leadership
Good personal relationships
Collaboration champion

Figure 5: Good practice model for the effective management of collaboration.
10.4 Implementing University Collaboration Strategies through Portfolio Management

Various researches indicate that UIC portfolio management involves the strategic alignment
of UIC projects and the organization and formalization of UIC management during initiation,
realization, and transfer phases of collaborative research projects. Furthermore, it has been
shown that different collaboration strategies require different portfolio management
approaches. While exploitation and ambidextrous strategies require higher levels of
formalization and centralized coordination, pure exploration strategies seem to be most
effective when managed decentralized.

Overall, research results suggest that proper portfolio management of UIC activities is very
important. In a recent study, crucial elements of UIC portfolio management were identified
and subsequently used to develop a conceptual framework of UIC portfolio management that
outlines the implementation of UIC strategies, thus showing how companies can implement
UIC portfolio management through strategic alignment, formalization, and an organizational
structure. In addition, the link between UIC strategy and portfolio management activities was
analyzed revealing that different strategies require different implementations of portfolio
management.

Table 8 presents the proposed framework to implement UIC portfolio management.

Table 8. Implementation of UIC Portfolio Management.
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UIC Strategy” Strategic Organization® Formalization®

b

Alignment
Exploration medium decentralized low
Strategy joint or endowed

research

Exploitation medium centralized medium
Strategy contract research
Ambidextrous high centralized high
Strategy various types

* While exploration strategies are targeted towards the generation of new knowledge and
capabilities in order to achieve long-term success, exploitation strategies focus on the
valorization of existing knowledge and short-term results. An ambidextrous strategy is the
combination of both strategies that yields to the exploration of new and the exploitation of
existing knowledge.

® Strategic alignment may be achieved via goal clarity, top management support, integration
of UIC activities into internal NPD, long-term commitment, and a global UIC strategy.

¢ When shaping the organizational structure of UIC, companies may install centralized
departments that manage the collaboration portfolio and deliberately structure the portfolio by
choosing a mix of different collaboration forms.

¢ The formalization of UIC involves a standardized partner selection, project initiation,
execution and evaluation, as well as a dedicated technology transfer process.

11. Suitable Funding Instruments and Boundary Conditions that could Enhance the
Links between Academia and Industry (at both EU and National Levels)

11.1 EU level

A necessary starting point is the creation of appropriate conditions for a dialogue between
academia and industry and for the clear expression of needs and strategy (on the company
side) and of ideas, projects and preliminary findings (on the academia side). Below is a non-
exhaustive list of existing platforms/strucures where people from academia and industry are
supposed to meet and exchange relative information.

European Technology Platforms (ETPs): Gather actors form the same sector and from both
industry and academia with similar interest and objectives. Even though the participants to an
ETP jointly define their common needs for the years to come via strategic research agendas
(SRAs), they do not seem to use ETP as a network to find a partner or initiate collaborative
research.

Joint Technology Initiatives (JTIs): Strongly orieneted towards industrial interests,
researchers from academia may not be sufficiently involved.

European Institute of Innovation and Technology (EIT): Gather actors from higher
education, research and business sectors. It is claimed that EIT should strengthen “the links
between the sides of the knowledge triangle” and, as a consequence, EIT should also
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strengthen the links between research and industry, accelerating the transfer of knowledge and
innovation to market. Elt is relatively new and the impact of EIT on academia-industry
relationships is still to be evaluated.

Innovation Relay Centres (IRCs): Created in order to facilitate the transfer of innovative
technologies to and from European companies of research departments. IRCs should be the
places where research labs and industry (mainly SMEs) can find an appropriate partner, at
least in the same region/country.

Brokerage Events: Organized (by IRCs, professional societies/associations,..) to help with the
preparation of proposals and the search for the right consortium partners. Participants can
present their ideas to potential project partners, look for project ideas or consortia to join,
build a consortium. Theoretically, these events are the ideal platforms for identifying possible
new partners and for initiating the dialogue. They are generally successful and well attended.
The counterpart is that these events are sometimes too well attended (in the hope to gather the
perfect consortium within a single day) and it becomes difficult and time-consuming to find
the right partner(s) in the crowd. Multiple and smaller events on targeted topics (e.g., the
topics of the Calls for Proposals) may be more effective. Costs for attendees may be reduced
if the EC sponsors this type of meetings.

Dedicated national and European workshops: 1t can be taken advantage of these workshops
to include small brokerage events. However, the participation of people from industry is
generally limited and therefore the impact on academia-university relationships may be low.

Marie Curie research networks and Marie Curie fellowships: These networks and
fellowships interconnecting different research labs in university and industry with exchange
of students/young researchers are an excellent basis to give the new generation of researchers
a “double” culture and to act as “boundary agents” in a company later on. Even though the
outcomes of research projects may not be directly marketable, the impact on the university-
industry relationships should be important, thus setting the scene for long-term collaboration.

Structures/platforms for discussion, exchange of information and collaboration between
academia and industry do exist at the European level. However, they do not seem to be
adequately efficient. Is it simply because partners from both sides do not find personal interest
in collaborating? To which extent should the human factor be considered?

A non-exhaustive (by far) tentative list of measures is proposed below:

o Organize and support multiple targeted small/medium brokerage events

. Heavily promote all opportunities for bilateral university/academia-industry meetings
. Heavily promote EIT’s results and advantages for industry

. Disclose the Workprogrammes and Calls for Proposals in their draft forms (i.e. before

the official publication); call for Expression of Interest (Eol) in synergy with the
National Contact Points (NCPs) and IRCs so that potential proposers can find (well in
advance) appropriate partners through NCPs, IRCs, meetings, workshops and
brokerage events.
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Network the NCPs and IRCs for efficient and fast dissemination of the Eol over the
EU.

Define metrics assessing the impact of brokerage events and the efficiency of NCP
and IRC networks.

Study the feasibility of building a federation of European Centres of Industrial
Collaboration (ECICs) aligned with regional industries, market sectors and academic
strengths to spread best practice. Such an organization could align with regional,
national and European networks and technology platforms, etc. It also could leverage
the combined strengths of the ECICs to access additional support from European
Union, industry and private or venture capital sources to serve both SMEs and
industrial partners in their local economies to drive innovation across Europe by
operating as a coherent managed European Network.

Development of multi-disciplinary research infrastructures to improve the innovation
cycle by closing the gap between advanced research and industrial needs.

A successful innovative infrastructure (e.g., European Nanoelectronics Infrastructure
for Innovation, ENI2) should rely to a three R&D level organization.

¢ Basic understanding, test and validation of innovative
architectures, materials and processesin order to
identify the most promising topics for future ICT

¢ Technology implementationand performance
assessment on R&D equipments ; development of high
performance Logic, Memories, Derivative, Power devices

INDUSTRIALISTS

Super-national cooperation is needed. Member States tend to fund University/PRO
only when national industry is involved, which is detrimental to building European
excellence centres especially in small countries. Moreover, programs like EUREKA,
JU and PPP with strong national participation tend to favour short term application
development rather than long term technology (or design) development. What could
be useful is something like ERC, but driven by industry or ETPs for what concerns the
selection of themes and projects. Funding should be provided for cross-boundary
research activities where there is a clear “market failure” for what concerns funding by
single Member States.

Direct industry-university cooperation could be covered by usual FP7 type projects
(research or Marie Curie) if the cooperation involves more companies along the supply
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chain. Also what is done in some countries about tax incentives for contributions given
to Universities could be pushed as European standard.

J Aggregation of universities at European level could help provide SMEs with an easier
access to a wider source of expertise. European money could go to universities setting
up this kind of support organizations.

J When SMEs can start thinking of European projects, open calls for SMEs on wider
topics should be provided.

. IP ownership is a hot issue and discussions among companies and universities
normally delay a lot the conclusion of Project Agreements. The Commission should
not over-regulate: when there is a direct research contract, it should let the parties
agree on the conditions. However, some clearer rules are needed when partners receive
European funding. The solution could be that, in case of joint development of the IP,
the industrial partner receives a free license for use, but without sublicensing and
exclusivity rights. The latter can be bought at a reasonable discriminatory price if the
IP proves to have commercial value.

11.2 National level
France

The Fonds Unique Interministériel (FUI), launched in 2004, is a programme supporting
applied research on and development of new products and services marketable on the short
time scale. Amongst the different initiatives included in FUI, let’s quote:

Péles de Compeétitivité: In a designated region, a Pole is a cluster gathering actors from higher
education, public and private research labs, and industry (including SMEs) with a common
development strategy in synergy with the global development strategy of the region. These
clusters are intended to strengthen the partnerships between academia and industry within a
particular region and they should focus on technologies with short market growth.

Sociétés d’Accélération du Transfert de Technologies (SATTs) or Technology Transfer
Acceleration Firms: The role of the SATTs will be to boost the business development of the
most promising research projects, to significantly improve the effectiveness of technology
transfer, and to generate more value. The first call for proposals just closed at the end of 2010
and results are not known yet.

Label EIP (Enterprise Innovante des Poéles): Created in 2010, the goal of the EIP
programme is to help innovative SMEs (and start-ups) involved in R&D and member of a
Pole de Compétitivité to get recognition and to find private and/or public investors.

Agence Nationale de la Recherche (ANR): ANR regularly launches calls for projects on
different topics. The principle of ANR projects is very similar to European projects with
different degrees of industrial involvement.

United Kingdom

Yorkshire Forward regional development agency created a scheme called Centres of
Industrial Collaboration (CIC) which was designed to support SMEs. CICs were
professionally managed centres in Universities that undertook services for companies at
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commercial rates. The funding scheme was competitive and only centres that were embedded
in world leading research groups and who had a clearly identified industrial need/market for
their services were funded and awarded CIC status. The funding was limited to three years
and thereafter CICs were expected to generate their own commercial revenues to survive. The
responsiveness of CICs and regional delivery was particularly suitable for supporting SMEs.

Whilst the CIC scheme may not appear “game changing”, as it simply provides services for
industry, it has made global, national and regional impact, and whilst some CICs have closed,
a number still remain and continue to thrive in areas such as particle technology, biomaterials
and tissue engineering, materials and pharmaceuticals. Since 2003 (the start of the CIC
scheme) there has been a great deal of interest in the CIC programme with visits from
companies, governments, funding bodies and universities from Europe, Middle East, Asia,
Australia and USA. The CIC programme was highly successful and received a major
European award for “Technology Transfer from Research Institutes to SMEs” (RegioStars
2008).

The CIC programme was successful because:
. It was market led (therefore companies pay commercial rates for services)

. CICs were intimately embedded in leading research groups with critical mass and state
of the art facilities (access to expertise and facilitites)

J The CICs had a business plan and were professionally managed with a fulltime
commercial manager/director (delivery on time to budget at desired quality)

o Fulltime technical, research and administrative staff (not distracted by teaching and
academic research duties)

o They had access to real technology and innovation rather than simply being a
signposting organization

o Own laboratories for contract research, testing and open access.

o Although aimed at regional SMEs, successful CICs were not constrained by regional
and national boundaries and worked with companies of all sizes from around the
world.

12. Conclusions

The industry-academia collaboration is characterized by a complex, multifaceted nature and
its effectiveness depends partially on the following three key elements:

. Motivations & objectives for collaborative research
. Communication between collaborative partners
. Management of collaborative processes

These three elements are individually complicated (i.e., strongly dependent on collaboration
characteristics such as structure, process and attitudes of participants) and interactive and their
effects are interdependent.
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Motivations & objectives for
collaborative research

Key Elements

Communication between Management of
collaborative partners collaborative processes

Collaboration Characteristics

» Structure,
* Process

+ Attitudes of participants

Motivations & Objectives for Collaborative Research

There exist a wide variety of motivations for industry-academia collaboration relate to the
individual and organizational cultures of the participants.

The motivations are also influenced by external factors such as the decline in funding from
government which has driven academics to find other sources of finance and an increasingly
competitive market which has forced industry to search for new ideas or knowledge from
universities to sustain future profitability.

There exist also a variety of perspectives towards collaboration which are also related to the
different cultures, attitudes and interests of the participants.

The different motivations and objectives of industrialists and academics can be correlated
with the effectiveness of collaboration (e.g., delay of negotiations at the start of a
collaborative relationship where attempts are being made to try and meet the different needs
and expectations of the participants).

The needs of both sides should be balanced to ensure that the two parties achieve mutual
benefit from collaboration. Failure to achieve such a balance could lead to low enthusiasm
and a subsequently unsatisfactory relationship. Poor clarification of motivations or objectives
at the outset can lead to unrealistic expectations and misunderstandings.

Communication between Collaborative Partners
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Communication problems can arise between industrial and academic collaborative
participants as a result of their disciplinary backgrounds.

The compatibility of the participants’ backgrounds can significantly influence the perceived
success of collaboration. However, further research needs to be carried out to explore how
variations in the educational qualifications and professional disciplines (e.g., engineer,
manager, scientist, etc.) of industrial and academic participants influence collaboration
effectiveness.

Another common cause of ineffective communication and knowledge transfer in
collaborations is industry’s concern for confidentiality. Some industrial partners do not
believe academics can be trusted because of their preference for open communication.

Management of Collaborative Processes

It is evident that because no two collaborations are the same in terms of motivations,
objectives, structure, process, outcomes, type of participants, etc. it is not easy to state what
the appropriate management strategies are for effective industry-academia research
collaborations. There are however a number of research findings regarding best practice in the
management of collaborative research that can be deemed generic. These include the
following:

Adaptable management approach because industry-academia collaborative research is prone
to unexpected developments, changes and outcomes, particularly if the research is curiosity-
driven.

Appropriate mechanisms for the establishment of development stages of collaborative
research to ensure that the motivations and objectives for collaboration are clarified between
all participants, that there is good communication (i.e., regular meetings) and mutual
understanding between the participants, and that agreements are set up to sort out issues such
as intellectual property and confidentiality.

According to the above, it is of paramount importance to discover ways of balancing the
competing objectives and sources of conflict within collaborating teams, identify effective
communication formats and provide guidance on the management of industry-academia
research collaborations.

In relation to the future of industry-academia collaborative research, the evidence indicates
that future collaborations may become more successful because of growing mutual
understanding and awareness between industry and academia, and also due to an increase in
collaborative experience. Changes in individual and organizational attitudes or cultures
resulting from increased collaboration may however create serious problems in the future.
There is evidence that some academics are becoming more business focused and paced as a
result of collaborating with industry. Learning from collaboration brings about changes in
awareness, understanding, behaviour and beliefs, and there is a risk that learning from each
other can lead to the participants (individual / organizational) becoming more similar in their
ideas and ways. This could result in a reduction in the quality of academic research and also
in novel insights, which could create problems for innovation. Measures therefore need to be
taken to ensure that the basic missions or working practices of the participants are not altered.
Collaborative schemes that take into account both basic and applied research, and support
quality research over more flexible and longer timescales will be shown to be valuable.
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I1. Best Practice in Innovation

Marie-Isabelle Baraton, Leah Boehm, Costas Kiparissides, Hans Hofstraat, Francois Mudry,
Jens Neugebauer, Klaus Sommer and Terry Wilkins (Rapporteur)

Supported by Nicholas Deliyanakis, Anne Maillaband and Nathalie van Neck
(European Commission)

Preface

Following on from the Expert Advisory Group’s (EAG) Mid-term review' of NMP’s FP7
programme, the Group held a 2 day workshop 4-5 Nov 2010 to establish areas where practical
steps could be identified for substantial improvement in the pace and quality of the economic
and social impact, through the uptake of nano-, materials- and production- technologies, in
Europe’s manufacturing industries. The Group identified 6 such areas below:

Focus for Improving Return on Investment from EU Funded Research and Innovation

Clustering of Projects!
&
Dissemination

Simplification Standardisation
& &
SME-related issues Metrology

NMP

Best Practices
In
Innovation

interactions
academia & industry

Key Enabling
Technologies

The EAG agreed to prepare an orientation paper for each of the topics above. All 6 subjects
were viewed as equally important and mutually synergistic for achieving the required future
impact. Working groups were established from within the Group’s membership, supported by
staff from the NMP and other Directorates to prepare an orientation paper for each subject.
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OECD Definition of Innovation

“Innovation consists of all the scientific, technical, commercial and financial steps
necessary for the successful development and marketing of new or improved
manufactured products, the commercial use of new or improved processes or the
introduction of a new approach to a social service.

1. Terms of Reference

The “Best Practice in Innovation” sub-group of the EAG was established, to prepare an
orientation paper for the Commission following the 2-day workshop 4-5 Nov 2010. Two
significant contextual factors were taken into account in the preparation of the paper. The first
is the highly dynamic and continuing difficult global economic precipitated by the crisis in the
banking and finance sector in 2008. The second is the high-level research and innovation
policy development taking place within the European Commission, European Parliament, the
Council, the European Economic and Social Committee and the Committee of the Regions as
it progresses plans towards its Europe 2020 vision. Within the latter, NMP has a primary role
in the delivery of the “Innovation Union” flagship initiative” in turn will strongly support two
further flagship initiatives, namely “Industrial Policy for the Globalisation Era” and “Agenda
for New Skills and Jobs”. The terms of reference for the team preparing this paper are as
follows:

. There is a gap between the end results of most projects, even those concentrating on
applications, and developing successful products and services. [Death Valley
problem]*

. This gap can be partially bridged by funding demonstration and other innovation-

related activities (a complete bridging using public funding alone would be
impossible). The purpose of this paper is to look at innovation-related issues that can
or should be addressed in the research cycle, identifying costs where appropriate.

. The paper should propose funding mechanisms, specific elements in existing
mechanisms, and other measures (e.g. support actions) that could be used to address
these innovation-related issues. It may build on best practices at the EU and national
levels.

. The paper should be framed in two relevant Europe 2020 flagship initiatives:
Innovation Union (COM (2010)546);: and An Integrated Industrial Policy for the
Globalisation Era putting Competitiveness and Sustainability at Centre Stage (COM

(2010)614).

In addition to the above reference documents the Green paper From Challenges to
Opportunities: Towards a Common Strategic Framework for EU Research and Innovation
Funding (COM (2011) 48 was also taken into account. Launched the public consultation
process and is a logical extension of the previous two papers and together the 3 documents
form an innovation policy set. The analyses and recommendation from the set were
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summarised by the European Commission’s President M Barroso’s presentation to the
European Council on the Innovation Priorities for Europe, 4 Feb 2011.

From the terms of reference and background policy publications, the following deliverables
for this orientation paper were derived:

Orientation paper not an in-depth study

Best practice in innovation (what works) & quantitative indicators
Practical approaches to help improve the state of the art

Practical measures to create a common EIA (European Innovation Area)

Areas where more detailed work is needed plus ways to deliver it

The EAG elected to factor in the continuing difficult economic climate and the requirement
by both member states and the EU to ensure best use of funds through programme synergy.
The focus of this paper is to provide maximum support to for large industry and SMEs in the
Innovation Union flagship initiatives for Europe 2020. Grand challenges are dealt with
elsewhere and are not part of this paper. Arguably, the best way to accelerate progress with
these is through greater success of its industrial companies and SMEs.

2. Europe 2020 -Innovation Union 10-Point Action Plan

From the reference documents and President Barroso’s presentation the following action plan

emerges:

1. Invest in Education, R&D, Innovation and ICT

2. Tackle fragmentation, EU and national research and innovation systems
3. More world class universities and attract top talent from abroad

4. ERA for researchers and innovators complete in 4 years

5. Simplify access to EU Programmes

. Enhance leverage of private sector and EIB funds

. ERC role should be enhanced

. FPs support to SMEs must be boosted

. ERDF should be used to boost research & innovation capacity across Europe
6. Closer cooperation between Science & Business must be enhanced

7. Remover barriers for Entrepreneurs

Access to finance for SMEs
Affordable IP
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. Faster/better standards setting

. Strategic use of EU procurement budgets

8. Launch European Innovation partnerships to accelerate innovation & tackle grand
challenges

9. Better exploitation of Europe’s design and creativity (Inc. public sector)

10.  Better collaboration with international partners (C.f. Open Innovation)

This orientation paper addresses points 2, 4 5, 6, 8 and 10 directly. Other action points are
dealt with by the EAG’s other 5 orientation papers. .

3. Who Delivers Innovation?

According to Schumpeter”, entrepreneurs drive disturbance of stationary state economic
cycles and cause economic development through innovation. This paper examines innovation
processes at 3 levels where actors working interact to have a critical impact on the success of
the whole innovation ecosystem within which they co-exist (Figure 1):

Figure 1 3-Level Innovation Ecosystem and its Actors

Industrial Growth
Jobs

EU & MS Synergy

Value for money

EU Policy Level

Inventor Value (€)

Entrepreneur

)

¥

Capitalist Speed ¢
\

Manager

“Agentic” Level Company Level
(individuals)

Innovation, whether by products, processes or services, is delivered at the primary level by

individuals (Agentic Level). The 4 actors or roles described, namely the inventor,
entrepreneur, capitalist and manager, are at the core of all innovations.
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At the next level up, companies create innovative organisations to support the primary agents.
Their objectives are to develop and grow their respective businesses through innovations in
products, processes and services. But to be truly competitive their business innovation
processes must maximise financial returns and speed to market whilst minimising costs and
business risks of their innovation processes. To achieve these objectives they recruit, develop
staff with these competences. In some companies, particularly SMEs some individuals are
capable of operating at a high level in more than one of the 4 roles.

At the tertiary levels, actors at the EU and member states policy level seek to maximise
growth, jobs, synergy between the EU and member states and value for taxpayers’ money.
The 3 innovation levels (agentic, company and policy) are also known as micro-, meso- and
macro-levels in the socioeconomic literature.

An integrated European innovation system needs to develop individuals in the 4 agentic roles
and arm them to innovate and develop new businesses or socially beneficial services that are
globally competitive.

4. Initial Scan of Best Practice

To stimulate the successful translation from it is essential to bring together industry and
academia in an active way. The conventional, linear, model of interaction between academia
as ‘knowledge provider’ and industry as passive ‘knowledge buyer’ in general does not lead
to successful innovations. The Dutch Centre for Translational Molecular Medicine (CTMM,
see www.ctmm.nl) is an example of a Public-Private Partnership in which industry (SME’s
and large companies) contributes through in-kind participation, by contributing researchers
that work side-by-side with academic researchers in the projects. Participation of clinicians
and of societies that represent patient groups provides excellent boundary conditions to ensure
the development of meaningful innovations in healthcare.

During the last decade there has been a growing recognition the importance of open
innovation, particularly by large manufacturing companies operating in fields where the pace
of emergent technology generation is fast. There are always more ideas and technologies
created outside an organization than within. Hence, the challenge is to find ways to access the
best and most relevant for you organization. Application of learning from the Guidelines for
Successful Open Innovation as published in the Handbook on Responsible Partnering (see
www.responsible-partnering.org ), ensures optimal preparation and execution of Open
Innovation projects. An approach to generation and exploitation of Intellectual Property is
presented, which provides adequate rewards to all contributors. Suggestions are made for
effective implementation routes, engaging all stakeholders, but also taking advantage of novel
business models and alliances.

Many examples of modern good practice have been observed across the European Union and
beyond. The majority have been based on open innovation and in a sense from FP6 through
the creation of the European technology platforms (ETPs), joint technology initiatives (JTIs)
and more recently in FP7 the public :private partnerships (PPPs), Europe has been creating an
environment wherein open innovation eco systems would be encouraged. Section-5 below,
describes the theory of open innovation and 3 types of models of emerging best practice in
Europe

50



5. From Open Innovation to Co-Creation

The basic concept of open innovation has been described by Chesbrough et al™. It describes a
classical innovation funnel of ideas to development to commercialisation modified to enable
technology, intellectual property (IP), processes and products to be and to be in-sourced or to
be licensed out as IP or in spin-out companies.

Figure 2 Classical Open Innovation Model
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Many leading EU and US multinational companies have developed open innovation models
within their strategic plan and management systems. It is seen by leading pharmaceutical
companies as a means of accessing more and better ideas and IP for new active
pharmaceutical ingredients (APIs) at a time when the cost discovery of classical crystalline
small molecule drugs is soaring but the success rate through the pipeline to development and
clinical application has fallen to an unacceptably low level. More recently, the European
technology platform — ETP Nanomedicine has identified open innovation as essential for
bringing novel nanomedical devices from the laboratory to the patient, driving it towards a
requirement for NMP FP7 Nanomedicine calls for proposals.

In practice, the world has moved on from the basic concept in Figure.2. The successful and
rapid creation of meaningful solutions that really contribute to meeting the needs of citizens
can only be achieved when all stakeholders contribute to the ‘co-creation’ of useful products.
The starting point of the co-creation process is to gain deep insights into people’s needs and
aspirations by following a process requiring end-user input at every stage. For example, for
healthcare products this requires intensive interaction with both patients and care providers.
Subsequently, the insights are transformed into innovations by combining the diverse
perspectives of different disciplines, and by actively engaging the users in product
development. Thus the implementation of the solution is accelerated by considering the mode
of implementation (e.g. workflow, business model innovation) and by involving all
stakeholders: users, payers, regulators etc. Co-creation is an approach to innovation in which
partners are brought closely together in a spirit of Open Innovation, not only conducting joint
research, but also joint development, joint evaluation, and joint validation of novel products
and solutions.
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A number of different open innovation models have emerged within Europe that are showing
promise as best practice for the industrial sectors served by NMP:

o Large industry model
J Regional Industry-led “Open Innovation” Centre Model
J Regional University-Industry “Open Innovation” Centre Model

All 3 offer distinct advantages for both large industrial companies and SMES. The first
naturally favours large innovative companies. The two regional models are particularly
effective in providing a range of support measures for emergent technology SMEs. New
measures are needed within the common strategic framework (CSF) for 2013-2020 to
consolidate what has been achieved and roll out best practice across Europe and industry
sectors.

5.1 Large industry model

Leading European based multinational companies have developed excellent examples for
their sectors: (e.g. Intel, Bayer, BASF, Evonik-Degussa, Philips, GE, GSK, UCB, Roche
etc....). Many of these companies have published some details of their respective open
innovation ecosystems. Models applied by large, multinational, companies are strongly
dependent on the particular industry in which they operate. For example, Philips, a company
active in the area of health and wellbeing, it is essential to develop products and solutions that
address real and unmet needs of the users, patients, care providers, consumers. For
applications in Healthcare, regulatory and reimbursement demands must also be met. Creation
of innovative solutions in health and wellbeing requires collaboration of partners contributing
expertise from different disciplines, bringing together academic and industrial partners, but
also all the other stakeholders involved. To create a product in general the contributions of a
number of companies are brought together: companies coming from different disciplines,
component and intermediate product manufacturers, acting as suppliers, system integrators,
and providers of the final solution, which may be a product, but also a service built around a
product. Solutions need to fit in the workflow, or in the way of working in the application area
concerned. This approach used for the development of innovative solutions is called ‘Co-
Creation’.

5.2 Regional Industry-led “Open Innovation” Centre Model

Typically these are based (but not exclusively) near a major industrial company and supported
by regional or national development funds. They provide open access to high technology
pilot plant scale facilities. They have strategic partnerships with major industrial players and
create or support SMEs and are themselves operating businesses.

A detailed case study of best practice is:

a. High Tech Campus (HTC) Eindhoven (Hotspot for People Focused Innovation
co-located with Philips innovation engine).Ten years after its establishment, High Tech
Campus Eindhoven is today an R&D ecosystem of more than 90 companies, in a dynamic
mix of multinational companies, small and medium-sized businesses and technology start-up
companies, and institutes, comprising more than 8,000 researchers, developers and
entrepreneurs, who together are working on developing the technologies and products of
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tomorrow. Philips has invested over 500 M Euro in establishing the HTC, Philips Research
added about 100 M Euro to build its unique R&D infrastructure and facilities. The preferred
way of working at the Campus is open innovation. This means that Campus companies share
knowledge, skills and R&D facilities (such as labs, clean rooms and equipment) in order to
achieve faster, better and more customer-oriented innovation. Examples of such cooperation
are exemplified by the open innovation programs of Holst Centre, Centre for Translational
Molecular Medicine, and the shared laboratory and analytical facilities at MiPlaza.

Expertise on the Campus spans a range of disciplines comprising High Tech Systems,
Microsystems, Embedded Systems, and Life Sciences. Taking these domains as their starting
point, the residents of HTC create global innovations, most notably in the application field of
life technologies, creating solutions in Healthcare. The nearby site of Philips Healthcare in
Best accelerates the product creation process. The Campus is a place where creativity,
entrepreneurial spirit and high-end research can flourish and lead to successful global
business. Innovation services, offering access to entrepreneurs, HRM facilities for flexible
talent, legal and IP support, venture capital, experts on quality and regulatory affairs, and of
course access to venture capital, create an optimal ecosystem for SME’s and start-up’s to
grow into successful companies. Located at the heart of Europe’s leading R&D region, High
Tech Campus Eindhoven is the Hotspot for People Focused Innovation.

In the recently published study executed by Buck Consultants for the Dutch Ministry of
Economic Affairs the High Tech Campus has been singled out as a mature Campus of
national interest. The European Institute of Technology has chosen to establish the
Knowledge and Innovation Centres ICT Labs and InnoEnergy, integrated partnerships,
bringing together excellent higher education, research and business, at the HTC

Other outstanding examples are:

b. Chem2biz (www chem2biz.de) based at BASF site, Ludwigshafen, DE.
Specialises in nanotechnology, new materials and bioprocessing.

c. Chemelot (www.chemelot.nl) based at DSM’s site, Limburg, NL. This is a large
site with 18 R&D companies, 15 running businesses, 10 start-ups and 76 service
providers.

d. MINATEC (http://www.minatec.com/en/minatec) has been created by LETI

(CEA’s Laboratoire d'Electronique et de Technologies de I'Information) and
INPG (Institut National Polytechnique de Grenoble), and is a large "open
innovation campus" specialising in micro and nanotechnologies, green energy and
Nanobiotechnologies for healthcare and industry. Its partners are global. It has
alliances with 12 leading EU universities, 6000 researchers, 5000 industrial jobs,
5000 students and creates ~5 spinouts per year.

e. Centre for Process Innovation (www.uk-cpi.com) based at former ICI site, UK
specialising in bio-processing, printable electronics and carbon capture. It has
some 6 industrial companies and 10 SMEs.

f. F3 Factories for the Future (www.f3factory. com) based at Bayer site in
Leverkusen. It has 15 chemical and pharmaceutical companies, 5 research and
technology organisations (RTOs) and 5 Universities.
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With the exception of example d), the above cases are derived from the chemical and
processing industries. Another class of regional large industry-facing open innovation centres
can be identified with similar operational models to the above. These have been derived and
led by world class research and technology organizations (RTOs. Good examples of these
come from the electronics and ICT sectors, such as:

g. IMEC, the Nanoelectronics research centre in Leuven, Belgium (www2.imec.be).
It was founded with a major investment from the Flanders regional government
and partners with the Catholic University of Leuven. It has developed an open
innovation model that has attracted partnerships with global industry leaders e.g.
Intel, IBM, ST Microelectronics and creates and supports SMEs. It is now a
European and global centre of excellence in nanoelectronics research and
fabrication.

h. LETI (CEA’s Laboratoire d'Electronique et de Technologies de I'Information),
Grenoble France (www.leti.fr). It core research platforms are in nanoelectronics,
nanocharacterisation and imaging but it has diversified into design,
nanobiotechnology and clinical technologies.

There are many other good examples across Europeiv. They are European centres of
competence of strategic importance to NMP and operate globally. They are good examples of
measureable best practice.

A key question to address is: Where are the strategic gaps that EU, national, regional and
industry funding could lead to the creation of new EU open innovation centres of excellence
in other sectors and increase their geographical spread?

5.3 Regional University-Industry “Open Innovation” Centre Model

These are Centres for Industrial Collaboration (CICs) and are based on the campuses of
academic centres of excellence, in research areas related to the industry sectors served by
NMP. They are either single centres of clusters of centres and are founded by regional or
national development funds and strategic investments by the universities. They are
professionally managed to become self-sustaining business, many of which are or become
spin-out SMEs themselves working for and with the campuses of their parent universities,

They serve large companies and SMEs on a fee for access basis but are particularly attractive
and for SMEs for access to latest technology but also for networking with SMEs and large
industry partners within their respective open innovation models. They also facilitate new
spinouts from universities and provide access to leading academics’ knowledge in a painless
for both entrepreneurs and academics.

Typically they offer:

. Contract R&D using latest science and facilities

. Consultancy with top level academics

. Contract C&M and standardisation for new materials and devices
. Venture Capital support
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. IP Development
. EHS support
. Networks for sharing best practice & new business partnerships

An initial survey indicates there may be quite a number of these. Examples are given below
in Table 1.

Table 1

Examples of Regional University-Industry “Open Innovation” Centres

Country Universities
UK 6 Yorkshire Universities (13 CICs)
Poland Silesian U of Technology
Germany 2 Hamburg Universities
Italy 4 Veneto Universities
Spain UA Barcelona + 3 Institutes
Estonia 2 Tallin Universities
Finland Tampere University
Israel Various (Driven by SMEs)

Further research is needed to identify the range of such CICs. Some clustering may make
sense, against the 3 pillars of N, M & P and KETS. An example of such a cluster might be
“Nanofoundries”. Whilst they deliver support to regional SMEs, their industrial partners are
global and their SMEs operate globally. Like their regional Industry-led “open innovation”
centre cousins they too are capable of being European centres of competence and operating
globally

Key questions to consider for Model-3 are:

a. Strategic gaps where EU, national and regional funding could support the creation
of new EU centres of competence?

b. How to increase their geographical spread?
C. Creating networks to spread best practice across Europe?

The issue of European regional funding is important as it might be a critical component for
creating new centres of competence for both models b) and c). The start-up costs for model c)
are much lower than for b) and are particularly suitable for increasing the geographical
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diversity of model c) across Europe. The ERDF was not designed for this purpose and is not
suitable in its present form to support either model.

6. Accelerated Radical Innovation (Practitioner Tools)

Recently, Dismukes et al” have introduced a set of practitioner tools for reducing the time to
market for emergent technology. These authors describe this process and tools as Accelerated
Radical Innovation (ARI). It is based on the principles of Open Innovation, both theory and
practice, described in Section 5 above. It is especially suitable for periods of rapid change in
scientific knowledge and the emergence of new breakthrough technologies. Its practices are
built on the experience of previous periods of rapid technology change such as the emergence
and development of the internet, cellular communication revolution and the use of gene
amplification" in shortening the human genome project from 200 to 20 years.

By harnessing the agentic competences of the inventor, the entrepreneur and the manager, it
seeks to create a 10x force principle for a given technology opportunity (i.e.. reduce time to
market and cost of development by a factor of 10-fold relative to conventional industrial
project management processes, without decreasing probability of success or increasing market
risk of products introduced.

It employs a 10-step innovation process broken down into Inception and Implementation
processes that are well-suited to technological and industry sectors served by NMP where
targeted investment in nanotechnology, advanced materials and production technologies for
factories of the future by Europe and its global trading block competitors has led to
unprecedented opportunities for convergent technology products and processes.

Open innovation increases the probability of finding better key technologies and stimulating
creativity for innovative products and services earlier. Accelerated radical innovation moves
them to commercial and societal application faster and at lower cost and risk

With further development, the approach could be adapted to include the fourth key agentic
actor, i.e. the capitalist or financial agent, and innovative new business and supply chain
Factories of the Future'","" could be included to strengthen the importance of the “manager”
role at the agentic level.

In summary, ARI approaches are attractive for accelerating the development and exploitation
of all 5 key enabling technologies (KETs) identified in the Europe 2020 vision. It is also
suitable for delivering convergent technologies, e.g. nano-, bio-, info- technologies together
with new cogni-science (NBIC). Further work to develop the manager and investor agentic
roles within the ARI practices could increase its usefulness to NMP stakeholders.
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7. A Strategic Gap? Management Research and Training

Management of Innovative Emergent technology Manufacturing Businesses
“...."Manufacturing management research and training has declined in Europe’s
business schools in the last 10 years. Professors tend to be > 50 years old and
many will soon be retiring”.....

....... British Academy of Management survey (2009)

The observation above, by the British Academy of Management™ suggests a fundamental
weakness in Europe’s ability to deliver the promise of its investment in manufacturing
research and innovation as represented by the current €3.5 billion FP7 NMP programme, the
forthcoming EU 2020 Innovation Union flagship initiative and its KETs. The origins of the
problem may lie in the growth and complexity of banking and financial services within the
economies of many of the developed countries. This in turn stimulated social science,
economic research and MBA training for the new international finance, banking and service
industries amongst Europe’s business schools, and the concomitant decline in importance of
management science for manufacturing industry.

Urgent action is now required to address this imbalance. A current Marie Curie Initial
Training Network (www.manetei.eu), illustrated below in Figure 3, may be a relevant source
of ideas and a demonstrator project, for how this important challenge could be addressed. It
specifically addresses the entrepreneurship and management of manufacturing businesses
built on emergent nano-, bio-, info- technologies together with new cogni-science (NBIC).

Figure 3
Marie Curie ITN ManETEI

(Management of Emergent Technology for Economic Impact).
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Currently, it is entering second year of a 4 year programme, this initial training network
addresses the management challenges and entrepreneurship at the agentic, company and
EU/member states policy levels. It deploys a wide range of social, management and economic
research and training methodologies including case studies, statistical methods and
quantitative modelling of social and economic impact. It may help inform follow up work of
this orientation paper and could provide an evidence base for informing future investment in
world class MBA and business management doctoral programmes in emergent technology
manufacturing and innovation, networked across Europe.

8. A Strategic Opportunity — Importance of ERC Research to NMP Innovation

A grounded theory analysis™ of all FP7 European Research Council (ERC) grants, at Starting
and Advanced Investigator levels in the research domains of closest interest to NMP was
undertaken™. The purpose was to test the hypothesis that this population of investigator-
driven research programmes led by the Europe’s elite researchers might provide evidence
based and better longer term indicators of technology trends of importance to NMP than
traditional forecasting methods.

Figure 5a) revealed a number of important clusters. It confirmed the 5 KETs selected for the
EU 2020 Innovation Union Flagship initiative and the importance of the EAG’s orientation
paper covering the KETs. It revealed some subgroups such as catalysis that may need more
attention in NMP policy development. It also confirms the importance of metrology (and by
inference, standards) and the need for the EAG’s orientation paper on this topic. The
importance of Europe’s need for breakthroughs in energy, environment, its digital economy,
transport and health is also reinforced.

An interesting additional observation emerged when 8 of 45 ERC Advanced Investigator
Grant holders, selected at random from the 8 largest clusters, presented their research to the
NMP EAG in Brussels on 4 November 2010. Half of them had led cooperative projects in
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framework programmes, had strategic partnerships with large industry and were involved
with spinout companies based on their research.

Figure 4 Analyses of all FP7 ERC Advanced & Starting Grants (2007-2010)
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Figure 5b) is significant for a number of reasons. This analysis examines all the relevant
physical science (PE) and key life science (LS) and interdisciplinary (ID) panel. No a priori
assumptions were made regarding nanotechnology being a cluster or a KET or in the cluster
analysis in Figure 5a). However, with 75% of all grants involving nanotechnology to a greater
or lesser extent, it is clearly a very significant enabling technology in its own right and is
incorporated into a diverse range of emerging advanced materials and device technologies.
Hence it should continue to receive strong support in the EU 2020 Innovation Union flagship
initiative separately for basic nanomaterial innovation but also in conjunction for future
advanced materials for the supply chains of a diverse range of industrial sectors.

Given the results in Figure 5b), and the >€100 million invested during FP6 & 7 in
nanomaterials environment, health and safety (EH&S) research it is surprising that there have
been no ERC awards in this very important area of research. Given the continuing public,
political and industrial interests in ensuring EH&S safety of nanotechnology, there may be
case for strategic funding of world class independent investigator driven research in this field
for NMP and the Metrology and Standards community to consider?

In summary, we recommend that NMP improves upon our feasibility study to data mine ERC
projects regularly for early indications of future emergent technologies to be supported by
NMP and identify specific science and technologies for rapid translation via accelerated
radical innovation processes. Lastly, consider stimulation of ERC research in nanomaterials
EH&S. In this way NMP best innovation practices can make an important contribution to
Action Point-5 in the Innovation Union plan, concerning enhancing the role of the ERC.

9. Death Valley

The use of Technology readiness (TRLs) provides some clues to understanding and solving
the Death Valley problem. Historically, EC and national public funding research has targeted
academic research and pre-competitive R&D taking technology or service innovation from
ideation and research up to precompetitive development TRLs 5&6 (see figure 5.

Figure 5
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Death Valley occurs, for both large companies and SMEs; if there are insufficient funds take
move the technology into the zone TRL’s 7-9. Existing funding instruments are adequate for
TRLs 1-6. New instruments such as the public-private- partnerships (PPPs), a major feature in
the upcoming Innovation Partnerships in the EU 2020 Flagship Initiatives (2013-2020) will
need to move from their position to the left of death valley to straddle both pre-competitive
R&D (TRLs 4-5) and competitive industrial innovation. (TRLs 7-9) as indicated by the arrow
in Figure 5.

In making adjustments to PPPs in order to make this move innovation downstream to market,
a number of critical issues will need to be tackled:

9.1 Funding the competitive component: Different solutions will be needed for
incentivising large industries and SMEs

9.2 Public procurement: In some specific sectors, where large first in class fabrication
plants need to be designed and engineered for manufacturing complex devices on very large
manufacturing scales (e.g. next gemeration nanoelectronics ICT or energy devices) the
introduction of new public procurement processes are needed overcome death valley in these

xii

sectors and ensure Europe remains competitive and jobs are remain in the Union™ .

NB: The critical issue is ensuring a level playing field for Europe in the competition with SE
Asians states and elsewhere..

This subject is discussed more fully in the EAG’s Key Enabling Technologies orientation
paper
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9.3 Intellectual Property: Additional protection will be needed for the competitive
component. Acceleration of a simpler, faster, cheaper and more competitive patent system is
strongly urged

10. Other Areas Affecting Innovation Best Practice

The following four areas have been addressed in 4 specific EAG Orientation papers:

a. Standards & metrology

b. Environment, Health & Safety risks and costs for nanotechnology
c. Simplification & SMEs Related Issues (EU patent system)

d. Interactions Academia &Industry

They need to be addressed to remove potential innovation road blocks and widen of best
practice in innovation across Europe.

Standards and Metrology: Specific measures needed are as follows:

. Europe has world class national metrology institutes (NMIs). But the Article 185
European Metrology Research Programme (EMRP) ends in FP7. A new pubic: public
investment programme for EU metrology and standards research is needed for the
next framework (CSF)

o Europe has world class standard bodies (CEN/CENELEC). Measures are needed in the
CSF to accelerate EU standards generation.

. China is a rising force in standards and metrology. A European strategic plan is
needed in the CSF to deal with opportunities and challenges of this development.

Nanotechnology Environment, Health & Safety: Europe EU/MS invests ~€ 2 billion/year
(33%/67%) per year in nanotechnology research and innovation. NMP has created an
innovative €102 million portfolio of world class research in the new sciences of nano
Environment, Health & Safety (EHS). This is a demanding new and complex area of research
still in its infancy. With the size of the annual investment in nanotechnology by industry, the
EU, Member States’ governments, regulatory bodies and citizens, there is considerable
pressure on this new research community to provide guidance to all stakeholders to enable the
Union’s nanotechnology innovation processes to power ahead, knowing that products and
devices are safe through to end of life. Specific measures are needed to:

. Maintain the nano EHS research momentum achieved by the current NMP
Directorate in the next framework

. Bring forward necessary infrastructure investments in the next framework to
build public and industry confidence together with regulation to keep out unsafe
imported products

o Accelerate socio-technical integration research with public engagement for

responsible nanotechnology management
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11. Funding Instruments and EU & Member States Synergy

Industry urges caution regarding the introduction of new funding instruments. Any new
instruments will need justifying by a business or economic case. Removal of redundant
instruments is recommended where possible.

No new instruments are foreseen for TRLs 4-6. However, modifications to PPP’s should be
explored to gain momentum in to TRLs 7-9. For large companies, these may range from
R&D tax credits or EIB support to consortia. For SMEs these may credit lines, grants or other
instruments. The role of ETPs will be important as they will change from being ‘advisory’ to
‘executing’ in the development of the PPPs and their migration to straddle Death Valley in the
upcoming common strategic framework and thus will have a critical role developing emergent
technology areas?

Regarding other Instruments, STREPs and IPs remain relevant and could be used to tackle
technology roadblocks within PPPs or accelerate progress with emergent technology.
Networks of excellence such as the ERA-Net and ERA-Net+ have proved their worth in FP4-
FP7. In particular, in the area of NMP’s responsibility for standards and metrology, these
instruments were used across frameworks to develop the ambitious €600M European
Metrology Joint Research Programme, funded by an Article-185 public ; public partnership
between the EU and member states.

EU & MS synergy needs more work. They increase funding availability but increase
complexity, exclude less favoured MS and delay innovation.

12. Engagement with Venture Capital

Recent research™ has shown that the larger Venture capital organisations tend to be located
in a few EU Financial centres such as London, Frankfurt and Paris and that their connections
to investment opportunities in the regions are weak. In consequence, innovators and
entrepreneurs whose research or businesses residing in the regions have to work
disproportionately harder than their counterparts located near the few cities where the bulk of
the venture capital groups are located. There are a few examples of best practice of best
practice in amongst all three open innovation models (GSK, Chemelot and IP Group
respectively), where some venture have taken up regional residence. Learning from these
leaders could help SMEs solve their Death Valley problems.

13. Recommendations

The very nature of the best practice in innovation discovered within Europe during the
preparation of this orientation paper suggests a total system approach is needed. Thus, co-
creation of new products and services via open innovation by large companies and SMEs,
must be tackled alongside and addressing the Death Valley problem.

13.1 Large company model Open Innovation model

Move key instruments PPPs, JTI, Innovative Medicines Initiative to straddle
Technology Readiness Levels TRLs 4-5 & TRLs 7-9.

13.2 Regional Industry-Led Open Innovation Centre Model

62



Create PPPP models (inc EIB) to fund flagship centres with critical mass for game-changing
technologies. Specific support is recommended to:

a) Identify regions and technologies where new opportunities exist
b) Set up public procurement PPPP process to roll out new centres across Europe
13.3 Regional University-Industry Open Innovation Centre Model

Stimulate the creation of European Centres for Industrial Collaboration (ECICs) at academic
centres across Europe with proven track records in NMP science and technologies. The
following process is recommended:

Phase-1: Demonstrator project, business plan and foundation network.
Phase-2: Roll out of concept to regions across Europe to complete the network.

NB: The funding model should be designed to create a self-financing and sustainable network
or clusters of networks

13.4 Death Valley for SMEs

For fast moving innovative SMEs creating new businesses and markets, a European
Innovation Council (EIC) should be created on a similar basis to the ERC. Whereas, the latter
supports excellence in investigator-driven projects, the EIC would support excellence in
innovator-driven projects. In much the same way as the ERC, an annual bottom-up “best of
the best” competition should be established.

NB: Detailed work on sources of funds, mentoring of entrepreneurs and mechanism for return
on investment from successful SMEs to the EIC will be required.

13.5 ERDF is “not fit for purpose” for Open Innovation Model-3 (ECICs)

Create a European Regional Innovation Fund (ERIF) for supporting the development of the
European Centres of Industrial Collaboration.

NB: The fund could also support the Regional Industry-led Open innovation centre model but
needs to be more business impact focused with much lower administrative burdens than
the ERDF

13.6 Engagement with Venture Capital

A special study is recommended to explore ways of making more effective connections
between the larger venture capital groupings located in the EU’s leading financial centres with
those associated with best practice in Open innovation models -1, -2 and -3.

13.7 Capacity Building in Elite Business Schools

A number of measures are recommended to reverse the decline in research and training in
Europe’s business schools for future entrepreneurs and executives emergent technology
businesses:

a. Increase funding for further research and PhD training (SSH)
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b. Stimulate professional doctoral training centres across Europe in emergent
technologies at elite European business schools for highest quality innovation
management research and practice training.

c. Phase-1 funding to create foundation network of elite business school research &
training
d. Phase-2 funding to roll our best practice across Europe.

NB: The above should be developed via a 2-phase programme with support from the
European Institute of Technology (EIT) to bring the EU’s elite business schools up to
the level of the world’s No I centre (www.wharton.upenn.edu).

13.8 Measurement, Modelling and Forecasting impact

A review of best of practice and current research in determining both the economic and
societal impact, including spill-overs, of research and innovation programmes should be
conducted. It should lead the development of new tools for measuring the effectiveness of
NMP (ET) research and innovation processes at the programme and macroeconomic levels

13.9 Technology Forecasting

A process should be developed within the Commission’s Research and Innovation
Directorates to build on the EAG’s ERC pilot cluster analysis study to undertake periodic
reviews of future ‘hot areas’ of technologies and likely trends that could enter the research an
innovation in the next framework

13.10 EIT Knowledge & Innovation Communities (KICs)

At the time of writing there is a proposal for a future KIC to be established in Advanced
Manufacturing The EAG is willing to work with the EIT to assess the feasibility of
establishing NMP KICs possibly in conjunction with the its proposed open Innovation models
-2 &-3 and relevant PPPs.
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III. Simplification and SME Involvement
Carine Moitier, with the NMP Expert Advisory Group
Foreword

This paper refers to the following documents:

. European Experts Panel on SMEs — Measures to foster SMEs’ participation in R&D&I
activities and synergies promotion in support of innovation and SMEs — still under
redaction

. Commission Decision of 24™ January 2011

o Un pas vers une plus grande sécurité juridique et financiere des projets du 7eme
programme-cadre ANRT-Europe December 2010

. Interim Evaluation of the Seventh Framework Programme — Report of the Expert
Group - Final Report 12 November 2010

° Communication from the Commission to the European Parliament, the Council, the
European Economic and Social Committee and the Committee of the Regions — 29
April 2010

Further to those readings, this paper is nourished from personal experience as a micro SME
entrepreneur having contracted with both regional as well as European research projects. This
evaluation report focuses only on recommendation aspects of the EU grants, not on the global
picture including other aspects like regional or national programmes, venture capital,...

Introduction

While it is important to retain stability in much of the FP and to avoid disruptive changes to
procedures with which the research community has become familiar, there can sometimes be
reasons to change tack. The severe financial and economic crisis has given us a new world
full of opportunities to tackle with in an open Internet environment helping our everyday life.
The world is changing faster and faster, there is a need to be more agile, flexible,
entrepreneurial, quick to create added value for the final European consumer.

Today competition is moving from products to eco-systems1 and European research projects
help companies, in particular SMEs contribute and be part of such eco-systems.

Research, Innovation and Science Commissioner Maire Geoghegan-Quinn said: “Our
proposals aim to minimise administrative burdens in Europe’s research programmes. We need
to get the best researchers and most innovative companies taking part and we need to enable
them to concentrate on results, not red tape. That will boost Europe’s economy and quality of
life. In particular, we must encourage more SMEs to join in. I believe this can be done
without compromising financial control. We are asking the other EU institutions for support
to achieve this.”

The Definition of a European micro SME as it is today

“Small is beautiful”, small is agile, flexible and reactive but also financially fragile. In
Europe most of them are family business “vivons heureux, vivons cachés”. They do not want
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to share with others nor their know-how nor their figures. They have an independent spirit
working in a “commando” way having light and concrete meetings. They are talented people
more focusing on doing. They are working nights and days to make a successful business or
stay alive in this extremely competitive open market. Often, they do not take enough time to
get a strategic helicopter view. Entrepreneurs in micro SMEs are “all-round” people dealing
with any kind of task from making new customers, recruiting people, cleaning the room,
accounting figures, ...they are also their own advertisers as they do not have big Marketing
budgets to spend.

They are very pragmatic people. More and more know that innovation is key in a world where
you need to bring real added value for the final European citizen. But the way to innovation is
quite a long journey: innovation becomes riskier, more costly and is needed already for
yesterday. If they fail, there is a huge risk to die and eventually start again. Cash drain is the
main concern at the end of each month. Entrepreneurs pay themselves very lightly, nothing to
do with big companies CEO salaries which can reach 500X the salary of a company
receptionist. (30 years ago it was X 20). A survey carried out by the European Commission
and the European Central Bank shows that the crisis has hit European SMEs with 51%
indicating that their profitability has decreased over the last six months. On average, 16% of
the SMEs (up from 11% in the first half of 2009) reported an increase in their need for bank
loans. By contrast, the average of large firms reporting an increase in the need for bank loans
remained lower and broadly unchanged. Most SMEs can go bankrupt at any moment.

Mr Elop highlighted the need for Nokia to have a competitive smartphone “ecosystem” that
combines user-friendly hardware, software and services. He added Nokia must “build,
catalyse and/or join a competitive ecosystem” S.Elop, Nokia CEO, FT 27/1/11 @
http://www.ft.com/cms/s/0/255a8506-2a07-11e0-997c-00144feab49a.html#axzz1 Dr28PY vt

The Definition of SME adopted by the European Commission

SMEs comprise 99% of all companies in Europe and a high share of total employment
estimated at around 65 mio. They are the primary source of net job creation in Europe. They
are performers of research, especially in some of the leading-edge ‘new’ economy sectors, as
well as consumers of knowledge.

The European Commission’s definition for SMEs is the following: SMEs employ fewer than
250 persons and have an annual turnover not exceeding 50 Mio €, and/or an annual balance
sheet total not exceeding 43 Mio €. Additional conditions for autonomy apply.

The concept of SME includes micro, small and medium enterprises; nevertheless it is clear
that the positioning, priorities and even financing capacity of a 200 people company is
different from a 10 employee company. This classification could therefore be rethought in
order to serve the different needs of the SMEs under this classification, namely the R&D
needs.

The typical European firm is a micro firm. This is especially important taking into
consideration the weight that SMEs have in European economy, being a major job engine for
Europeans. Within the non-financial business economy enterprise population, almost 92%
are micro enterprises, having a staff headcount of less than 10 but being responsible for
29.7% of employment. About 1% (226.000) of enterprises are medium-sized. Further more,
we understand that 54.6% of the people employed in the R&D sector are working in SMEs.
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This scenario shows a tremendous contradiction with respect to the participation of SMEs in
the cooperative research programmes, as they participate below 15%.

Involvement of Industry and SMEs today

The Framework Programme has to cover the whole innovation process from basic research,
applied research to market relevant demonstrators. Companies are the major drivers in
bridging the gap between research results and innovation. Yet, despite the acknowledged
importance of both large companies and SMEs in this role, industry participation, whether
as a share of funding or number of participants, has been declining continuously for 15
years. As figure 7 shows, it fell from 39% in FP4 to 31% in FP6 and currently accounts
for only 25% in FP7. In essence, the cash is not the main reason for large companies to
participate. Rather their motivations are primarily to gain access to trans-national R&D-
networks, knowledge creation, idea generation, and strategic partnering for long term
cooperation and pre-standardization.

Figure 7 Participation by stakeholders
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Source: European Commmission, Second FP7 Monitoring Report, October 2009.

Today it is recommended that SMEs represent 15% of the participating entities. This number
is only a recommendation not a target and it is actually less than 15% according to the Mid
Term Report on SMEs’ participation in the 7" R&D Framework Programme. Nevertheless,
SMEs are most prominent in the nanotechnologies and new materials, and the security sub-
themes of Cooperation. Provisional data suggest that SMEs will exceed the 15% target for
participation in JTTs.

The average success rate of SMEs applicants is 17%, compared to 20% for all
applicants, pointing to a higher rate of wasted effort by SMEs which could be a deterrent to
their engagement according to the Third FP7 Monitoring report.

Unfortunately there is no data available about the innovation power of SMEs that have
taken part in FP7, nor the extent to which projects in FP7 have resulted in the creation of
new high-tech firms. Nevertheless, figures from FP5 showed that SMEs innovate 4 to 6 times
more for each € grant received. FP6 datas will soon be available.

Recommendations to boost SME participation
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To increase the participation of industry and SMEs the Commission must reduce the
administrative burden significantly and the arbitrariness of auditing practices. The
Commission should create a flexible, lightweight and well-defined form of sub-contracting or
associate partnership for SMEs. More effort should be devoted to achieving greater impact
regarding innovation, in stimulating the participation of industry and SMEs, and in focusing
on the whole innovation process. Without addressing these challenges rapidly, future
Framework Programmes are unlikely to fulfil expectations of their contribution to innovation
in Europe. Moreover, the Commission has to switch from a low-risk, low-trust attitude to
a more trust-based and risk-tolerant approach conform the everyday life of an SME
today. This is the approach taken by the widely praised SBIR programme in the US.

Smaller variety of funding rules

Over 25 years, the EU’s Research Framework Programme has expanded significantly in terms
of scope and budget. (In 2009, EU research funding represents 7.5% of the overall public
funding in Europe). This results in more participants and a need for more controls to ensure
that the EU funds are spent correctly. To achieve this, a number of different rules and
administrative procedures were developed, but participation in EU-funded projects became
complex. Multiplying checks under complex procedures is not the best way to achieve value.
It is time now to restore trust and simplicity which will also conduct to save time and money
as well as be more effective. As background information on the Commission side, the cost of
implementing the Research Framework Programme was about 267mio € in 2008.

According to a submission to the Interim Evaluation Expert Group, there are 700 new rules in
FP7, and even if there is some exaggeration in this figure, it is hard to square with a
simplification agenda.

The following shopping list is a summary of what should be done:

No ex-ante financial capacity checks to ease participation of SMEs and high-tech start-
ups. According to the Commission, today 80% of FP7 participants are already exempt.

Exemption of certificates on financial statements to be provided with periodic cost
claims. According to the Commission, today 75% of FP7 participants are already exempt.
This will save tens of millions of euros compared to FP6.

Maintenance of a single registration facility. Nearly 22.000 entities are already registered.

eFP7 should be intensified with improved IT tool and guidance as well as helpdesk
especially focusing on newcomers. There are still too many problems with IT tools , and
poorly harmonized application, the current use of different systems is confusing and complex.
Access to the programmes and preparation of proposals are still too difficult, in particular for
SMEs.

Time to grant (TTG) for micro SMEs should follow the same model as ERC’s “time to
grant” of less than 20 days on average comparable with major funding institutions such as
National Science Foundation (NSF) and the National Institutes of Health (NIH) in the United
States. For other SMEs types, that time should be of 47 days maximum as the actual FP7
minimum see Table 2 hereunder.
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s
Table 2 Time to grant in days for FP7 grant agreements signed in 2007-2009 by
thematic area (as of May 2010).

SPECIFIC

PROGRAMME THEMATIC AREA GRANTS

STD

MINIMUM MEDIAN MEAN MAXIMUM

Health 379 96 417 438 B804 126
Food, Agriculture and Fisheries, and 144 282 450 448 650 a5
Biotechnology

Information and Communication 820 178 248 252 AG6G 41
Technologies

Materials and new Production 244 180 401 394 609 i
Technologies

Energy 149 63 338 337 544 103
Environment (including Climate Changa) 181 a7 530 493 851 108
Transport (including Aeronautics) 261 223 541 525 926 104

Socio-economic sciences and 110 223 429 432 782 115
Humanities

T 25 a4 533 478 724 150
Security 60 226 556 530 929 194
General Activitles 19 1z 374 324 493 138
ERC 835 160 318 314 602 69
Marie-Curie Actions 2634 122 322 324 650 96
Research Infrastructires 150 127 365 372 641 119
Research for the benefit of SMEs 248 177 443 456 749 101
Regions of Knowledge 42 234 306 333 589 o7
Research Potential 102 239 358 353 469 53
Science in Society 79 56 386 370 573 124
Support for the coherent development of 12 53 225 g 38 28

research policies
Activities of International Cooperation

Source: European Commission, Third FP7 Monitoring Report (Monitoring Report 2009)

In most cases, at national and regional research programmes level, the financing is given long
after the project has started which is worse than the EU FP7. You would have expect the
opposite situation here. This is one of the biggest obstacle for SMEs to join the European
Research.

Furthermore, at EU level, pre-financing payment is made at the start of the project
corresponding to 80% (in FP7 for example). Therefore, the implementation of similar rules
should be applied to national and regional research programmes in order to stimulate SMEs
participation. Given the current economic situation, the recommendation would be to offer a
pre-financing payment of 100% as a mean to attract more SMEs to R&D.

Schedule of calls and topics: calls with larger topics or open calls with cut-off dates to
shorten the time to the next funding application; Structure and timing of calls for proposals
optimization by taking major holidays periods into account. Intensify information prior to call
and give longer periods to form consortia and prepare proposals: increase the time between
call publication and deadline beyond the standard 3 months.

Use a 2-step proposal submission (pre-proposal — full proposal if successful), where only the
best proposals would pass to the second stage, so that SMEs could be better advised and the
preparation effort would only be dedicated to the best proposals. It would be necessary to
avoid even a longer 2-step process that is why the first stage would just be a short SME-
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business needs test, not based on a fully drafted research project proposal. Proposals
proceeding to the second stage ought to have a 30-50% chance of acceptance.

Avoid the need for beneficiaries to set up separate accounting systems. This provides
more legal certainty for beneficiaries and diminishes the risks of errors. The obligation to
open interest-bearing bank accounts and to recover interest on pre-financing would be
removed.

Move from a cost-based funding to a result-based and IPR approach. This step should be
considered in order to really reposition the focus on the results and impact much more than on
the format or costs as it is the case today. A variable bonus grant could be imagined in order
to stimulate excellence of results above excellence of project proposals as well as costs.

Ensure a single audit approach in the research area — A task force has been established by
the Commission to review the coordination mechanisms between the Research DGs. Too high
level of detail is required for audit certificates and the upshot is a “zero-trust” policy. There
should be a coordinated audit management.

Avoid overly demanding reporting obligations, including what appears to be needless
duplication of reporting. Consistency in the application of rules or implementation of
procedures. The main conclusion of a recently completed study for the European Parliament
by Deloitte Consulting is that the manner in which the rules are implemented is more
problematic than the rules themselves.

“Less management costs and more research” within each granted research project. The
focus on reporting and financial issues should move to exploitation of research results.
Difficulties still arise in project management due to heavy reporting procedures and big size
of consortia. SMEs should be able to take an effective head in developing research projects,
also as coordinator if needed.

The possibility to complement grants with loans should be explored. SMEs may benefit
from having access to the 100% of the overall cost of their investment in the R&D projects
(for example: 75% may be direct grants and 25% loans on advantage conditions). The level of
grants for SMEs could also be revised according to the sizing of the SMEs : Micro SMEs,
up to 90% of eligible costs — Small SMEs, up to 80% of eligible costs — Medium SMEs, up to
75% of the eligible costs.

Smaller consortia

SMEs become close to dilution in very large Consortia. SMEs feel extremely isolated and
marginalized when working in large project Consortium, usually forced to take part in this
consortium if they want to be part of the research and innovation activities (usually, there
would be just one project running per year in this kind of large programmes), where their role
and possibility to influence is minimal and diluted. Consequently, a revision of the criteria
“impact” and ambition goals of the research programme might immediately lead to more
natural sizing of projects, where 3 to S entities can build a successful research story, not
needing an artificially large consortium.

Nevertheless, integrate the possibility of allowing SMEs to enter a project in its latest stage
or under subcontracting especially for micro SMEs could really help them to jump in the
research train. Indeed, it is fundamental to assure the involvement of SMEs, once it is the
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closer stage to the product commercialization. Many SMEs do comment on the attractiveness
of the research programmes when they perceive innovation opportunities. Brokerage events
could be organized for EU partners to market their best potential results.

Industry- and result-driven R&D programme

In order to get more industrial companies and especially more SMEs and in particular more
micro SMEs on board of research for a better chance of innovation breakthrough, the R&D
programme should be much more industry oriented and driven than it is today.
Research entities should listen much more to SMEs needs and support them to get there than
the other way round. This will also help not only SMEs to get to research but also large
companies that are still under represented today. This concretely means that the number of
coordinators being SMEs should become a reality and really increase. SMEs should be able to
create a full proposal from scratch; from finding the right partners, writing a proposal, summit
and defend their project with success and showing breakthrough results at the end of the
project. Indeed, the result impact should be much more successful and closer to the market
with a quick commercialization target.

More Industry and SMEs driven R&D programme will conduct to more result driven
European Research.

Conclusions

As per Eurostat statistics, SMEs do perform research and innovation activities at a level of
more than 50% of the SME universe in Europe. The fact that SMEs do participate only for 10
to 15% in publicly funded projects, suggests that such R&D programmes are miss-focused
regarding the interests of SMEs.

The implementation of each of the recommendations indicated above will imply financial or
legal amendments to the current rules and practices. The European Commission should
review some of the recommendations in a similar way as the recent updates of the Grant
Agreement (decision of the European Commission of January 24" 2011) at the light of
revising the FP7 rules, on very important issues for SMEs and particularly for the micro
SME:s.

Let’s evaluate the impact of results of the Framework Programme and move from the

evaluation impact criteria of “pure excellence” towards “excellence and exploitability of
results-benefits for the community”.
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IV. Metrology and Standards in Innovation

Kamal Hossain and Robert Aitken

Supported by Seren Bewadt, Romain Bouttier and Nicholas Deliyanakis

Introduction

This paper reviews the important role of metrology and standards in innovation particularly
in relation to the development and commercialisation of new products and processes based
on advanced and emerging technologies. Research on specific and high priority topics in
metrology is supported under FP7; however, the need for metrology and standards to
support the rapid development of a technology and its application is not addressed in a
strategic way thereby missing real opportunities for Europe to gain from its strong scientific
and technical capabilities in knowledge generation. Furthermore, results of R&D projects,
where the primary aim is to enable the development of new products and processes may
have significant potential to contribute to the development of European and International
standards of real value but often not realized. This is because there are some practical
barriers, which can be overcome relatively easily by treating R&D and standardisation in an
integrated way. An analysis of these barriers and suggestions for overcoming these are
presented.

Metrology and Innovation

Metrology and measurement have a vital role in supporting and enabling innovation to
improve European competitiveness, as well as helping Europe to meet major societal
challenges of sustainable energy supply, environment, security and health. It is widely
acknowledged that reliable measurement:

o Supports R&D to develop innovative new products and processes;
. Help improve efficiency of industrial production and processes;
. Supports transaction costs in the market and allows buyers and sellers to have

confidence in products and services.
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Indeed, innovations in measurement technologies often become the basis for new industrial
capabilities. For example, very high accuracy measurement of time has led to many new
products and services based on GPS technology.

Innovation requires the application of knowledge generated from basic research into new
products, processes and services where businesses face the highest levels of risk.

Work needed to convert laboratory-based results into successful commercial products and
services carries huge risks due to market uncertainties. A robust infrastructure is needed for
proving the technology, in developing prototypes, ensuring quality and performance
reliability, and meeting standards and regulations. For technology-based innovation,
measurement and testing is a vital part of this infrastructure and helps to reduce important
risks in the market. In fact, much of the same test and measurement infrastructure is also
needed for making scientific advances in emerging fields, for example, nanotechnologies.
Hence, an integrated and balanced approach to infrastructural work and scientific research
is fundamental to ensuring wealth creation through innovation. Indeed, the central role of
measurement in innovation has been highlighted in a US report (1) as follows:

“Advanced measurement capabilities are essential to innovation in every major economic
area and every stage of the innovation process. Advanced tools and measurements are
required to innovate — to design and incorporate new and better features into the kind of
next generation products and processes necessary for the United States to compete
effectively and stay ahead in the global market place”

For mature markets, a technological infrastructure is in place that helps the market to
operate:

Products and services can be accurately described so that suppliers and customers are clear
what is being provided in terms of characteristics and performance. This is achieved in part
through measurement and documentary standards, and these are usually recognised across
national borders, to open up global markets.

Manufacturers and service providers are able to ensure the continued quality of what they
supply, again in part reliant upon measurement and documentary standards.

Risks, e.g. to health and safety, arising from products and services are understood, and
where significant, are controlled through design and regulation. This leads to confidence in
the market place.

This kind of technological infrastructure has yet to develop for innovative products and
services based on new technologies. For nanotechnologies, for example, terminology and
test methods are needed early in the development cycle to assist manufacturers and users to
be able to communicate and specify component and product characteristics and
performance, essential for building market confidence and success. Similarly new
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techniques for measurement and testing at the nanoscale have to be developed and validated
for reliable characterisation of nanotechnology based products and services.

Policy Context for Standards and Metrology

Metrology and standardisation will play a vital role in supporting the Europe 2020 strategy
for smart, sustainable and inclusive growth. Europe 2020 Flagship Initiative (2) underlines
that a dynamic European standardisation system is needed to support innovation. The
Industrial Policy Flagship (3) emphasises the key role of standardisation to enhance
industrial innovation in Europe and stresses the need for European standardisation to be
highly responsive in a rapidly changing world, for it to support European competitiveness
in the global market and for it to meet the needs of both industry and public authorities. The
Digital Agenda for Europe (4) highlights the importance of ICT standards in developing
interoperability between systems. European standards also feature in the review of the
‘Small Business Act’ (5) for Europe.

In Innovation Union, standardisation is recognised, as a key tool for innovation. It is also
accepted that there is a clear need to strengthen relationship between research and
standardisation.

Report of the Competitiveness Council on Standardisation and Innovation concluded
(2008) that “standardisation makes an essential contribution to innovation and
competitiveness by facilitating access to markets, enabling interoperability between new
and existing products, services and processes, enhancing protection of users, giving
consumers confidence in innovations, and disseminating research results”

The Commission Communication on Standardisation & Innovation (6) made the following
recommendations:

o Public research bodies and public sponsors of research programmes at European and
national level to examine the potential interest in order to exploit research results;

o The European Commission to encourage the financial support of ¢ technology
watch’ activities in order to identify areas where standardisation could be useful in
the transfer of research and development results;

J Both standards and patents to be recognised as innovation dissemination tools;

J The European Commission to support the use of standards in matters relating to
sustainable industrial policy, lead markets, public procurement, information and
communications technology and better regulation policy;

A new EC communication on standards (7) has been published recently and it is likely to be
followed by legislative proposal to implement a strategy to promote a stronger role. Mr
Antonio Tajani, Vice President of the European Commission has stated “To be successful,
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Europe needs to react to the challenge of rapid innovation, sustainability, convergence of
technologies, and fierce global competition. A dynamic European standardisation system is
essential to spur quality and innovation and to strengthen Europe’s role as a global
economic player.”

Governments around the world have recognised the importance of having a measurement
infrastructure that is objective and unbiased and provide public funding to ensure that the
infrastructure keeps up with the national demand. Such an infrastructure will not be
provided by the private sector as the benefits are widespread and open to many
organisations, thereby representing a market failure argument for public support. Such an
infrastructure must also be consistent with those of other countries as globalisation
continues to move at a rapid pace. Beyond the infrastructure, many measurement methods
and tools for specific applications are also needed and require R&D support. These can
benefit specific users or wider groups and sectors. Development of such measurement
technologies and their standardisation in some instances may be critical for rapid and wide-
ranging innovations based on new technology. Many of the basic characterisation and
measurement tools needed for exploitation of nanotechnologies provide good examples in
support of the arguments presented here. A related issue is that many European SMEs need
access to reliable and effective expertise and facilities for characterisation and testing of
nanotechnology-based products they are developing. It is beyond the capability of
individual SMEs to establish complex and expensive facilities and expertise in —house, and
therefore support provided through a simple and cost effective mechanism would be
invaluable This might possibly be provided through co-operation with the Europe wide
network of Laboratories of EURAMET members (www.euramet.org).

A recent development deserves special mention in this context. The European Commission
and 22 Member States have joined together to support, under Article185 of the Treaty, a
major programme of Measurement research worth 400Million Euros in FP7 involving
National Metrology Institutes and other Research Organisations. This is known as the
European Measurement Research Programme (EMRP) (www.emrponline.eu.) and is
managed by EURAMET, the European Association of Metrology Institutes. Directorate 2
leads on EMRP within DG Research. EMRP aims to integrate the development of
Metrology research in Europe and addresses infrastructural aspects such as Measurement
Standards for the base and derived units. It also covers the development of underpinning
metrology increasingly required to support new technology based solutions for meeting
grand challenges of energy, environment, health and sustainability. This work naturally
supports the development of key metrology tools and will have the potential to contribute to
new European standards e.g. measurement and monitoring standards for Smart Grids.
EURAMET have recently signed a MoU with CEN/CENELEC to facilitate the transfer of
research results from EMRP into standards.

The European standards organisations, CEN and CENELEC have recognised the
importance of the inter-relationship between standards and research and established a
group, known as STAIR (STAndards, Innovation and Research). STAIR is working to
develop an Integrated Approach for Standardisation Innovation and Research (8).
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The European Commission, in urgent and important areas, uses mandates to the European
Standardisation organisations for developing standards to meet economic and regulatory
needs of the European Union. Such a mandate has recently been made to CEN, CENELEC
and ETSI for standards development for nanotechnologies and nanomaterials. For such
standards there is often a lack of the necessary technical base for reference methods of
measurement, reference materials and reference data, without which reliable standards
cannot be produced by the technical committees. Currently there is no mechanism to
address these needs requiring a rapid response and resolution of technical issues faced by
the technical committees.

Research, Standards & Markets

As shown in Figure 1, research projects often have the primary aim of developing new and
innovative products and processes, which reach the market through industry and business.
R&D projects can also provide the knowledge base for developing new standards through
the Technical Committees (TC) of European Standardisation Bodies and such standards
facilitates access to markets of innovative products. Pre- and co-normative research ensures
that standards have a rigorous science and technical basis for robustness and can be difficult
to incorporate in a normal industrial R&D project. Funding for pre and co-normative
research project in support of European standards and innovation requires is critical for the
rapid development of standards, which must be robust.
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Recently CEN/CENELEC have established a Research Helpdesk to support researchers and
innovators in understanding and integrating standardisation in their research projects

(www.cen.eu /go/research)

78



Best practice for linking research with standardisation at various stages of an R&D project
has been recommended by CEN/CENELEC as shown in the diagram below:

LINKING
STAGES IN  RESEARC AL ELI U B L
DEVELOPMENT, INNOVATIQ
Developing a new project idea Screening existing standards and needs for
<: standards
Preparation of a project proposal Identifying where standardisation can

benefit to the project

Defining how the project team will work on
standardization during the project and who
will be the standardisation partner

Project execution Identifying standardisation potential of

<\:4; project results

Working with the standardisation partner

Contributing to standardisation

Protecting, disseminating and using project | Using standards and standardisation as
results issemination channels

Figure 2. Best practice for linking R&D and Standarisation (source CEN/CENELEC)

Types of Standards

Standards have a wide range of scope and interact in different ways with the innovation
process. Key categories of standards are:

e Terminology standards necessary for communication between producers, users and
regulators;

e Measurement & Characterisation, and Test Standards which are vital for improving
performance reliability and supporting regulations;
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Specification Standards for new products and processes critical for trade and regulation;

Interoperability standards that underpins competitiveness and user benefits;

Standards for services, management processes which are becoming increasingly
important;

Standards for safety, quality and environmental performance for societal benefits and
sustainability.

Barriers for Effective Transfer of Research Output into Standardisation

R&D carried out under the Framework Programme has a major potential to contribute to
the development of reliable test and measurement methods and Standards. However, the
potential is far from being realised due to a number of factors as follows:

e When a project is approved, assessment is not made reliably of the potential
contribution it can make towards the development of new standards or to the
improvement of existing standards;

Timescale of research projects often not aligned with standardisation timescale. This is
because once the research project is completed, there is usually no financial support
available for transferring the results into written standards and securing consensus
through participation in the relevant standards committee which may be European or
International;

e Not all researchers wish to participate in standards committees which require
meticulous attention to details and usually provide little recognition and enhancement
of a research career;

e Researchers and standardisers often operate in different circles and may not be aware
of each other’s activities;

e Funding for pre- and co-normative research, although relatively small, is extremely
difficult to find;

e Within DG RTD, there is not a focus for linking research with standardisation. Each
Directorate deals with this topic within its own programme remit and interacts directly
with DG Enterprise who has the overall policy responsibility for European Standards
and the European Standards Organisations (ESOs - CEN/CENELEC and ETSI). DG
enterprise provides financial support to ESO and can mandate ESOs for the
development of standards and request DG research to support pre-normative R&D.
Furthermore, Directorate B has the responsibility for a large Article 185 activity called
the European Measurement Research Programme (EMRP) which covers primarily the
Metrology infrastructure.
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Role of metrology, standards and Environment, Health and Safety (EHS) issues for
removing the barriers to innovation

In order to clearly demonstrate the challenges associated with the exploitation of research
results through standardisation and the provision of the necessary scientific bases for
developing robust standards, the position of EHS research for nanotechnologies is now
reviewed in detail.

EU Research Activity

The European Commission has invested heavily in innovation through the NMP
programme since 2003.

One of the key issues identified as a potential barrier to innovation in this area is the
uncertainty concerning the impact on environment, health, and safety (EHS) of
nanotechnology in general and nanomaterials (including nanoparticles, nano-objects,
nanofibres, and aggregates and agglomerates thereof) specifically. Concerns about these
issues first came to a head in 2004 with publication in the UK of the Royal Society and
Royal Academy of Engineering Report, Nanotechnologies; opportunities and uncertainties
(9). The key conclusion of this report was that, whilst many nanotechnologies pose no
foreseeable risks to health and environment, nanoparticles and nanotubes in particular were
considered to pose potential risks. This stemmed from base knowledge already known
about the effects of particles, and how these effects link to particles size. Potential risks of
nanotechnology, both real and perceived, have been identified as significant barriers to
innovation.

In the last five or six years, the NMP programme has invested heavily in research into EHS
issues. For several years now, the research community has responded by launching very
valuable projects under the Sixth Framework Programme (FP6) and Seventh Framework
Programme (FP7), marking significant technological progress both in the technology and in
its safety management. Thirty projects are either completed or underway and represent a
total RTD investment of €82.5M, from the NMP and other programmes (accounting for 11
projects under FP6 worth €30M and 19 projects under FP7 to date worth €52.5M). These
projects, together with a significant number of projects supported by government resources
in the EU member states and the FP7 associated states as well as other projects addressing
safety as secondary objective, represent valuable efforts of the scientific and industrial
research community towards addressing this important topic.

Projects have been concerned with, inter alia:
o Understanding mechanisms of toxicity (including ecotoxicity);

o Development of dose response relationships;
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° Assessment of distribution, fate and behaviour of nanomaterials;

Measurement of exposure;

Development and evaluation of risk assessment methodologies;

Consideration of life cycle issues.

Activities have included the review and definition of state-of-the-art, assessment and
adaptation of existing methodologies, fundamental research, application of evolving state of
the art, infrastructure development, networking, and dissemination activities.

A full list of FP7 projects, concerned with the development of knowledge concerning EHS
issues and (in many cases) exemplifying this knowledge through case examples, is provided
in Appendix 1. More details are available on the NanoSafety Cluster website
(http://www.nanosafetycluster.eu).

There are several other FP7 projects that are more focussed on innovation (e.g. the
development of new nanotechnology materials, processes or products), but which include a
safety work package that draws heavily and early on emerging knowledge from this
extensive EHS research programme. These projects are typically not as visible as the core
research projects and the EHS component of the project is typically EHS, around 10% -
20% of the total project value. The projects are intended to provide pragmatic solutions to
real development issues and provide a valuable platform on which the emerging knowledge
can be tested. We estimate between 5-10 of these projects may be active at present.

International Research Activity

EU research activity needs to be seen in the context of other research being carried out
worldwide. This includes research by national and international organisations,
standardisation activity being carried out by CEN and ISO, the development of
infrastructures that support EHS activity such as QNano, and regulatory activity in areas
ranging from REACH to the environment and consumer protection.

The scope of international activity relating to nanoEHS research is summarised below in
Figure 3.

82



| Industrial safety |
| NANOfutures | Regulation |

| 150229, Nanotechnologies | ~ Standards |
CEN352, Nanotechnologies
l — | standardisation P
[oECDWPNM | — | OECD Sponsorship programme |
(NIST | | Nanosafetycluster ——| FP7/FP8 Research
-~ |-|EUNational research progs |
e o (y  EREAEEREEG
S ==\ Snsustyproge)
| REACHICLP I\_ | Other national progs US, China etc |
| consumer | / | small scale, PhD, etc |
| Envﬂ'oment — [*} \ _
| Food and Feed | GNANO Infrastucture |
" Ciiedioing. } | | Infrastructures - JRC NANOhub
[ National | ~ ObservatoryNANO |

Figure 3. International activity in nanoEHS

A critical element is the integration of this activity; it is not appropriate simply to find a
European solution. European researchers are highly active in international collaborations.
A recent example was the Joint U.S.-EU Expert Workshop “Bridging NanoEHS Research
Efforts” held in Washington on the 10™-11"™ March 2011, which aimed to continue the
robust dialogue between the U.S. and EU on issues of shared concern pertinent to
nanotechnology research initiatives. European researchers are also active in supporting and
benefiting from the development of the infrastructures QNano and Nanohub, and some are
involved in standardisation activity although to a lesser extent.

Regulation is outside the scope of this document and will not be considered further.
However, the ability to regulate effectively, in a way to promote rather than hinder
innovation, is to a large extent dependent on the availability of the scientific evidence,
standards and guidance that are being produced through this activity.

EHS Measurement for Supporting Innovation
Relevance of current activity

Currently, the EHS programme of NMP research is not fully integrated into innovation-led
FP7 work. Although many of these projects have industrial partners, and are working with
commercial or near-commercial nanomaterials and processes, the projects are more
fundamental in nature and are concerned with developing the underlying knowledge,
models and tools for subsequent application in risk assessment and management. This
activity is critical to underpin the knowledge base, which will provide confidence in future
nanotechnology-based products and processes at some point. At the moment, however,
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many questions remain unanswered. Although these projects provide a direct route into the
innovation process, the EHS component is typically small and they provide project-specific,
rather than generalisable, solutions.

In looking to the future, the NanoSafety Cluster is developing a Strategic Research Agenda
document entitled “EU Nanosafety Community: A Vision for Safety Enabling Nanomaterial
and Nanotechnology Innovation”, which is currently being drafted and will be published
later in the year.

This community has assigned itself the goal to identify key areas of nanosafety research
which are likely to be of special significance in the coming 5 - 10 years and for which EU-
level research to provide European added value, not achievable based on Member State
actions alone, is needed. The goal is also to provide not only a vision that might be
achievable based on current understanding, but also one which would be extremely
important to achieve if the goals set down in the Commission 2020 strategy are to be met.
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Activities envisioned within the draft Strategic Research Agenda document are indicated in
the text box below.

. Promises of engineered nanomaterials: safety by design

. New measurement principles for nanomaterial exposure assessment
. Exposure to and life-cycle of engineered ENP

Nanomaterial biokinetics and translocation

. Nano-bio-interactions

. Identification of ENP metrics relevant for harmful health and environmental
effects

7. Examination of ENP-induced pathogenic mechanisms in vulnerable
populations

8. Environmental interactions of nanomaterials
9. Intelligent safety/toxicity testing strategies of ENP
10. Assessment and management of risks of ENP
11. Human field studies and epidemiology
12. Databases
13. Networking between the scientific community and the industry

DU WN 2

Next steps

For Europe to be successful, it is necessary for the innovation process to move forward with
confidence that the EHS and societal issues are being addressed and that plausible solutions
are or will be available within the timeframe of the process.

To achieve this, it is necessary to link the EHS activity more clearly with the Innovation
Chain concept. There are 4 elements to this:

1. Implementation of the NanoSafety Cluster strategy;
2. Development of Innovation Chain EHS projects;

3. Establishment of Centre(s) of Excellence in EHS;
4. The integration of EHS research with industry.

The NanoSafety Cluster and their strategy is a critical element within this process. Based on
the early drafts available, it is their aim to facilitate routine assessment and management of
risks incorporated directly into product development. A second aim is neutral and reliable
dissemination of information on engineered nanoparticles by regulators, academia, as well
as industry. Given the existence of significant knowledge gaps, there is a requirement for
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the core fundamental research programme being developed by NanoSafety Cluster to be
implemented.

The second element relates to the development of what has been identified as “Innovation
Chain EHS Projects”. The Horizon 2020 approach is to create a coherent set of instruments,
along the whole "innovation chain" starting from basic research, culminating in bringing
innovative products and services to the market.

The full Innovation Chain approach facilitates a more targeted type of EHS research to be
carried out. One relevant concept is that of “Corridors for Innovation™ initially described by
Grobe (10). This was originally envisaged as a stakeholder dialogue concept that would
develop a list of materials with a “licence to innovate” from researchers, regulators, risk
assessors and civil society organisations. This would include examples of nanomaterials
using a specific limited types of formulation/processing for a certain type of accepted
applications which are “proven to be safe” over the entire lifecycle.

This is a powerful idea. In these ‘corridors for innovation’ the spaces to innovate will be
those areas where EHS barriers have been identified and addressed. The challenge is to
construct these corridors. One option for implementation would be to develop large-scale
EHS projects with the purpose to identify, map, solve and act as a curator for the solutions
of the EHS issues for specific innovation chains. The dimensions of these corridors would
encompass the entire life cycle including development, manufacture, use, release to the
environment and end of life. The type of work that would be necessary would include,
inter alia, toxicology, exposure, risk assessment, product safety, environmental release,
environmental fate and behaviour etc. This will draw heavily on the knowledge base
emerging from what will become the core (fundamental) research programme foreseen in
the first element The model for these projects is similar to the innovation-led projects that
are currently ongoing, but at a much larger scale where the outcomes are generalisable to
the whole chain rather than simply to a specific application.

A third element relates to the distributed nature of this activity. One of the main difficulties
and issues with the current programme of research activity is a lack of consistency in the
outputs from the projects. This has led to a plethora of different results for apparently the
same materials, which are difficult to interpret. Within the community a number of
activities are underway for resolving these issues. One of these is the NanoSafety Cluster,
previously mentioned, which is an organic community formed around the European
projects. The purpose of this community is to share information, protocols, material etc.,
again leading towards greater harmonisation and standardisation. Participation in this
community is mandatory for all new NMP projects dealing with nanotechnology risk..
Another activity is QNano, which is a research infrastructure based on transnational
activities. The focus of this, however, is on ensuring access to measurement and
characterisation facilities.
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One of the real challenges is the lack of funding for this type infrastructure activity and
while this remains a marginal activity in relation to most projects, it is difficult to see how it
will gain sufficient momentum or critical mass in order to drive forward these advantages
which are potentially critical for successful innovation.

There is a therefore a need to establish a single centre, probably from a small group of
institutions, to be Europe’s primary repository and source of information concerning the
potential risks of nanomaterials to health and the environment. This centre would have the
task of capturing, interpreting and disseminating the emerging evidence and would
facilitate open exchange between industry, academia, regulators and the public. From the
European perspective, this centre would provide the focus and input into worldwide activity
including standardisation.

The fourth element is integration with industry. In this regard, there is a critical role for the
NANOfutures technology platform which, for the purposes of EHS, sits between the
industrial community and the NanoSafety Cluster. The role of NANOfutures in this respect
is to identify the innovation pathways, to match these against the developing strategy of the
NanoSafety Cluster, and to map out programmes of work that will facilitate the clearing of
these ‘corridors of innovation’.

EHS in and for Standards

It is noted that the need for “standards” in the area of nano EHS is widely advocated.
However, what is meant by standards in this context is not always clear and consistent.
Various types of “standards” may arise from, or would be helpful, to nanoEHS projects.
These include:

1. Measurement standards for characterising materials;

2. Standards for measurement methods within toxicology;

3. Standard protocol for assays;

4. Standard materials;

5. Measurement standards for estimating exposures (including concentrations in air,

water, soil and other media);
6. Management standards that describe the risk assessment process;

7. Standards which convey a specific performance in terms of safety of use of a
product or application.

This forms a “standardisation chain”. To support innovation, the standards that be of most
value are probably the latter two. These would provide confidence that a product can be
manufactured and used within a framework in which the risks were quantified and
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controlled. Successful development and implementation of this framework, however, could
only be built from the earlier parts of the chain.

The projects described in the previous section (and listed in Appendix 1) have both a need
for standards and the possibility to provide such standards. In practice, however, the
contribution of these projects towards standardisation activity thus far has been rather
limited. There is also a lack of integration between the researchers involved in these
projects and the established standardisation community. There are a number of reasons for
this. Although a number of projects have standardisation as an identified activity, this is
often quite peripheral to the main objectives of the study. In many cases the studies are
involved with investigating fundamental mechanisms of harm or the relationships between
dose and response, which although informative, are too upstream within the chain. To some
extent this is changing, with more recently funded projects placing a greater emphasis on
the aspect of standardisation.

The second contributing factor is the project duration. Input to standards would most
frequently come towards the end of project. However, once the project is completed, the
projects no longer have continuation of funding or a programme of activity to support
development of a standard.

Recommendations on the way forward

There is clear evidence in the published literature, including numerous Communications
from the Commission, that metrology and standards can play a vital role in facilitating
innovation based on new technologies. However, the research, metrology and standards
interfaces are complex and multi-dimensional. The major challenge is to integrate R&D
activities for the development of products and services with the establishment of the
necessary measurement framework and tools as well as standards. This is vital for
removing uncertainties in the market, establishing risks associated with innovative products
and supporting trade and regulations on a global basis.

Our recommendations for action on standards and metrology are detailed below.

General recommendations

o Identify and prioritise standards need and relevance for all project proposals;

o Foresight type projects supported by DG Research should be made more rigorous
with validated outputs so that recommendations for metrology, as well as pre- and

co-normative research, in support of standards may be included in calls;

J Identify measurement tools and techniques with the potential to make major impacts
on innovation in new technology based products and processes;
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Support access to measurement and characterisation expertise and facilities for
SMEs developing products and processes based on new and emerging technologies;

Include standards and standardisation as a selection criteria for research projects;

Include transfer of results into standards committees as a work package where
possible, or develop an additional support measure beyond the research phase;

Ensure the use of standards and standardisation as an important means for
dissemination when appropriate;

Use resultant standards impact as a measure of performance indicator;

Develop a single point of focus for metrology and standards within DG Research
with appropriate linkages to all project managers as well as DG Enterprise,
CEN/CENELEC and EMRP manager;

Establish an effective platform for exploitation through standards and for the
provision of advice, training and practical support e.g. standards drafting. The
platform should use modern IT tools as well as direct support through consultancies.
This could be a standards network for researchers.

EHS recommendations

In relation to EHS metrology, our recommendations are intended to push forward
fundamental and applied research on the key questions, to further focus that on innovation
pathways, to provide Centres of Excellence in EHS issues to act as resources and
repositories, and to maximise integration with the industrial process. The recommendations
are as follows:

Implementation of the NanoSafety Cluster strategy;
Development of Innovation Pathway EHS projects;
Establishment of Centre(s) of Excellence in EHS;

The integration of EHS research with industrial priorities through the NANOfutures
activity.

Specifically in relation to standards, to underpin the development of this “centre” would
require inter alia:

Specific funding for translational work to enable continuation after a project has
finished to support the development of standards arising;
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2. Development of common databases for information sharing with specific funding to
develop the underlying data structures e.g. for toxicity or exposure data.

It is important also to consider that all of the work currently underway is concerned with
first generation nanomaterials. Translation of this work and consideration of second, third
and fourth generation needs to be prioritised.

Acknowledgement. Contributions and comments from many colleagues in the NMP
Advisory Group have provided very helpful guidance in the preparation of this paper.
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Appendix — Nanotechnology EHS projects in FP7
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V. Key Enabling Technologies (KETSs) of interest to the NMP theme

Jens Neugebauer, Livio Baldi, Kamal Hossain, Frangois Mudry, Dietmar Goricke

Introduction

The Communication of the Commission on Key Enabling Technologies (COM(2009)512))
identifies nanotechnology and advanced materials as strategically relevant technologies,
given their economic potential, contribution to solving societal challenges and knowledge
intensity. The paper on KETs will briefly survey current activities in enabling technologies,
show links to the current NMP activities and identify gaps — that is, key enabling
technologies that are critical for further advances in areas of interest and are not receiving
enough attention. It should also identify any barriers inherent to these sectors, including
skills. It complements also the paper on interactions between academia and industry, by
looking at specific technologies.

Basis of the work will be the findings of the Working Groups, contributing to the High-
Level Expert Group on Key Enabling Technologies. Thus, their results will be reflected
with special emphasis on the possible implementation at activity level rather than topic
level for the remaining FP7 working program. For this purpose, the main findings of the
KET-HLG working groups will taken from the reports and listed.

As an enhancement of the above mentioned methodology, also the report on Materials for
Key Enabling Technologies will be taken into account. This report is the result of a joint
effort of the European Materials Research Society (E-MRS, Strasbourg, www.european-
mrs.com) and of the Materials Science and Engineering Expert Committee (MatSEEC) of
the European Science Foundation (ESF). The report has been prepared on the occasion of
the Key Enabling Technologies (KETs) initiative launched by the European Commission to
give an overview of the current status and recommendations on the role Materials Science
and Engineering should play in Europe for key enabling technologies.

Definition of Key Enabling Technologies (KETs)

KETs are knowledge and capital intensive technologies associated with high research and
development (R&D) intensity, rapid and integrated innovation cycles, high capital
expenditure and highly-skilled employment. Their influence is pervasive, enabling process,
product and service innovation throughout the economy. If they are of systemic relevance,
multidisciplinary and trans-sectorial, cutting across many technology areas with a trend
towards convergence, technology integration and the potential to induce structural change.
KETs can assist technological leaders in other fields to capitalise on their research efforts.
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High level Group on Key Enabling Technologies

The HLG KET was launched on the 13th of July 2010, with twenty-six HLG Members
consisting of representatives from European Union (EU) Member States, relevant European
industry including small and medium enterprises, research technology organisations
academia and the European Investment Bank. The remit of the HLG was to:

J Assess the competitive situation of the relevant technologies in the EU with a
particular focus on industrial deployment and their contribution to address major
societal challenges;

. Analyse the available public and private R&D and innovation capacities for KETs
in the EU;
. Propose specific policy recommendations for a more effective industrial

deployment of KETs in the EU.
Phase 1 Activities of the HLG on KET
In the first phase, the HLG KET outlines the potential impact of KETs on grand societal

challenges and the competitiveness of European industry. Six Key Enabling Technologies
were elaborated:

. Photonics

. Manufacturing

. Nanotechnologies

. Biotechnology

. Advanced Materials

. Micro/Nanoelectronics

A SWOT analysis of KETs and current challenges for KET value chains in the EU and
beyond, in the context of global competition, along with an initial vision of the way
forward. This vision recognises that those nations and regions mastering KETs will be at
the forefront of future advanced and sustainable economies integrating cutting-edge
technologies into their manufacturing and service industries and managing the shift to a low
carbon, knowledge-based economy, and ensuring the welfare, prosperity and security of
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their citizens . A special emphasis is given on the "Valley of death" problem in the
innovation chain. Main pillars to bridge the gap will be described and potential actions on
the pillars will be proposed.

Phase 2 Activities of the HLG on KET

The development of appropriate policy recommendations will be the goal of the second
phase of this HLG KET initiative, which will look at how existing instruments at EU and
national level can be better aligned and utilised for the deployment of KETs." To
accomplish this work, seven working groups have already been identified with their remit
as outlined in Appendix A. A full report will be delivered by the HIG KET President and
Board in July 2011.

WG 1: KETs transdisciplinarity.

Most innovative products combine several KETs simultaneously, each KET bringing a
piece of innovation resulting in a more innovative product as a whole. It is therefore
important to assess the value-added of an interdisciplinary KETs approach, and to deliver
proposals likely to facilitate such interdisciplinarity. Particular attention should be paid to
the development of skills, education and training systems compatible with such
interdisciplinarity as well as formats for disseminating current technological knowledge to
industry.

WG2: KETs Value chain and vertical integration.

Innovation has to start simultaneously at various stages of the value chain: in order to
speed up innovation in Europe, the traditional modus operandi needs to be complemented
with an approach that brings together and stimulates innovation at key stages of the value
chain simultaneously, in order to create competition and breakthrough for comprehensive
solutions. The various contributions received during phase 1 of the HLG clearly identified
the necessity to assess the KETs value chain from KETs to final product to identify and
follow-through on opportunities for KETs integration in other established or new value
chains as well as KETs contribution to addressing grand societal challenges.

WG 3: KETs Technological Research enhancement.

This working group shall focus on the first pillar of the KETs bridge to pass through the
"valley of death"; the development of core technologies by European technology research
organizations, in close collaboration with industry speeding up feedback loops aimed at
shortening time-ta-market. It shall work on key measures to reinforce technology research
in Europe through technology transfer and intellectual property measures, the strengthening
and launching of flexible public private partnerships involving innovative multinational
companies, SMEs, academia, government research agencies and government sectors, as
well as joint strategic programming activities.
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WG4: KETs Product Development launch.

This working group will define the various demonstration activities required in Europe to
further deploy KETs. It will include focusing both on pilot lines, scale up and large scale
deployment demonstrators for KETs open to small and large companies in a variety of
applications. The main objective will be to create the success conditions for Europe to
remain competitive with respect to American and Asian competitors. The working group
will then be tasked with the identification of the key measures required to succeed in the
launching of such activities.

WGS5: KETs Globally competitive manufacturing facilities installation.

This working group will address policy and other issues concerning the conditions for
establishing competitive production capacities in Europe, able to compete with international
facilities, in particular those in East Asia.

WG6: Policy benchmark and options.

European industrials willing to strengthen and /7 or install pilot lines or production plants
always face various options for their localisation throughout the world. One strategic issue
for Europe is to make Europe the obvious place for such investments. To improve current
framework conditions, it is essential to benchmark positive deployment policy frameworks
and strategies across the world and within Europe on issues such as European internal
market, competition and trade policies, support of investments, state aid policies, R&D
activities, tax incentives, public procurement, skills development and training activities,
trade, market pull (e.g. lead markets), skills and public-private engagements.

WG7: KETs Financial instruments.

Launching European initiatives to recover a leading role at a global level will imply a
considerable financial effort from the public and private sectors. The public sector will have
to combine several horizontal sources of EU funding reflecting the recognition given to the
role of KETs in the framework of Europe 2020 Agenda, together with several sources of
vertical funding provided by regions and Member States. This public support will
subsequently leverage private funds, with the total combination of investments enabling
Europe to address in parallel the two major KETs challenges, the continuous improvement
of technological capabilities and the improvement of production capacities in Europe.

Preliminary Results and Recommendations of the High Level Group
Key enabling technologies (KETs) as defined by the European Commission:

o are research & development-intensive
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J are capital-intensive
J require a highly-skilled work force
J are subjected to rapid innovation cycles.

Due to their multi-disciplinary and trans-sectoral characteristics and their trend to
convergence and integration at the industrial deployment level they are often emerging and
converging technologies.

Six key enabling technologies were chosen, microelectronics, industrial biotechnologies,
nanotechnologies, photonics, advanced materials and advanced manufacturing. Tasks are to
identify commonalities restricting the deployment of KETs in Europe and to make
recommendations how to enhance technological research in their fields and how to enable
subsequent stages of "proof of concept" demonstrators and a large scale deployment for
production in Europe. In the first stage of work by the High Level Group on Key Enabling
Technologies contained vertical analyses of KETs and extracted commonalities. In the mid-
term report a picture was sketched containing a “valley of death” between applied research

Prototype,

Primary Basic Research Demonstration Early Market Entry
| Activity and Invention and Market Commercialization and Growth
Analysis

l - . - .

Availability of Capital

“Valley of Death”

ol 4 4 ] ']

Typical ’ Entrepreneurial Venture Debt and
Government

Primary and Seed/Angel Capitalists Public Equity
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and the production “ramp-up” stages after prototyping. This gap in the innovation chain
was identified to be specifically severe (i.e.: wide) in Europe.

Several cases had been elaborated, where this valley of death applies:

a) Solid State Lighting
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b) Nanoelectronics
c¢) Advanced Batteries
d) Industrial Biotechnology

e) Photovoltaics
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The need for an integrated strategy for KETs development is found to be crucial

The KETs sectorial SWOT and value chain analysis, as shown in the report, highlight the
need for an integrated KET approach. Owing to the interdependency of KETs in the
development of advanced products, it is seen to be essential to propose an integrated KET
approach covering the spectrum of all the KETs. This shall provide significant added value
to strengthen their development and deployment in and from Europe.

The photonics example shown above demonstrates that a number of KETs are required to
develop photovoltaics based products. In fact, for each subsequent PV generation, the
number of KETs to be combined increases. The third generation of PV products will
include nanotechnology, advanced materials along with microelectronic devices. Due to the
different degree of KETs maturity, it is essential to propose an integrated KET approach
covering the different development phases. The KETs sectorial SWOT and value chain
analysis has identified a double condition for sustainability: technology capability and
manufacturing capacity:
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To be world competitive requires both a technology capability and manufacturing capacity.

Therefore, KETs competitiveness improvement must follow two combined routes within
the overall KETs integrated strategy:

~ improving technology capability mainly supported by public investment
~ improving manufacturing capacity primarily supported by private investment.

A so-called three-pillar-bridge was suggested as a way forward. Pillar 1 addresses how to
enhance technological research. Pillar 2 addresses how to facilitate pilot lines,
demonstrators and prototyping. Pillar 3 addresses how to stimulate large-scale production
in Europe. This “three-pillar-bridge” is also referred to as the “KET innovation bridge”.

/
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In the second phase of the HLG work, the aforementioned working groups were
established.
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At the time of preparing this report, the results of the working groups in phase 2 were only
available in draft version. However, the preliminary results are not on an action level
suitable for implementation in the remaining program of FP7. In the following, reference is
made to the results of phase 1, specificly in the six elaborated key enabling technologies.
The results of the working groups are in the Annex I of this document. One of the six
working groups, the group for manufacturing concentrated more on an analysis on the
current state of technologies rather than concluding with recommendations. Thus no
recommendations from the manufacturing group are in this results summary report.
Identified gaps in FP7 and recommendations

From the given reports and results the following conclusions can be made:

As a European weakness, excellent research results in the fields of key enabling
technologies too often don't lead to a successful market entry of European industry. The
picture of the "Valley of Death" is used to describe the dilemma.

The midterm report of the KET-HLG makes specific reference to the following cases,
where the "Valley of death" problem arises:

a) Solid State Lighting

b) Nanoelectronics

c¢) Advanced Batteries

d) Industrial Biotechnology

e) Photovoltaics

To overcome the Valley of death, three pillars have to be considered:

1) Excellent technological research is crucial

2) Pilot lines and demonstrators are important for product validation

3) Competitive manufacturing needs to be fostered by large scale manufacturing abilities

Integration activities are considered to be essential for enhanced KET development

Recommendations

As a consequence, it is likely that in the future, especially for the implementation of the
CSF after FP7, more emphasis will be given on pilot activities and demonstrators.
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FP7 provides already instruments to support this type of actions within e. g.
cooperation projects is the possibility to support demonstration type activities.
Also the development of pilot lines are possible. Taking the results of the KET
working groups into account, a more intensive use of this instrument/funding
category should be encouraged. To get enough impact, especially large scale
integrating projects should be considered. Experiences for the future CSF
implementation could be gained as well by enhancing demonstration activities.

It is felt that the given results so far from the KET HLG are not justifying a very
specific recommendation on technological research, which could be implemented on
action level in the upcoming calls of the remaining FP7 program. It can be stated
that there is a good coverage of the discussed KET topics on technological research
within the actions of the FP7 work programmes in the years 2007-2011. (See also
the complete liste of NMP topics in FP7 from 2007 to 2011). A priorisation of
suggested actions seems not to be possible from the given reports.

Also, as a conclusion of the summarised results, more emphasis should be spend in
the integration part of the NMP-program (currently activity 4.4) The commission
should consider not only to enlarge the share of the budged in this part but also to
use this measure more intensively as a strategic activity line. So far the activity type
"integration" seems more to be a pool of topics which do not fit directly into the
activities in Nano, Materials and New Production.
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Annex — Recommendations from HLG KETs Working groups and from the E-
MRS/MATSEEC Report

Results from KET Working Group Photonics
In their report, the working group made the following recommendations:

1. Launch pilot-scale deployment programs of >€100 million each in five photonics
areas to use photonics innovations to leverage the EU infrastructure and create jobs

Most EU innovations fall through in the stage between successful research and initial
market deployment — the EU lacks both the US venture capital/business angel network and
the Chinese government intervention to support the implementation of innovation. Pilot
programs that generate market pull of sufficient size to justify scaling up an innovation
resolve this.

The best way to get value for the EU in photonics is to use it to leverage the EU
infrastructure, thereby making all 500 million people in the EU more competitive rather
than just the people involved in the photonics value chain. This also results in the
innovation benefits resulting from the deployment of photonics, staying in the ground in the
EU rather than being exported.

Moreover successful pilots create demands that in turn accelerate market penetration and
are thus a driving force for more jobs.

We propose five pilot-scale programs, of a scale of > €100 million each:

e Solid-state lighting — EU SSL alliance. To demonstrate cost effectiveness and energy
efficiency of Solid State Lighting in various European cities for indoor and outdoor
general lighting applications and thus take the lead of the transition to this new era of
lighting.

e High-throughput PV processing - non-contact laser-based processing of advanced, high-
efficiency cells and modules.

e Equipping hospitals with photonics-based, early-detection cancer diagnostic systems.
To allow earlier detection of cancer in >100 hospitals, a major social and economic impact
for the EU

e High-speed telecom infrastructure — the digital village. To demonstrate advanced Web

2.0 and 3.0 products and services in multiple village-scale pilot programs (>100,000
people) with ultra high speed fiber networks
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e Sensor networks initiative. To demonstrate open wireless autonomous sensor networks
(data and power) which will bring a radical breakthrough in sensor based applications.

These actions would be supported by existing and new photonics centres of excellence
providing the essential technical and innovative supporting expertise. - Specifically a
Virtual Centre of Excellence for Green Photonics is proposed to stimulate exchange of
knowledge and infrastructure between the different relevant fields of green photonics,
targeted at major challenges in material, device and process simulation.

2. Set up EU-backed funds to facilitate access by photonics start-ups to capital, in the
form of grants that leverage private-sector investment

A large proportion of photonics innovations are in SMEs (or hidden in university research)
where risk money is missing to commercialize the research — the EU has a very
underdeveloped venture capital infrastructure.

Establishing a EU fund to leverage existing private capital in photonics provides sufficient
financial incentive for private capital to invest in commercializing EU photonics
innovations.

3. Establish a KET-focussed EU R&D financing arm that provides financing for KET
projects

The current EC system for supporting R&D stops at the precompetitive R&D stage (often
long-term science) and allows innovations to die before the all-important scale up to
manufacturable prototype. Also the initial proposals are too voluminous and the timelines
for selection are too long for most SMEs to count on, and the awardees too numerous to
lead to an efficient decision process.

We propose a new fund that, initially for KETs alone, is allowed to operate with
streamlined, more market-oriented rules, and aiming at shorter-term results involving
prototype development. If proven to be more successful, this could eventually be expanded
to other areas. This funding mechanism would be more market-driven than the current
financing approach, namely ending in a manufacturable prototype rather than stop at
precompetitive R&D, and would be faster and more streamlined with shorter time-to-
outcome.

4. Use public procurement to foster deployment
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The use of public procurement to support commercialization of innovations will be critical;
through public procurement governments are in a position to act as a catalyst through
procuring innovative solutions for societal needs such as health or energy efficient
products, etc. Currently public procurement makes up 17% of European GDP, but the use
of this instrument to embrace innovation in Europe has yet to be seriously explored.

Results from KET Working Group Nanotechnologies

In the following, the report of the working group provided the following statement and
recommendations:

Nanotechnology is a very diverse, naturally multidisciplinary cross-cutting concept
covering a wide range of developments from new approaches for the development of new
materials and structures with tailor-made unique properties. The emergence of
nanotechnology has potential implications for the creation or refinement of a wide range
materials and devices with applications across society from medicine and electronics to
materials and energy related topics (storage, saving and transportation). Many of these
applications with Improvements of products and processes can be ready for the market
trials and penetration in the next 5-10 years.

Undisputed is the big potential from nanotechnology to employment and societal solutions.

Nanotechnology is used as a major driver for the trend to improve existing products by
creating smaller components and better performance materials, all at lower costs. In this
segment nano-companies will grow rapidly (especially building on Europe strength to have
a well functioning network of small, medium and large sized companies) and thus ensure
continued high employment in area where EU industries are traditionally world leaders (i.e.
materials, consumer, automotive and ICT). The minute scale of the system components
alone enables the realisation of novel functionalities and properties for improving existing
products and applications or developing new even disruptive ones.

As an "enabling technology" , nanotechnology is key in the value chain, being used to
realise smaller, quicker, more powerful, or more " intelligent" intermediates and systems
components for products with significantly improved or even completely new functions.

The main challenges is that there is no single nanotechnology industry and hence the
continuum from successful quality research to useful products needs not only to encompass
the significant "research" gap from academia to industry, but requires wide scale
cooperation in/along many different value chains and between various Industrial sectors
before this KET can fulfil its potential usefulness for society.

Significant opportunities will arise if Europe is able to bring together value chains from
different industry sectors to interact with each other in a meaningful way to create new
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products and applications at the interface of their traditional domains and if this is
supported by complementary cross-border and cross-institutional public policies.

The value and impact of nanotechnology today and in the future is the subject of much
research and produces a wide variety of figures. According to studies nanotechnology
impacted US$254 billion worth of products in 2009. This impact is forecast to grow to
perhaps US$2.S trillion by 2015.

Nanotechnology offers a large potential to impact on employment and to provide solutions
for major societal challenges. It is important in this context that nanotechnology is a major
contributor to keep employment figures at high level in sectors, in which the EU is among
global leaders. For specific nano related businesses employment estimates show that in
2008 there were 160000 workers in nanotechnology globally. Representing a 25% increase
from 2000. Assuming this trend is increasing by 2015 two million new jobs should be
created by this technology globally.

Building on Europe's strength in having a well-balanced 'and well-functioning network of
small, medium and large sized companies can allow optimised value chain interactions.
This is especially important due to the potential impact of nanotechnology on established
industries and markets by introducing technological innovations to economically important
sectors with an orientation towards "value-added" value chains. Many opportunities will
arise if Europe is able to bring together different industry sectors to interact with each other
in a meaningful way to create new products at the interface of their traditional domains.

Europe should not always look to Asia where the current technology solution is being
produced, but look for areas where technology deployment is characteristically complex.
Solving such complex challenges is a strength with a European 'mindset' on implementation
of technology.

The basis for a successful deployment of nanotechnology in the US and Germany is the
excellent cooperation and synergy between various national ministries and public bodies.
This is key to get added value through innovation and solutions from the invested public
and private funds.

Nanotechnology needs to cross traditional boundaries such as cross border funding. This is
especially needed for smaller member states, in order to achieve a critical mass for the
above mentioned cooperation. Cross border funding should be made available to support
projects which bring together development prototyping ventures with multiple companies
from various sectors along the value chain in the same way that FP programmes bring
together for research.

There is the need for a consistent and coherent EU strategy for the deployment of
nanotechnology across all Member States and along the various value chains. The target
should be to create a favourable framework for technology, innovation, regulation and
governance that facilitates knowledge transfer and utilisation. Currently, there are clear
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risks associated with deployment of nanotechnologies and nanomaterials because of the
uncertain regulatory environment and investment and trade implications. As a major step in
the safety debate a new approach is currently being discussed between Member States and
the EC

for targeted safety research. This involves a public fund to finance the research that is
needed for practical decision making which has to complement basic research that in many
cases creates more questions than answers.

The benefit-risk discussion in specific application areas should guide future policy
including funding and governance. The new EC strategy to link societal challenges with
technology and have a parallel safety discussion on specific uses as a techno-socio-
economic innovation ecosystem should be a step forward to the timely delivery of the smart
and green growth objectives of the 2020 agenda.

A pragmatic proposal is that new nanomaterials should be evaluated along specific value
chains in their respective different use categories and the level of protection required
assessed using regulations that are already in place. A too rigid precautionary regulatlon
approach runs the danger of significantly reducing the its adaption in Europe, while not
avoiding the risk coming from it's adaption with products from other less controlled areas
of the world.

It is key that the private and public sectors have to develop common risk- benefit messages
targeted for specific applications of nanotechnology towards societal challenges. This forms
the basis for the urgently needed broad dialogue with the public about benefits in everyday
life (including the economic risk of not exploiting the technology for Europe) as well as the
around safety concerns Manufacturing for new nanomaterials and their introduction into the
value chain as the basis for the technology is a challenge. Countless new nanomaterials
have been synthesised in laboratories worldwide, opening up the potential for a wide
variety of new applications. However, new exciting materials often remain at the laboratory
stage, because the road from fundamental science to end-systems production is very
complex.

The deployment of nanotechnology is key for Europe to strengthen its manufacturing
capacities while addressing societal challenges, through a rejuvenation of manufacturing
technologies, processes and products as well as through creation of new business.
Development of new applications and materials will require new unit operations as well as
the clever combination of new and existing processes . Up-scaling is critical In the
development of any new process In order to achieve mass production of nanomaterials,
multipurpose plants will have to be developed.

Europe has strong basic research and an elaborate landscape, significant interest from the
new generation and a good industrial base for the exploitation. The "back- bone of the
deployment is the excellent symbiotic network of smaller, medium and large companies as
well as the presence of major full value chains in Europe within a smaller area than e.g. in
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Asia-pacific region, enabling cooperation for deployment. Difficulties still are in utilisation,
difficulties for start up's, information deficits in commercialisation of research and
fragmentation both in research and innovation landscape across Europe Information,
education and training of markets players are key parameters for the integration of new
materials and technologies in the different value chains. This is relevant for appropriate
skills in the workforce of various different sectors, technology education, modern specific
equipment to manufacture and process this technology. Smaller enterprises need to be able
to easily understand the precise allocation of responsibilities at EU and country level.
Existing support structures are, in general, too complex despite efforts to simplify and make
them SME-friendly.

Nanotechnology is by definition a technology that requires integrated approaches involving
a variety of scientific, technical and engineering disciplines. Furthermore the development
of resource efficient processes require efficient interlink between natural sciences and
engineering. For the development of converging technologies multidisciplinary skills will
be critical. There is the need to provide future engineers and scientists with a
multidisciplinary and broad skill set and educate them in sufficient numbers to deploy not
only nanotechnology, but also the integration of this into other areas.

A true market push initiative can only be successful in markets where Europe is
traditionally strong (for example automotive, aerospace and consumer) as there will be no
distinct " nano-industry" sector as such that is able to achieve critical mass and a unique
end-market. Thus for the successful deployment of nanotechnology it is crucial that EU
Innovation policy is complemented and integrated with EU Industrial Policy to ensure
Europe can fulfil its potential for leadership at global level. Regarding financing hybrid
public - private financing models can be a way to fill the current Investment short fall in
Europe.

Due to the character of nanotechnology, it is essential to put industry first to create a
demand pull, instead of trying to induce a science push.

Nanotechnology can contribute towards many societal benefits. Therefore a target-oriented
procurement market that can describe concrete targets for products and processes without
being over prescriptive is required. The countries that are currently the most successful In
the exploitation of nanotechnology like US and Germany are those which have a "super
customer".

Results from KET Working Group Biotechnology

Identification of Essential Further Research Priorities
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In order to make full use of the biomass, for food as well as for non-food applications, it is
important to develop efficient and robust enzymes, particularly for the conversion of
lignocellulosic material from a variety of feedstock.

Synthetic biology and metabolic pathway engineering are examples of emerging
technologies that will significantly increase the diversity of biotechnological processes and
products, driving the development of innovative products. These techniques lead to the
development of the so-called "microbial cell factories", which are production hosts that
produce desirable products in high yields and with high productivity.

However, some of these bio refinery products will require further chemical processing and
unless these chemical processes are made available there will be 110 markets for these
precursors. Therefore dedicated research on the combination of technologies such as
biochemical and chemical processes should also be given a special attention.

The OECD estimates that approximately 75 percent of the future economic contribution of
biotechnology and significant environmental benefits are likely to come from applications
derived from agricultural and industrial biotechnology. However, these sectors currently
receive less than 20% of all research investments made by the private and public sectors.
Therefore there is a pressing need to boost re search in agricultural and industrial
biotechnologies by increasing public research investment, reducing regulatory burdens and
by encouraging private -public partnerships.

It is also crucial to secure a sustainable supply of feedstock for the KBBE. This will require
further research into methods of improving feedstock yields and/or the composition of
biomass for optimal conversion efficiency. This research will involve both plant genomics
and new breeding programmes, and also re search into efficient crop rotation, land
management and land-use change issues.

Identification of Measures to Facilitate Access to Technology (SMEs) and Access to
Manufacturing in Europe (Policies for SMEs)

In order to better align academic knowledge to industry needs, industry will need to
develop an earlier understanding of the application potential of new technologies provided
by academia. Similarly, academic researchers will need a sharper focus on industry's needs
and specifications.

Therefore, building competence networks between industry and academia could be key to
overcoming the knowledge gap and competence hurdle that currently exists. In addition,
better interdisciplinary and collaborative research would also lead to new business
activities.
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Moving forward, Europe needs to mobilise sufficient resources to support a Europe-wide
coordinated research programme by means of a public' private partnerships. This would
help build upon the successes of the European Technology Platforms (ETPs), FP7 and
national research programmes. This type of joint undertaking would achieve a pooling of
resources which would help in setting more ambitious goals in terms of reducing the time-
to-market and which would also help industry to adopt long-term investment plans in the
field of the bioeconomy, taking into account the market perspective. The main objectives of
such projects are to share the risk of the development of innovative products and processes
through support for research of a more "pre-competitive nature". This should cover the
entire value chain, and should also encourage the uptake of research results by industry.
Indeed, one of industry's major challenges is to translate research into products, including
the development of new product applications. Such public private partnerships can also
optimise knowledge transfer, and dissemination of knowledge towards SME's.

Identification of Potential Gaps in Terms of Resources and Infrastructure
(Assessment of Infrastructure Development Needs)

Since the bio economy will provide the solutions to some of societies most significant
challenges, it should also be considered for increased levels of public funding. In addition,
in order to make a swifter shift towards developing more integrated and sustainable
production and processing systems, the level of R&D funding in the bio economy should be
increased through multi disciplinary research programmes at national and European level.

Furthermore, improved coordination and collaboration between member state, regional and
European public programmes for research and innovation is the only way to avoid overlap
and fragmentation and to keep track of the massive research programmes in the US and in
the BRIC countries. In addition, an operational framework should be established in order to
facilitate the assembly of European, national, and regional funds to ensure European
cooperation and competitiveness in this area. This should be done in conjunction with
improvements in the cooperation between the private and public sectors.

Potential Demonstration and Market Replication Actions at EU Level to Facilitate
Deployment

It is important to foster the synergies between various participating sectors for example
through the stimulation of public-private partnerships. This cooperation must extend
downstream to demonstration projects that facilitate the development of flexible, research -
oriented pilot plants to validate the concept of integrated and diversified bio-refineries. Pilot
infrastructures to demonstrate the technologies and to test new feed-stocks and pre-
treatment processes already exist to some ex tent but the se need to be complemented by
larger scale demonstrators to verify scale-up of processes. The initial construction of bio-
refinery pilot and demonstration plants is not only a costly undertaking but it also involves
bringing together market actors along a new and highly complex value chain. This ranges
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fro III the diverse suppliers of biomass raw materials (farmers, forest owners, wood and
paper producers, biological waste suppliers, producers of macro- and micro algae etc.) with
industries providing the technologies and industrial plants to convert the raw materials and
the various end users of intermediate or final products.

Countries like the US, Brazil, China and others are increasing investment into research,
technology development and innovation, and are supporting large scale demonstrators in
which many European companies already participate.

Results from KET Working Group Advanced Materials

The group concluded with the following thoughts:

1) as mentioned in section I advanced materials technologies can contribute to addressing
raw materials availability issues by 3 types of actions:

o long term: develop substitution materials
o medium term: design-for-recycling
o short term : improve access, enhance recycling and develop recycling technologies

A preliminary initiative towards design-for-recycling could already be taken during the 2nd
part of the KET -time period: if deemed beneficial contact can be established with the Raw
Materials Supply Group to investigate how best to tackle this.

2) technology co-development and industrial collaboration across intra-value chain
boundaries needs to be stimulated between the advanced materials and device segments
including relevant equipment suppliers, preparing for linkage with downstream
segments attracted to Europe by means of market pull policies or once application
markets mature. This position was also evoked by several Open Day speakers, a quote
from the talk of Bruno Smets speaking for Photonics 21 as an example: .. verticaly
integrated initiatives are needed, ... , incremental progress over a substantial part of the
value chain is worth more than an isolated breakthrough for I material". For such
policy to be successful attention needs to be paid to following elements:

e co-development initiatives should build on and expand remaining European advanced
materials leadership positions ; examples for silicon-PV, CPV and battery materials
can be provided, other industries will certainly be able to provide other opportunities

e incorporate a strong focus on operational excellence in these co-development initiatives,
as Europe is losing / has lost its strong position in this domain; this may be one of the
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most difficult challenges as it requires a change in attitude or even culture at all
company levels

help selected strategic co-development initiatives to cross the "pilot-plant gap" ; as
emphasised by several speakers at the Open Day many interesting technological
developments don't make it past R&D because the risk is still too high for private
funding of demonstrators / pilot plants with a price tag of > 10 MEuro. EU assistance
for high-potential projects, for example by means of risk-sharing EIB loans (repay in
case of success only), could remedy this problem.

technology development infrastructures combining different but similar advanced
materials and device technologies can be instrumental in achieving co-development
success (intermediate step between universities and company in house) ; an example of
how such infrastructure could look like (nano extrem-fab) was presented during the
October 25th Advanced Materials Open Day.

) in support of the first industrialisation stage of selected strategic projects, lax advantages
similar 10 those currently available in the new member states could convince the
industry to invest in Europe. The gap with for example Singapore and other Asian
countries would not be eliminated by these policies, but it would be an important step.

Results from KET Working Group Micro/Nanoelectronics

These recommendations were derived during the Micro/Nano Electronics Open Day event
in 2010 in Brussels, organised by the working group:

A) Clusters, R&D and Proto-typing:

Support the development of leading-edge clusters, and the cooperation between them.
Leverage these leading-clusters through supporting cooperation between the clusters and
global European Industry (possible specific calls in FP8).

Develop European instruments to promote and stimulate European cross-border (and
cross-cluster) collaboration.

Ensure early prototyping capabilities, especially for devices and applications based on

"More than Moore" technologies. Suggestion was to fund 5 to 10 EU "LabFabs", based
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on existing centres of excellence, where sm311 system technologies are developed and
Small systems are prototyped, manufactured and brought to market in a short loop. This
network of'LabFabs" could constitute the key European Infrastructure for heterogeneous
integration, where System OEM, Semiconductors, Research labs, SME's, will cooperate
to define and produced the best in class sm311 systems;

* Promote the access of SMEs to leading edge technologies, through specific funding
support

* Strengthen 300mm positions: develop a strategy and a large program for granting
longtenn

production in Europe of advanced nano-electronic chips (processors, ASICs, Systemon-
chip (SoC)) and strategic equipments/material (lithography, epitaxy, smart substrates),

by leveraging the strengths of existing clusters;

* Support the link between European designers and technology clusters, in order to
accelerate the rate of application of those technologies into products for the benefit of
industry globally through Europe. Consider specific calls; consider a premium for usage
of Europe-based manufacturing, in funded programs;

* For "More than Moore", develop and secure the key technologies: power devices, sensors.

* Explore 450mm: cUITently limited to equipment/material European suppliers needs,
unless

a serious perspective and commitment is made by the EU to 450mm manufacturing in

Europe.

B) Manufacturing
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All participants at the Open Day acknowledged the strategic importance of keeping
manufacturing capabilities in Europe for some key areas, due to the wealth creation, and to
the leverage effect on other sectors. Other areas (Asia, US) have endorsed that strategic
interest in their strategy, and strongly support manufacturing as well as R&D.

A generic recommendation is to consider and promote actions that enhance competitive

advantage for Europe. Most recommendations are developed in 'Regulations' sector.
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Recommendations from the E-MRS/MATSEEC Report

In this report, a detailed analysis of the five KETs and their role in solving the main
challenges is presented by starting with an analysis of the present situation and then
following up with suggestions and an outlook for the future. Below, a number of key
recommendations is summarized:

In some areas of micro- and nanoelectronics (MNE) Europe is still leading. Among
those are power electronics, high frequency devices, and micro and nano-
electromechanical systems (MEMS and NEMS). In order to keep and strengthen this
position it is of utmost importance that a proper wafer production is available in
Europe. All possible efforts must be made to take part in the upcoming transition to a
technology based on 450 mm wafers and not to restrict future activities to centres and
companies performing design and simulation only.

Europe is leading in computational materials science worldwide. State-of-the art multi-
scale modelling of the relation microstructure - properties is needed both for the
understanding as well as the design of different types of advanced materials. Modern
predictive materials modelling will be of key importance for European industry and in this
respect the technology transfer to industry needs to be vigorously pursued.

In the field of advanced materials it will be necessary to strengthen approaches to the
rational design of advanced materials and their integration into structures and systems It is
therefore imperative to further support the expertise gained in hybrid materials, to
integrate concepts of green chemistry and biotechnology in materials design and
production, and to anticipate and control better the performance of materials during their
entire life cycle.

Due to promising applications in the field of nanotechnology it is mandatory to further
develop this technology in areas such as energy, nano-bio applications, healthcare,
security, etc in Europe.

In order to exploit fully the breakthroughs offered by nanotechnology a European open
access centre for nanofabrication should be created offering state of the art materials
processing and characterisation facilities with strong links to industry.

Carbon dioxide can be used as a raw material for electrical grid regulation and for the
development of a new industry based on its recycling. In order to do this close
cooperation between research centres and industries on this issue should be facilitated.

The whole report also underlines the necessity to strengthen innovation in Europe by
creating innovation incubation centres in the form of private-public infrastructures with
participation of universities, research centres and industries in several well chosen strategic
fields.
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How to obtain EU publications

Free publications:
+ via EU Bookshop (http://bookshop.europa.eu);

» at the European Commission's representations or delegations. You can obtain their contact details on
the Internet (http://ec.europa.eu) or by sending a fax to +352 2929-42758.

Priced publications:
+ via EU Bookshop (http://bookshop.europa.eu);

Priced subscriptions (e.g. annual series of the Official Journal of the

European Union
and reports of cases before the Court of Justice of the European Union):

» via one of the sales agents of the Publications Office of the European Union
(http://publications.europa.eu/others/agents/index_en.htm).
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