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Abstract

Innovations in nanotechnology are making a revolution in manufacturing and production,
creating new materials and products through novel processes for commercial applications. New
products based on nanotechnology, with novel characteristics are continued to grow and benefit
the society. Nanotechnology holds great promise and is hyped by many as the next industrial
evolution. Medicine, food, cosmetics, agriculture, environmental health, and technology industries
already profit from nanotechnology innovations and their influence is expected to increase
drastically in the near future.

Technology transfer from universities and investment decisions are major forces in how
nanotechnology develops, and this is dependent on the support from Government, academia,
private investors, and companies. Several commercialization strategies seem suitable: patenting,
licensing, equity investment, spin off companies, strategic alliances, and private consortium or
cluster alliance.

In Greece, many agencies, mainly groups of universities and research centers, are active in
nanotechnology. In addition, the advantages of exploiting research results are beginning to be
recognized. For example, academic entrepreneurship is strengthened through a multitude of
government funding initiatives, supporting mechanisms (such as technology parks, incubators,
etc.) with the aim of promoting innovation, enhancing economic development.

However, there are also many challenges that need to be overcome to bring a nanotechnological
product or business to the market. Even the most impressive scientific achievements can become
a commercial failure due to a lack of understanding of, and the absence of a strategy relating to,
the legal and regulatory issues surrounding the commercialization of a technology.

This thesis will try to explore the factors influencing the transfer and utilization of research
results by universities and research centers, aiming to identify optimal conditions for this process.
Moreover, the innovation model in a country like Greece is investigated, which has limited
experience in academic entrepreneurship, and it is examined if a framework for successful
nanotechnology management is established. Additionally, the level of academic research in
nanotechnology is assessed and the effectiveness of transferring research results to industry is
studied. Overall, this research aims to contribute to improving innovation management and
increase the success rate of nanotechnology inventions.




Table of Contents

ACKNOWIEAZEIMEITS .........ooiiiiiiiiiiiiiiiiiiie ettt e st e e st et eessabtteessbbeeesaasseeessnnseeesanneeesan iv
ADSEFACE ...ttt ettt et e s e r e e s bt e e bt e e s be e e b et e aEee e be e e eare e e reeeaneeesareeeanes v
List of Abbreviations/ACIOMYINS .........coccoiiiiiiiiiiiieeeee et viii
1o IMEPOAUCHION.......oiiiiiiiie ettt ettt e st e e s it e e s bt e s bee e sabeeebeeesnneesneeesareeas 1
1.1 Problem back@round ...........coocueiiiiiiiiiiiiiiiiiii ettt saae e ste e sbe e e sabeesbeessabeesabeesnens 1
1.2 Problem statement & Research qUestions ...............coceeviiiiiiiiiiiiiiiiecniec e 2
T3 DIESPOSILION ...t s e et sae e e ne e 3

2. Literature ReVIEW ...........cooiiiiiiiiei ettt e s e s ne e nane s 3
2.1 INNOVALION ...t sttt et s s s 3
2.1.1 Conceptual approach of INNOVALION.....................cc.coocuieicueiniiieiiiiniieessieenieessiee e e ssieeenaees 3

2. 1.2 InRovation MOMELSs......................ccooouiiiiniiiiiiiieiiiie ettt 4

2.2 Technology TranSfer ..o s 6
2.2.1 Technology Transfer defiRition ......................ccccoceevveiriiriiniieiieieee e 6
2.2.2 Technology Transfer MECRANISHLS ..................cccovvueivcieiiiiieiriieeiieeniiee e sreessieessaeessbeeesaees 7
2.2.3 Technology transfer AQENCIES ..................occueeeueeniuiinceiiiieesieeeseeeseieessaeesreessieessaeessbeeenaees 9
2.2.4 The transformation process from the idea to the realization of the innovation ................ 11

23 Nanotechnology Research & Entrepreneurship..........c..ccocoooiiiiiiiiiiiieees 13
2301 IHIPOAUCHION. ...ttt ettt e s ne e sre e 13
2.3.2  RE&D in NANOLECHHOIOZY .............ooovveiaiiiiiiieiiiiesiiee ettt ssare e s 13
2.3.3  Critical Success Factors of Nanotechnology commercialization.........................c....... 16
2.3.4  Mapping of RANO-ACHVILIES ................ccoeeveereiieiieitieieeeee ettt 18
2.3.5 Nanotechnology transfer in Greece ....................cccccevveerviriircircieieeieeneenee e 22

3. Research Methodology ............cccoooiiiiiiiiiiiiiiiee ettt see e e e sba e s s be e sbeeesaneeens 28
3.1 INErOAUCEION ...t 28
3.2 POPUIALION ...ttt st s b e e s sate e sbe e e saaeesabaesbaeesabeenas 28
33 Data COlLECHION .........coocuiiiiieee e et e 28
34 QuUEStIONNAITe SEIUCTUTE ........coooiiiiiiiiiiee e e s e s s sre e e s sareee s 29
3.5 Questionnaire Processing and Analysis............ccoccevriiiiiiiiiniiiinien e 29
4. Results and DiSCUSSION...........cccooiiiiiiiiiiiiiee ettt st nree 30
4.1 Demographic information of the respondents ................cccocueiriiiiiiiiiiiiiiniecnee e 30
4.2 Critical Success Factors for Nanotechnology..............c.ccooiiiiiniiiiiininnce 31

e
vi




4.3 Nanotechnology Transfer in GIeecCe ............cocvviviiiriiiiiiiiieniiee ettt saeesaee s 38

4.4 N-helix Nanotechnology Innovation model in Greece..............c.cccoceeriiiiniieenieeiniieenineen, 44
5. Conclusions and Recommendations................cccoooiiiiiiiiiiiiiiiiene e 47
REFEIEIICES ...ttt e bt e e s bt e s be e e sateesbee e s beesabeeesneeesneeesnreans 49

PLN 1) 112 11 1D . N TP TR PP PP 54

APPENAIX B ...t te e s ate e s be e e nate e s baesbaeesabeeenees 57

APPEIAIX C ..o e e e et e e s e e n e nre e 58

Vii



List of Abbreviations/Acronyms

Abbreviation/Acronym | Meaning

CSF Critical Success Factor

EPO European Patent Office

GDP Gross Domestic Product

GPT General Purpose Technology

GSRT General Secretariat for Research and Technology
HFRI Hellenic Foundation for Research & Innovation
IASP International Association of Science Parks

1P Intellectual Property

IPR Intellectual Property Right

NBIA National Business Incubation Association

NNI National Nanotechnology Initiative

OECD Organization for Economic Cooperation and Development
RC Research Center

R&D Research & Development

SCENIHR Scientific Committee on Emerging and Newly Identified Health Risks
SME Small & Medium Enterprises

TRL Technology Readiness Level

TT Technology Transfer

TTO Technology Transfer Office

URC Universities and Research Centers

USPTO United States Patent and Trademark Office

viii







1. Introduction

1.1 Problem background

Technology transfer (TT) constitutes an integral component within the value chain that serves
to bridge the gap between research endeavors and commercial application. The TT ecosystem is
expansive, encompassing various stakeholders such as researchers, entrepreneurs, industries, TT
specialists, and investors. Academic researchers typically perceive TT as the process of translating
their research findings into patents, establishing companies, or forging collaborations with industry
counterparts. In the context of Research Centers (RCs), TT advances further along the value chain,
involving aspects such as patents, licensing and return-on-investment to sustain ongoing RC
activities. Small and Medium Enterprises (SMEs) predominantly focus on leveraging their
intellectual property (IP) to propel their enterprises toward profitability. Conversely, larger
corporations, including multinational corporations, engage in TT through collaborative projects,
with acquisitions and utilization of patented or licensed knowledge being common practices [1].

Nanotechnology, operating at a minute scale of less than one thousandth of the width of a typical
human hair, is characterized as a horizontal, transverse, cross- cutting, disruptive and emerging
technology. Undoubtedly, it stands as a pervasive key enabling technology with applications
spanning various manufacturing processes and products. However, the transfer of nanotechnology,
hereafter referred to as “nanotechnology transfer”, presents unique complexities and demands
compared to other technological domains. Nanotechnology is inherently multidisciplinary,
involving physics, chemistry, biology, engineering, electronics, photonics, material science,
medicine and other disciplines. Each discipline possesses its distinct language, scientific
methodologies and gestation periods for technology deployment in the market [2].

Given that nanotechnology primarily evolves within the research laboratories of Universities
and RCs (URCs), there is a critical need to enhance activities aimed at extracting added value from
nanotechnology applications. In the knowledge-based society, universities have undergone a
transformation from their traditional role, centered on education and research, to a more intricate
role that includes fostering economic development through TT activities linking academia,
industry, applications and society at large [3].

In the pursuit of transitioning to a knowledge-based economy, smaller countries such as Greece
have implemented measures to support innovation, industry collaboration and the exploitation of
research outcomes. These efforts, coupled with the advent of new technologies such as
nanotechnology, present novel opportunities to rejuvenate economies and establish new industries
[4]. This assumes particular significance as traditional industries contract and global competition
intensifies. Consequently, to bolster national competitiveness, smaller nations aspire to fortify their
capacity to commercialize government research outcomes, with a specific emphasis on strategic
technologies like nanotechnology.

In light of the foregoing, the scope of this thesis encompasses an examination of the
nanotechnology innovation model in Greece. It involves assessing the extent of nanotechnology
research and entrepreneurship, scrutinizing transfer mechanisms and evaluating the utilization of




nanotechnology research results emanating from Greek URCs. The investigation also delves into
the critical factors influencing the successful commercialization of nanotechnology research
outcomes.

The present work aspires to fill a research gap in academic entrepreneurship regarding the
characteristics of nanotechnology. Furthermore, it will fill a knowledge gap regarding the study of
URC:s and countries with limited experience in commercialization of research results.

1.2 Problem statement & Research questions

While Greece has witnessed substantial advancements in nanotechnology research within
laboratory settings, the translation of these innovations into successful commercialization remains
a formidable challenge. Despite the immense potential of nanotechnology to revolutionize
industries, the journey from lab-based discoveries to market-ready applications faces numerous
hurdles. The gap between academic research and commercialization in the field of nanotechnology
in Greece is a critical issue that demands focused attention.

The challenges encompass various dimensions, including regulatory complexities, market
uncertainties, limited funding avenues and the need for enhanced collaboration between academic
institutions, industry players and policymakers. The inability to bridge this gap hinders the
realization of economic, societal and technological benefits associated with the commercial
application of nanotechnology.

This study seeks to investigate the specific challenges and opportunities inherent in the process
of transitioning nanotechnology innovations from laboratory research to successful
commercialization in the Greek context. By addressing these challenges and proposing strategic
solution, this research aims to contribute to the creation of an environment conducive to the
effective integration of nanotechnology into the commercial landscape of Greece. Ultimately,
understanding and addressing the hurdles impending the commercialization of nanotechnology is
vital for unlocking the full potential of this transformative field and fostering innovation-driven
economic growth in Greece.

In order to achieve this, important research questions should be answered by performing
extended literature review and conducting survey with a questionnaire to nanotechnology experts.
These research questions are:

e  Which are the characteristics of nanotechnology innovation model in Greece? Which
are the relations between Government, URCs, Industry and Civil Society?

e What is the level of nanotechnology research and entrepreneurship in Greece?

e Which are the critical factors for successful commercialization of nanotechnology
research results?

e What are the existing challenges and barriers hindering the commercialization of
nanotechnology in Greece?




1.3 Disposition

Chapter 2: Literature Review — In this chapter we will explain the theories and concepts that
will be used to build the literature review. In this theoretical framework we will explain in detail
research concerning academic entrepreneurship and commercialization of nanotechnology
research results.

Chapter 3: Research Methodology — This chapter outlines the quantitative approach followed
for this research to enable the researcher to answer the research questions. Details are discussed
about the methods used for the preparation of the questionnaire survey, data processing and
analyzing.

Chapter 4: Results and Discussion — This chapter summarizes and discusses the research
results. The results reported cover the expert survey and their connections with the theoretical
concepts described in literature review.

Chapter 5: Conclusions and Recommendations — This chapter presents the conclusions and
recommendations of the research. It summarizes the research’s contributions to knowledge and
recommends some directions for future research.

2. Literature Review

2.1 Innovation

2.1.1 Conceptual approach of Innovation

Innovation, a crucial factor for achieving business success, plays a pivotal role in driving
growth, ensuring sustainability and enhancing competitiveness. This multifaceted concept
encompasses a wide range of stakeholders, including government officials, scientists, business
executives, marketing specialists and consumers. The diverse perspectives held by these various
parties contribute to distinct interpretations of innovation. Consequently, there exists a varied
understanding of this fundamental concept.

From a broad perspective, innovation can be described as a journey spanning from idea
conception to market implementation. This involves taking initial concept or invention and
transforming it into a tangible product, process or service. The process encompasses various stages,
including idea generation, research and development, product creation, marketing and sales. While
inventions serve as the essential seeds for innovation, it is important to note that not all inventions
automatically result in true innovation [5].

Innovation is predominantly understood as the practical and commercial application of ideas or
inventions. According to [6], innovation can be classified into four distinct types: product or
service innovations, process innovations, marketing innovations and organizational innovations.
These categories collectively contribute to the intricate landscape of innovation. Furthermore,
innovation exhibits three degrees of novelty, as outlined by the OECD in 2005 [7]:

1. New to the firm: Innovations that are novel within the organization.

2. New to the market: Innovations that introduce something new to the industry or consumer

base.




3. Entirely new to the world: Innovations that break new ground globally.

These dimensions- types of innovation, degree of novelty and innovation nature- interact to
shape the expansive and dynamic innovation space. The combination of these factors provides
a comprehensive framework for understanding and categorizing the various dimensions and
manifestations of innovation within the business and technological landscape.

2.1.2 Innovation models

Academia, industry and government play important roles in shaping the ecosystem for
technological innovation. Academia, comprising universities and national research institutions,
serves as the idea generator. Through both basic and applied research, it lays the groundwork for
novel concepts and breakthroughs. Industry takes the baton from academia and transforms research
innovations into practical solutions. By commercializing these innovations, industry make them
accessible to the public, driving real-world impact. Government’s role is multifaceted. It
establishes the policy framework within which all parties operate. This framework ensures
alignment, fosters collaboration and facilitates the translation of ideas into tangible outcomes.

Etzkowitz and Leydesdorff [8] introduced the concept of the Triple Helix to describe an
innovative environment fostered by the interplay of government, universities and industry. This
model envisions a collaborative ecosystem where traditional stakeholders- responsible for
industrial innovation and academic knowledge creation- interact with political dimensions to drive
economic growth through top- down approaches. There are three different ways that the Triple
Helix can be implemented, as illustrated in Figure 1. The first model shows the statist paradigm
where the government directs and coordinates the interactions between academia and industry.
The second model presents the Laissez-faire model with very limited interaction among the three
partners. In the third model, which is the trilateral hybrid, there is an active interaction and
overlapping of responsibilities among the institutional partners, and thus it is the most desirable
model [9] .

Tri-lateral networks
and
hybrid organizations

State Stale\
In(@ Academia
Industry |..... Academia

Industry

Figure 1: The three models of Triple Helix [9]




The triple Helix underscores the significance of distinct pillars, often referred to as “helices”,
in driving innovation across key sectors: academia, industry and government. It places particular
emphasis on the “tri-lateral” interconnections, situated within a broader context of evolving forms.
In this framework, additional stakeholders are actively included to enhance collaboration and
foster innovation.

As a result, Carayannis and Cambell (2009) suggested a Quadruple Helix Innovation System
Framework [10]. In this context, civil society is introduced as a ‘fourth helix’ to the above stated
helices. This fourth helix encompasses domains such as ‘media’, ‘creative industries’, ‘culture’,
‘values’, ‘lifestyles’, ‘art’. The inclusion of civil society underscores the need for a more
comprehensive approach to knowledge production and innovation, emphasizing greater
integration of the public within innovation systems [11].

In the context of 21st century societal development, discussions increasingly revolve around
environmental safety and sustainable growth. To address these challenges, a novel model of
innovation- the Penta or Quintuple Helix-has emerged [12]. This innovative framework expands
upon the Triple Helix by incorporating additional dimensions. It aims to maximize the integration
of ‘green’ innovations for the benefit of both business and the state. Notably, universities transition
from mere generators of innovation to active creators of sustainable development values. These
values manifest in practices such as zero-waste production, adoption of alternative energy sources
and the use of biodegradable packaging.

The spiral (helix) nature of innovation activity arises from continuous formation of new
relationships among business, science, education and the state (Figure 2). These interactions give
rise to emerging stakeholders with a keen interest in innovation. At each coil of this helix, fresh
innovation needs emerge from society and the state. These needs find expression in the scientific
and industrial collaboration between businesses and the state. Over the past two centuries, the
transformation of classical universities into entrepreneurial institutions has forged novel
connections between business and government. Beyond mere technological advancements and
know-how, these connections foster values associated with social and environmental innovation.
Concepts like crowdfunding, crowd investing, and the fruits of digitalization & technological
convergence play a key role in shaping this dynamic landscape [13].
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Figure 2: Transformation of models of innovative economic development- from a Triple to a Penta
Helix [12].

2.2 Technology Transfer

2.2.1 Technology Transfer definition

Technology, as defined by various researchers, plays a significant role in shaping research
design, outcomes and government policies. From different perspectives, technology emerges as a
multifaceted forced driving progress. First, it represents specialized knowledge applied practically
to achieve specific objectives. Scientific understanding is harnessed to create products or services
that meet existing or emerging needs. Second, technology embodies a fusion of intellectual
creativity and physical innovation. It augments human capabilities, enhancing skills across diverse
domains. Lastly, technology encompasses scientific and technical expertise related to processes,
procedures, work programs and tangible elements (such as equipment and documentation). This
knowledge empowers individuals to design, manufacture, operate, maintain and market products
or complete specific tasks. In summary, technology bridges knowledge and practical
implementation, shaping our world through continuous advancement [14].

In general, technology consists of two primary components:




1) A physical component which comprises of items such as products, equipment, blueprints,
techniques and processes.

2) The informational component which consists of know-how in management, marketing,
production, quality control, reliability, skilled labor and functional areas.

The concept of ‘technology transfer’ implies that the focus of the transfer lies in the technology
itself. Although this express is quite broad, it’s essential to recognize that the term ‘technology’
originates from the Greek words ‘tecnhologia’ (combining ‘techno’ for art, skill and logia for
study). This wide-ranging term warrants further explanation.

Technology Transfer is an integral aspect of the innovation process. It defies linearity and
predictability, operating across multiple actors and stages. TT encompasses various activities,
including the identification and development of novel technologies, safeguarding them through
suitable intellectual property strategies (such as patents or copyrights) and devising plans of
development and commercialization (such as licensing or creating new companies)[15].

Formal channels of TT encompass training, education, funded collaborative research and
technical services. Informal mechanisms, on the other hand, involve diverse exchanges between
researchers and those involved in technology applications. Additionally, structured knowledge
sharing occurs through papers and events. The most common avenues for technology transfer
include published literature, patents and presentations at conferences, workshops and webinars.

TT takes on different meanings for various participants in the process. Each entity plays a role
in the value chain, spanning from knowledge creation to commercialization. Higher education and
research institutions view technology transfer as a goal once research and development have
progressed. Their aim is to secure buy-in from companies (including funding) or to patent a
technology. Companies, on the other hand, initiate technology transfer after completing research,
development and prototyping. Once the technology is ready (often through licensing), it can enter
production (typically starting with pilot-scale production before full- scale implementation)[16].

2.2.2 Technology Transfer mechanisms

The process of TT usually involves the transmission of technological innovation from a donor
organization (e.g. URCs) to a host organization (e.g. company). So, this process includes all the
stages related to the activities from R&D to commercial exploitation and beyond.

The transfer of technology has multiple objectives such as: the closer connection of the URCs
with the industry, the enhanced prestige of the URCs, the social benefit, the strengthening of
entrepreneurship, the increase of employment/work, the economic benefit and finally the
strengthening of the national and regional economy. Additional benefits provided by the transfer
of technology to URCs are its function as a means of promotion and attraction of students, staff
and additional funding from industry. For this reason, it has been recognized as a potential source
of revenue especially in the current economic situation, where URCs receive reduced financial
support.

TT from URCs is implemented through various mechanisms, such as publications, education,
collaborative research, consulting activities in industry, licensing, the creation of spin off
companies and joint ventures. The models and mechanisms for the exploitation and transfer of

e
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R&D results include various phases where strategic decisions and criteria have been set and are
mainly implemented through the mechanisms of licensing and the creation of spin-off companies.
[17]

Intellectual property (IP) is an important part of the commercialization of technology as it
legally protects the property in order to pursue sales, licensing, spin-off companies, joint ventures
and other types of agreements. Patenting the technology is the most often mean of IP protection as
it gives ownership recognition and a legal basis for preventing potential usurpers. It should be
mentioned that in several URCs, a large percentage of R&D activities are carried out in close
cooperation with industrial bodies [18].

In that case, the copyright or patents belongs to the companies that fund the collaboration.
Consequently, the results of such collaborations are implemented and utilized mainly by the
companies involved. Whereas in the case of state- funded research, URCs have the freedom to
commercially exploit the results of this research.

Publications can be a technology transfer mechanism, as articles published in scientific journals
are the most common means of technology dissemination. Publications are intended for academic
researchers and not for potential users. So, publications can be a suitable vehicle for the
dissemination of R&D results, but they are not an effective mechanism for commercial action or
exploitation.

Spin off companies are new companies created by individuals who are former employees of an
organization or arise from the transfer of technology from an organization. So, spin off companies
are the transfer of a technological innovation to a new business activity- company founded on the
basis of this innovation. This approach of company formation is also known as the inventor-
entrepreneur approach whereas when URCs encourage surrogate (external) entrepreneurs to
assume the leadership role are called spin out companies [19], [20].

The research on spin off companies does not focus only on the company but mainly on the
environment, the infrastructures, the supporting mechanisms and the national policy that support
their creation and development. Druilhe and Garnsey [21] propose the categorization of corporate
spin offs according to the type of activities and the resources required. The effect of resources on
the creation process of the spin off companies has been recognized. The resources required by
academics engaged in entrepreneurial actions vary considerably, depending on the activities of the
spin off companies and their skills. Thus, they distinguish 5 categories of spin off companies as
can be seen in Figure 3, where the differentiation of the activities of the spin off companies is
represented according to the resources required and the skills of the academics who were active in
the creation of the company. It seems that, the business models of corporate spin offs are modified
as academic entrepreneurs improve their knowledge of the resources and opportunities available
to them.

According to this study, the most affordable business model is spin off companies active in
consulting activities and services. In contrast, spin off companies related to the production of
products must create production infrastructures. Infrastructure, however, requires capital funding
and this may be beyond the skills and experience of academics. According to this study, another
affordable business model is spin off companies that are active in creating a portfolio of patents
that can be licensed or sold to customers. Therefore, in this way the spin off company exploits IP
rights (IPRs) commercially or creates new ones through R&D activities.

e
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Figure 3: Categories of spin off companies depending on the required resources and skills [21].

Licensing is the assignment/transfer of rights to create/use/ trade a product/ design or process
or other actions from one entity that has the right, to another entity. Licensing royalties are usually
given in exchange for licensing an innovation. The amount paid from the assignment of rights
(licensing royalties) can be a significant source of revenue for further research by URCs. URCs
can choose the method of licensing payment either with a fixed amount or as a percentage of the
units/products sold (unit royalty). Licensing contracts usually include both ways [22].

In order to avoid the dilemma of choice regarding the payment of licensing, URCs can
participate in the share capital in the case of the creation of a spin off company in exchange for the
right to use their IPs. There are three advantages to obtaining an equity interest over licensing
royalties. First, the percentage of the spin off company’s share capital provides financing
opportunities to URCs from the company’s future revenues. Secondly, the agreements with
percentages on the equity capital of the spin off company, create the alignment of the stakeholders
of URCs and the spin off company with a common goal of commercializing the technology.
Thirdly, the percentages from the share capital can be an indication and act as a way of certifying
the entrepreneurship nature of URCs. The existence of URCs, as a shareholder of a spin off
company, is an indication to its investors that it has a valuable technology, and that URC is
convinced of the value of the technology that the company has exploited.

2.2.3 Technology transfer agencies

There are many countries that have developed various intermediary structures in order to
support TT activities. Thus, many URCs have created Technology Transfer Offices (TTOs) and
take part in the research commercialization system consisting of spin off companies, incubators,
science and technology parks and industrial bodies. All mechanisms of this system can be key
members of a cluster in a region. In addition, this ecosystem may include entrepreneurship training
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activities and initiatives such as funding for the creation of spin off companies [23]. Regional
entrepreneurial university ecosystems are key structures for economic growth. Carayannis et. al.
[24] explored and profiled the nature and dynamics of the Quadruple/ Quintuple Helix Innovation
System model in such regional agglomerations of organizational and institutional entities.

The TTOs are considered by many to be the main determinants of the success of the URCs in
terms of the process of commercial exploitation of the research results [25]. In the USA, TTOs
were established in 1980, when the Bayh-Dole act was instituted, while in Europe they were
established much later.

The involvement of TTOs in the process of technology transfer and commercial exploitation by

URCs, is shown in Figure 4 [26]. The process begins with an invention by a URC
scientist/researcher. After completing the registration of the invention with the TTO (invention
disclosure), then the scientist/researcher together with the TTO officials decide whether to patent
the innovation developed. The TTO assesses the prospect of commercial exploitation and monitors
the interest expressed by industry. URCs usually have limited amounts of funding to file patents
which are usually high cost. When the patent has been assigned then the commercial exploitation
method should be chosen. The choice concerns the creation of a spin off company or licensing. In
the case of licensing, TTO can promote the technology to the market with the collaboration of
scientists/researchers. The next stage involves working with the companies and entrepreneurs in
order to negotiate the licensing agreement. In the case of the decision to create a spin off, the
scientist/ researcher in collaboration with the TTO will prepare the business plan and seek funding.
When the spin off company is created then the scientist/ researcher can act as a scientific partner
or become a member of the board of directors and in addition receive part of the share capital. In
the final stage, the technology is commercialized by turning it into a product either by existing
companies or by creating a spin off company.
The National Business Incubation Association (NBIA) of USA [27] uses the following definition
for business incubators: They are a dynamic business development process. This aims to hatch
new businesses, to receive support so that they can survive during the period when they are created
and are most vulnerable.

Incubator support activities include access to financing, business, technical and administrative

services, rental space, offices, facilities, equipment. In addition, support includes access to
networks of business or technology advisors capable of providing guidance and support on a
variety of financial, business planning, marketing and legal support issues.
Obviously, not all incubators are efficient. Some of the reason incubators fail is the fact that while
entrepreneurs are looking for high level experience and capital, the majority of incubators focus
on infrastructure or simply fail to deliver the services they initially committed to and furthermore,
with the same personnel services they provide in companies, the choice of entrepreneurs about the
required resources is limited [27].

A business incubator must fulfill five actions in order to ensure its success: a) establish clear
indicators of its success, b) provide business leadership skills, ¢) develop and deliver value-added
services to host companies, d) develop a sound process for selecting new businesses and €) ensure
that host companies access to the required human and financial resources. The entrepreneurial
ecosystem plays a moderating role in the relationship between incubator strategy and performance
and co-opetition significantly improves incubator performance [28].
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The International Association of Science Parks (IASP) [29] uses the following definition: A
S&T park is an organization managed by specialized professionals whose main objective is to
increase
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Figure 4: The involvement of the TTO in the activities of commercial exploitation of research results
from the URCs (URI) [26].

the wealth of its community by promoting the culture of innovation and competitiveness of
business based on knowledge. In order to achieve these goals, an S&T park includes the following
activities: maintains links with URCs, manages knowledge and technology between URCs and
companies, facilitates the creation and development of spin off companies, provides value added
services and infrastructure in order for businesses to consolidate their actions.

Many URCs have established incubators and S&T parks in order to provide spaces that facilitate
the creation and growth of spin off companies[30] [31]. S&T park initiatives are based on the idea
that the environment in which a spin off company is established, influences its growth. Park
location provides distinct advantages over establishing an off-park company. According to this
claim, research has shown some advantages for park-based spin-off companies, such as being
located at a “prestigious address”, showing “social sensitivity”, or that have an “image effect”.
According to studies, companies located in parks report that they benefited in terms of company
image and had a higher survival rate than companies outside parks. Their high survival rate
indicates that their needs are being met. The benefits that the companies reap from the location are
mainly due to their collaboration with the universities in a way that the needs for their initial
development are covered and at the same time the way for their further development is prepared
[32].

2.2.4 The transformation process from the idea to the realization of the innovation

In Table 1 the structured breakdown of the transformation process from idea to innovation is
presented, considering the Technology Readiness Levels (TRLs) [33]. The inception of any
innovation begins with a spark- an idea that holds the promise of solving a problem or capitalizing
on an opportunity. Researchers, inventors or entrepreneurs embark on this journey by identifying

e
11




a need or envisioning a novel solution. At TRL 1, the concept remains abstract. Brainstorming
sessions, market research and user need assessments lay the groundwork.

As the idea matures, it advances to TRL 2. Here the concept takes on a more tangible form.
Researchers conduct feasibility studies, perform basic simulations and explore the technical

landscape.

The heart of innovation beats within the realm of design and development. At TRL 3, the idea
blossoms into a detailed design. Prototypes emerge and researchers validate functionality, assess

risks and refine their vision.

By TRL 4, the innovation acquires a functional prototype. Controlled experiments reveal its
strengths and limitations. Researchers scrutinize performance metrics, reliability and safety.
Iterative improvements shape the design, inching it closer to real world applicability.

At TRL 5, the innovation steps out of the laboratory, into relevant environments. Field tests
simulate real world conditions. Scalability and manufacturability demand attention. Researchers

grapple with the delicate balance between ambition and practicality.

TRL 6 marks the arrival of a fully functional prototype. Rigorous testing ensues and data pours

in, informing decisions.

TRL 7 heralds the pilot scale production phase. Innovators optimize processes, address supply
chain complexities and fine tune manufacturing workflows. The innovation inches towards mass
production. Regulatory compliance and safety certifications come into play.

At TRL 8, large scale production lines hum with activity. Innovators collaborate with
manufacturers, distributors and end users. Market entry strategies take shape, and the world awaits.

Finally, at TRL 9, the innovation transcends novelty. It permeates everyday life, and the market
embraces it. Continuous improvement cycles kick in, fueled by user feedback and changing

landscape.

Table 1: The ten stages of the transformation process from the idea to the realization of the innovation [33].

preliminary decision on start-up or
joint venture

# Stage Focus of activities TRL and Comments
Critical
Milestone
1 | Birth of idea Originality, non-ambiguity, TRL 1 Start of the process,
formulation, potential utility, sometimes not clear or
precursors obvious
2 | Proof of concept Hz020/ERC/Ideas proposal, clarity of TRL 2-3 | Preliminary proof of concept
formulation, precision, reformulation, CM1 for generic application
previous work
3 | Research & Haz020/RD proposal, rigorous research, Systematic and rigorous RD,
Development potential applications, confidentiality reformulation and
realignment if necessary
4 | IPR protection Patent or keep secret, first open TRL 4 | Crucial decision on
announcement protection before first open
announcements
5 | Technical feasibility Potential applications followed by TRL 5 | Decision on which specific
validation focused tests on technical feasibility, CM2 application to focus on,

seeking support for industrial
tests
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6 | Scale up H2020/SME Instrument proposal, pilot First exposure to real world,
tests, pilot plant processing, industrial decision on appropriate
advice, final decision on start up or scaling up
joint venture

7 | Industrial prototyping Design and building industrial TRL 6 | Based on pilot tests build and
prototype, probably in collaboration test an industrial prototype
with industry for application

8 | Industrial viability Economic viability of the industrial TRL 7 | Cost-benefit analysis to

testing prototype CM3 prove economic viability

9 | Industrialization Innovation is ready. Actual TRL 8 Lessons learnt finally applied
installation in industry or actual in industry
production of a product

10 | Commercialization Valorization of the innovation and TRL 9 | Final Innovation in industrial
industrial production or marketing production and sales
and sales

2.3 Nanotechnology Research & Entrepreneurship

2.3.1 Introduction

Nanotechnology operates at the nanoscale, where the manipulation of matter yields remarkable
properties and functionalities, at the nexus of physics, chemistry, biology and engineering. This
interdisciplinary convergence has unlocked a wave of transformative potential that is propelling
advancement in a variety of fields, including materials science, energy, electronics and healthcare.
Moving beyond the confines of the laboratory, we enter the world of entrepreneurship, where the
results of research on nanotechnology can flourish in terms of commercialization and societal
impact.

2.3.2 R&D in Nanotechnology

Nanotechnology can be considered as a General-Purpose Technology (GPT) that can be applied
in every economic sector. A GPT is defined as a fundamental invention that is “shared within and
across industries and enables valuable inventions and innovations”, fostering valuable innovations
in diverse technological domains [34]. Hence, nanotechnology emerges as a crucial driver of
advanced innovations and the evolution towards a knowledge-centric economy. Due to its GPT
nature, nanotechnology has also brought about a “disruptive” and “revolutionary” impact on
industrialization and wealth creation [35].

Kuhn, in his theory of scientific revolutions, describes scientific development through a process
of evolution and replacement of scientific theories. According to this theory, there are periods of
stability (referred to in normal science), punctuated by periods of crisis that lead to a revolution
and a new normal science [36].

The process for scientific development according to Kuhn’s theory is shown in the Figure 5.
Normal science solves problems of a particular period, while unsolvable problems are an anomaly.
In the case of failure to solve problems, these anomalies act as a brake on scientific development.
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On the other hand, the barriers created encourage testing of any innovation that will revolutionize
and contribute to scientific development.

Pre-science

Normal
Science

Figure 5: The process for scientific development.

The long-wave theory of Schumpeter explains the “technological revolution” underlying
Kondratieff cycles or long wave of economic growth. According to Schumpeter, the phenomena
of Kondratieft’s five long cycles are a cause of technological change [37].
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Figure 6: Schumpeter's Wave of Economic Growth.
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From these 5 Kondratieff cycles, it is clear that nanotechnology can be a springboard for
important scientific discoveries (Figure 6). According to [38], [39] nanotechnology can be seen
as the sixth circle of Kondratieff that will bring about drastic changes in research and production.
Based on Kuhn’s and Schumpeter’s theory of scientific and technological revolutions,
nanotechnology is an evolution of normal science on solving problems of industrial production.
This development can be realized through R&D activities in nanotechnology, so as to ensure future
scientific and technological development.

The EU Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR)
has defined nanotechnology as follows:

“Nanotechnology is the term given to those areas of science and engineering where phenomena
that take place at dimensions in the nanometer scale are utilized in the design, characterization,
production and application of materials, structures, devices and systems. Although in the natural
world there are many examples of structures that exist with nanometer dimensions (hereafter
referred to as the nanoscale), including essential molecules within the human body and
components of foods, and although many technologies have incidentally involved nanoscale
structures for many years, it has only been in the last quarter of a century that it has been possible
to actively and intentionally modify molecules and structures within this size range. It is this
control at the nanometer scale that distinguishes nanotechnology from other areas of technology.”

Definitions are typically a compromise because they must be understandable to users in order
to have clear manufacturing and safety guidelines, to be marketed or to be supplied to another
company, among other users. The Responsible Nano Code [40] was created because minimizing
risks- both known and unknown- must come first. The code was intended to be implemented by
businesses of all sizes, across all nations and in all legal frameworks. Additionally, it is based on
seven tenets that are essential to the ethical advancement of nanotechnologies: 1) Stakeholder
involvement, 2) board accountability, 3) worker health & safety, 4) public health, safety,
environmental risks, 5) broader social environment, health and ethical implications and impacts,
6) business partner engagement, 7) transparency and disclosure.

Encompassing nanoscience, engineering and technology, nanotechnology involves the
imaging, measurement, modeling and control of matter at this size scale. At the nanoscale the
physical, chemical and biological properties of materials differ greatly from the properties of
individual atoms, molecules and matter. In order to exploit these properties, R&D activities in
nanotechnology are oriented toward understanding and creating improved materials, devices and
systems [41].

The activities, procedures, raw materials, suppliers, essential resources and equipment needed
to prepare the product are collectively referred to as the value chain. Utilizing the value chain
framework in nanotechnology (Figure 7) enables decision-makers to classify research areas based
on their contributions. Nanomaterials primarily align with fundamental research, while nano-
intermediates are associated with applied research. The intermediate stage is where most of the
innovation in nanotechnology is taking place and the stage with the greatest profit potential. Most
of the companies in the nano-intermediates are new start-ups. Larger commercial entitles typically
focus on nano-enabled products and services. Nanotools, which are used to manipulate and
assemble nanomaterials are an important aspect of the nanotechnology value chain. Analyzing
nanotechnology patents through this framework can significantly aid policy decisions and future
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planning efforts. Consequently, there is a need to establish supportive mechanisms to foster the
development and patenting of more advanced nano-intermediate and nano-enabled products [42].
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Figure 7: The nanotechnology value chain [42]

2.3.3 Critical Success Factors of Nanotechnology commercialization

According to [43], nanotechnology R&D rely on six interconnected factors crucial for success:
(1) understanding consumer demands and preferences, (2) integrating nanotechnology with
existing industries and market requirements, (3) fostering multi- and interdisciplinary
collaboration, (4) promoting technological convergence, (5) ensuring access to proficient R&D
expertise (both scientific and entrepreneurial) and (6) cultivating an environment conducive to
innovation. These six CSFs are interrelated, constructing the Nanotechnology Innovation Diamond
depicted in Figure 8.
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The core of success in nanotechnology R&D lies in understanding consumer demands,
preferences and acceptance, especially in fields such as medical, environmental, agricultural and
food applications. The market for products utilizing nanotechnology is continually influenced by
consumer needs and preferences. Consequently, for nano innovations to thrive, the must gain
acceptance from end consumers, the public and industry stakeholders.

Meeting the demands of the market and industry entails integrating nanotechnologies into
existing industries and addressing socio-economic needs (referred to as nanotechnology-
hybridization). Examples of this integration include nanomedicine, nanoelectronics etc. Moreover,
a single nanoscience breakthrough may have diverse applications across various technical fields.
Consequently, nanotechnology researchers must continuously explore ways to align their
innovations with current industry requirements and socioeconomic demands.

Nanotechnology transcends individual disciplines. It operates within both multidisciplinary and
interdisciplinary frameworks. The convergence of numerous disciplines is exemplified by NBIA,
which is regarded as the research frontier with the greatest potential for groundbreaking
advancements. Effective nanotechnology breakthroughs typically involve collaboration among
researchers from diverse fields. Furthermore, given its multidisciplinary scope and applicability
across all technological domains, successful implementation of nanotechnology necessitates
interdisciplinary research teams and engagement within high tech industry clusters.

The effective execution of nanotechnology R&D initiatives hinges on the presence of “scientist-
entrepreneurs, individuals skilled in both theoretical and practical research, academic publication,
intellectual property management and the commercialization of R&D breakthroughs.
Consequently, it is imperative to establish appropriate educational systems to nurture these
“scientist-entrepreneur”. The Triple- Helix model is essential for developing a robust education
and training framework. Collaboration between universities, businesses and government facilitates
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a deeper understanding of and response to the education and skill requirements of the private sector
and government. This collaboration also prompts industry and government to support education
by offering student internships, work-based learning opportunities, scholarships and funding joint
research endeavors. As a result, strong partnerships between industry and academia are formed,
fostering the development of human capital in science, engineering and technology.

Nanotechnology innovations hold the potential to benefit all sectors of industry. Therefore,
nanotechnology researchers must continuously explore opportunities across various industries to
uncover potential applications for their advancements. By establishing themselves in science parks
or in close proximity to other industries, nanotechnology enterprises can enhance their capacity
for innovation and increase their chances of commercialization. High tech clusters offer numerous
advantages, including knowledge sharing, industry associations, the exchange of tacit knowledge,
access to specialized infrastructure like nanofabrication facilities and readily available skilled
labor. These factors create opportunities for integrating nanotechnology innovations with other
industrial sectors. The emergence of nanoclusters in the field of nanotechnology, along with their
superior comparative performance, underscores the significance of technological agglomeration
for the success of nanotechnology research and innovation.

Another essential element driving successful nanotechnology R&D is the creation of a
favorable innovation environment, facilitated by collaborative efforts among universities, research
institutions, government entities and industry, utilizing systems like the Triplet Helix model and
Public- Private Partnerships.

2.3.4 Mapping of nano-activities

Due to the perspective of nanotechnology, most countries and international organizations have
included it as one of the priorities of their science and technology policies. Individual researchers,
representatives of national governments implement R&D mapping activities in nanotechnology at
international levels.

Nanotechnology publications are the most appropriate measure of scientific excellence. Figure
9a indicates a linear increase of research papers in the subject of nanotechnology over the last few
years, with 16.397 publications in 2000 rising to 246.732 in 2022. Furthermore, as the Figure 9b
illustrates, China holds the top spot in 2023 with 110.622, having a long distance from the second
India and third USA with 25.882 and 22.260 respectively. Among the countries of the European
Union, Germany and the United Kingdom stand out [44].

The different rate of research production for each country is due to the fact that in many
countries different conditions prevail, such as the rate and level of development, the level of
education, of human resources, the characteristics of the industry.
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Figure 9: a) Evolution of global nanotechnology publications from 2000 to 2023, b) Top 10 countries
in nanotechnology publications for 2023 [44]

Patents reflect the ability to transfer scientific results to technological applications and are often
a prerequisite for the exploitation of research results. For this reason, their use in the analysis of
the economic perspective of a technology is of central importance. Equally important is the
identification of the most efficient and distinguished geographical regions worldwide in patents.

Figure 10a illustrates the evolution of nanotechnology patents filed in the two largest patent
offices, the United States Patent & Trademark Office (USPTO) and the European Patent Office
(EPO), from 2001 to 2023. In general, it is observed that the number of patents filed in the USPTO
is more the EPO patents each year. For both type of patents, there is a continuous increase for the
period 2001-2015. Since then, for the USPTO patents the growth rate has decreased while for EPO
patents there has been a period of faster growth rate followed by a period of decline. However, in
recent years there seems to be a trend towards an increase in the number of EPO patents. In 2023,
the USA has filed by far the most nanotech patents in both offices, while Germany has the largest
number of both USPTO and EPO patents, among European countries (Figure 10b,c) [45].

T T T T T
10000 ——USPTO |
——EPO

@2

& 8000 .
©
o
>
(o))

S 6000 - -
o
C
<
[
Q

S 4000 - -
C
(9]
z

2000 i

0 T T T T T
2000 2005 2010 2015 2020 2025

Year




g
5
3

b) I EPO| <) [_JusPTO

Italy UK ]
Netherlands France :I
Switzerland Canada :I
UK Germany :I
China £ saudi Arabia | |
Japan é Japan :l
South Korea Taiwan :l
France china| |
Germany South Korea
USA USA
0 100 200 300 400 500 600 700 800 0 10|00 20|00 30'00 40'00 50'00
Nanotechnology Patents Nanotechnology Patents

Figure 10: a) The evolution of EPO & USPTO nanotechnology patents from 2000 to 2023. Top 10
countries with the highest number of b) EPO and ¢) USPTO nanotechnology patents [45].

As far as entrepreneurship in the field of nanotechnology is concerned, according to StatNano,
the USA is dominant with 1632 companies. This fact can be directly related to the large number
of nanotechnology patents held by the same country, as we described above. The second country
is China with 453 companies, followed by Germany, as the representative of the EU, with 409
(Figure 11a).

According to Figure 11b, the most nanotechnology companies (13.37 %) operate in the
construction sector, where nanomaterials play an important role. Medicine (12.42%) and textiles
(11.98%) are the next most important areas of business for nano companies. On the other hand,
there are only few (1.21%) nanotechnology companies active in sports & fitness industry.
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As far as developments in most areas of nanotechnology are concerned, these are often
associated with technical installations that require high-cost infrastructure investments. Therefore,
research in nanotechnology and the development of products based on it, require a high degree of
integration between URCs, spin-off companies, regional bodies and research facilities. USA,
China and Germany, as representative of EU, due to their impressive indicators described above,
worth further analysis concerning nanotechnology transfer and entrepreneurship strategies.

USA was the first to introduce an interagency program for coordinating, planning, and
managing R&D in nanoscale science, engineering and technology called The National
Nanotechnology Initiative (NNI) [46]. It was established in 2001 by President Clinton after a
succession of breakthrough nanoscale discoveries in 1999. The divergence nature of NNI created
knowledge is reflected to the over thirty participating agencies. The Initiative has successfully
achieved the development of an active global community of professionals and organizations
involved in different aspects of the multidisciplinary nanotechnology industry, influencing the
culture of scientific research by fostering interdisciplinary academic research partnerships and
establishing cutting edge nanotechnology infrastructure across all 50 states in both government
and academic institutions. An R&D investment of $40 billion by 2023 is estimated [47]. In
addition, Silicon Valley, where some of the world’s foremost clusters of varied industries are
located, offer significant opportunities for nanotechnology startup companies [48].

The infrastructure and guidance required for this shift from manufacturing dubbed to an
innovation driven, knowledge-based economy have been greatly aided by China’s central
government. Since 2020, Chinese national R&D investment as share of GDP has surpassed the EU
average while closing in United States (Figure 12) [49]. China’s growing share of global R&D
investments and innovation performance is also reflected in the steady increase in patents currently
in force in China. This rapidly transformation of China as leader in science and innovation has
been attributed to an increasing investment in the establishment of science parks, as characteristic
example of the triple helix innovation model, supported by large national investments and a strong
positioning of science and technology in national policymaking, planning and strategic programs
since the beginning of the 1980s. The “Nanopolis” in Suzhou is the focal point of China’s
nanoscience infrastructure. This nanotech industrial zone is the biggest in the world. It is home to
numerous international corporations as well as Chinese nanotechnology startups. Recently, it was
announced the establishment of the Zhangjiang Science City in Shanghai and the Huairou Science
City in Beijing as new type of science parks. The construction plan for Huairou Science Park was
included in the 13th Five-Year Plan for Beijing in January 2016, and formally approved by Beijing
Municipality in November 2016. The plan’s stated ambition is to turn the capital of China into an
international high-tech and scientific center. The Huairou Science City is envisaged to be fully
operational by 2035. It is planned to span more than 100 square kilometers, and host 16 large-
scale, cross-disciplinary research institutions (e.g., a High Energy Photon Source), almost 50.000
researchers, and the main campus of the University of Chinese Academy of Sciences (UCAS). The
Beijing municipal government alone has committed to spend USD 2.27 billion on this major
science infrastructure project The Huairou Science City covers the five major scientific areas of
space science, material science, earth system science, life sciences, and intelligent science and will
contain a large number of research institutes including the Institute of Nanoenergy and
Nanosystems [50].
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Research and Innovation in nanotechnology are well-established in Germany. Numerous top-
tier research institutes (Max Planck Institutes, Fraunhofer Society), academic institutions
(Technical University of Munich, RWTH Aachen University) and clusters specializing in
nanoscience and nanomaterials are located there. German businesses actively work with academic
institutions to create and market applications utilizing nanotechnology. The close cooperation of
industry and academia makes technology transfer easier. The country has a history of making
consistent investments in R&D in a number of fields, including nanotechnology. Innovative
research is financed by both public and private sources and nanotechnology transfer is promoted.
Furthermore, Germany has a strong IP law system that supports entrepreneurs and inventors.
Ensuring that innovations are recognized and monetized is one way that robust intellectual
property protection. In addition, Germany has set up networks and industry clusters dedicated to
nanotechnology. These platforms facilitate collaboration and knowledge exchange by bringing
together researchers, startups and established companies. The country’s most advanced science
and technology park, Berlin Adlershof, act as a center for many different fields, including
nanotechnology. Moreover, the Heidelberg Technology Park is a communication platform where
researchers, developers, startups, research institutions and large-scale companies collaborate.

2.3.5 Nanotechnology transfer in Greece

In Greece there are universities and research centers located all over the country. The
universities are active in educational and research activities and about half of them are multi-
disciplinary type while others focus on technological, agricultural, artistic, economic and business
studies. All Greek universities are state self-governing organizations supervised by the Ministry of
Education Religious Affairs and Sports.

While universities remain under the supervision and funding of the Ministry, their research
activities are funded mainly from other sources. These funding sources include the General
Secretary for Research and Technology (GSRT) of the Ministry of Development, the European
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Commission and industry. The whole system works “bottom up”, so the orientation of the research
activities depends on the personal strategies of the faculty members and on the potentiality of the
various funded programs.

As for the research center in Greece, they have strong ties with universities, although they are
independent organizations. State research centers are self-governing organizations and are
supervised by the GSRT. The sizes of the research centers differ since they have been created in
different periods of Greek economic history and display a different culture and dynamic.

The business sector is the weakest part of the Greek R&D system. Businesses in Greece that
were to be modernized and grow usually depended on technology transfer and technological
support from abroad. Such an approach does not contribute to the development of research
activities within the companies themselves [51]. However, efforts are being made for Greek
businesses to cooperate with the URCs, aiming knowledge and technology transfer.

Since 2000, there has been a significant development in Europe’s innovation policies.
Innovation policies, funding possibilities and performance differ significantly between European
countries, while optimal policies tend to focus on various directions, according to national needs.
Towards this direction, the Greek governments prioritized the transition to a knowledge-based
economy, the promotion of entrepreneurship, regional development and the opening to Europe and
the world [52].

Efforts to transition to the knowledge- based economy led to measures to support innovation,
research, collaboration with industry and the utilization of the results of government- funded
research [53]. The main national policies on R&D and innovation are implemented through the
«EXTIA» programs by the Ministry of National Economy and Finance, which largely reflect the
new priorities of the European Commission and the new development priorities of Greece for the
coming years [54]. Additional funding sources are the Hellenic Foundation for Research &
Innovation (HFRI) as well as the Horizon Europe program by the European Commission [55],
[56]. Within the framework of these national and European funding programs, URCs and
companies have been jointly enlisted in order to facilitate research collaboration and technology
transfer.

Greek URCs have made significant progress in nanotechnology R&D and are active specifically
in the fields of nanomaterials, micro-nanoelectronics and nanobiotechnology. As a result, Greek
research, innovative activities in nanotechnology today cover a wide field of scientific and
technological topics and include applications such as nanomedicine, smart materials, organic
electronics, catalysts, etc.

Most of these groups (either laboratories or individuals) are members of the two
nanotechnology networks in Greece.

The thematic network NanoNet [57] is an initiative, started in 2003 by the Aristotle University
of Thessaloniki (AUTH). Various organizations such as laboratories from universities, research
centers and companies participate in NanoNet from Greece, Balkans, Europe and USA. The
network coordinates the services of the AUTH laboratories, but also of other laboratories in Greece
and abroad, which are active in the area’s nanotechnologies and nanobiotechnologies.

The MicroNano Scientific Society [58] was founded in 2004. It is a civil non-profit non-
governmental organization that brings together the entire academic community of the country,
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several technocrats and companies active in the scientific field of Digital Technologies,
Micro(Nano)electronics and Micro(Nano)technology.

The technology transfer and the creation of spin off companies are supported by various
government funding initiatives that have as their ultimate goal the promotion of innovation and
the modernization of Greek industry. These initiatives have led to the creation of a critical mass of
supporting mechanisms in Greece for the transfer of technology from URCs and the strengthening
of academic entrepreneurship.

In the last decades, most Greek URCs have created technology transfer offices. The existence
of TTOs facilitates and accelerates TT activities while their experience ensures the success of their
activities [59],[60]. In particular, in nanotechnology, which is mainly developed in URCs,
appropriate commercialization supported by these is necessary for use in applications.

The first state initiatives for the development of technology parks and incubators were
undertaken in 1989. Their goal was to create supporting mechanisms for spin-off companies,
which will be “close” to the research infrastructures of the URCs. State policies encouraged URCs
to commercialize R&D results and also aimed to attract other businesses to benefit from access to
knowledge produced by URCs. In this way 6 Science and Technology Parks were created in
different regions of Greece:

LEFKIPPOS Attica Technology Park [61] was established at National Centre for Scientific
Research Demokritos and is located within the Center’s facilities. Its purpose is to enhance the
development of new companies and strengthen their efforts to commercialize innovative ideas and
cutting-edge technologies.

Patras Science Park [62] was an initiative of the Foundation for Research and Technology and
the Institute of Chemical Engineering Sciences (FORTH/ICE-HT) back in 1989, that became in
2001 an independent Public Limited Company owned by the Greek Ministry of Finance. Its
primary objective is the promotion of innovative technological units and businesses.

Lavrion Technological Cultural Park [63] replaced the old French «Compagnie francaise des
mines du Lauriumy in 1992 at the initiative of National Technical University of Athens and with
the cooperation and support of the Lavrion social agencies, Hellenic Republic and the European
Union. The LTCP aims to connect the scientific and technological research carried out at NTUA
with the needs and interests of the business world.

Science & Technology Park of Crete (STEP-C) [64] is an action by the Foundation of Research
& Technology- Hellas that dates to 1988. The main goal of the park was to present the important
research activities of the Institutes to society and at the same time to contribute substantially to the
development of the region. Thus, the main role of STEP-C is to disseminate the know-how
produces in the URCs of the region and to provide services to businesses established in its
premises.

Scientific and Technological Park of Epirus (STEPE) [65] was founded in 1999 by the
University of loannina and the Region of Epirus. The construction and equipment were financed
by the Epirus PEP 2000-2006 of the 3" Community Support Framework and Thessaly-Sterea
Hellas- Epirus OP 2007-2013 of the NSRF. Since 2003, the management company “Scientific and
Technological Park of Epirus SA” has taken over the operation of the park. The mission of STEPE
is to be the main support body for the introduction of new and innovative technologies in both the
private and public sector.
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In 2019, the creation of the Thessaloniki Innovation and Technology Center (Thess INTEC)
[66] was announced. The park is set to host educational, research, financial and industry bodies
allowing direct communication between stakeholders. Private investors, large business interests
and individual patrons have already expressed interest in the park.

According to [49], there is an increase in funding for R&D in Greece. From 0.55% in 2003,
R&D investments as share to GDP raised to 1.46 % in 2021 (Figure 13). The expenditure in R&
D is acknowledged that leads to product and process innovations, if the country comply with the
European funding strategy, promote the creation of regional technological hubs and combine the
national economic priorities with the international scientific and technological trends, such as
nanotechnology [67].
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Figure 13: Greece spending on R&D.

Table 2 summarizes the trends of nanotechnology publishing in Greece from 2007 to 2021,
derived from the Web of Science Core Collection database [44]. There were 473 publications in
2007 which increased to 979 in 2021, showing a 207% growth rate. On the other hand, total
publications for all disciplines raised from 10447 in 2007 to 20034 in 2021, which is an increase
of 192%. Hence, the growth of nanotechnology related research publications outpaced that of all
other areas.

Figure 14 indicates that the overall contribution of nanotechnology articles raised from 4.53%
in 2007 to 4.9% in 2021, whereas in 2016 and 2019 reach a value over 5.4%. These results suggest
a low annual growth from 2007 to 2021.
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Table 2: Nanotechnology publication trend for Greece

Year Total Nanotechnology %
Scientific Publications Nanotech
Publications Share
2007 10447 473 4.53
2008 11244 496 441
2009 11901 511 4.29
2010 12382 519 4.19
2011 12683 555 4.38
2012 13061 592 4.53
2013 12880 623 4.84
2014 12929 663 5.13
2015 12964 676 5.21
2016 13700 748 5.46
2017 14200 739 5.20
2018 14596 790 541
2019 16150 823 5.1
2020 17752 896 5.05
2021 20034 979 4.89
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Figure 14: Greece nanotechnology publications.

The onset year of nanotechnology patents in Greece is 2008. Since then, there is an increasing
trend for both EPO and USPTO patents (Figure 15). Greece is the 37" country in total number of
EPO nanotechnology patents and the 40 country in total number of USPTO patents, respectively
[45].
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Figure 15: Evolution of Greek EPO & USPTO nanotechnology patents.

From StatNano data [45], there are 16 nanotech Greek companies, mainly spin off and SME:s.
The majority of them (25%), belong to construction sector whereas there are companies in textiles
(18.75%), medicine (12.5%), renewable energies (12.5%), automotive (12.5%), home appliance
(6.25%), agriculture (6.25%) and other businesses (6.25%) (Figure 16).
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[ ]Home Appliance 12.5% 12.5%
I Agriculture 5%
Il Others 12 .59,

6.25%
6.25%

18.75% 6.25%

25%

Figure 16: Distribution of Greek nanotechnology companies in different industries.

The low production of nanotechnology patents and the small number of nanotech
companies, despite of the increased R&D investment and the growing number of
nanotechnology research publications, can be attributed to the problematic mediating
institutions in the technology transfer process. A recent survey on the TTOs of 12 major Greek
universities and research centers [68] revealed an underdeveloped innovation ecosystem with
lack of collaboration patterns between universities, research centers and industry, unrefined
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regulations and budget constraints. Furthermore, Greece’s economic instability is difficult to
create a conducive environment for efficient TT procedures.

3. Research Methodology

3.1 Introduction

As already indicated, this research aimed at bringing to light the nanotechnology innovation
model in Greece, technology transfer and the critical success factors for the commercialization
of nanotechnology research results produced by Greek URCs. A questionnaire survey was
conducted, including both academic and industrial participants, to investigate the Greek
nanotechnology innovation ecosystem spherically.

3.2 Population

Experts in nanotechnology related fields from Greece make up the survey population. The
study population was built by combining databases of nanotechnology URC laboratories and
spin off companies from the two Greek nanotechnology networks mentioned above, NanoNet
and MicroNano and information on diverse nanotechnology research and entrepreneurship
initiatives around the country that is freely available on the internet. The university laboratories,
the research center institutes and spin off/spin out companies that participated in our study are
gathered in Appendix A. In order to increase the validity of our research, we chose only faculty
members and senior researchers of URCs and managers of nanotechnology companies to
attend. Consequently, a sample of 425 was selected and a total of 72 replies were received,
representing a response rate of 17%. Because at least one response was received from each of
the targeted academic & research organizations and companies, 17% of respondents, despite
the low response rate, accurately represent the study’s target population (Appendix B).

3.3 Data collection

Questionnaire in the form of link (online Google form) was sent to nanotechnology experts
via email. The link for questionnaire was (https:/forms.gle/4FtKpnalgdYP6ECNS). The
response was received on the Google sheet which was analyzed. Electronic survey data
collection is becoming more popular, replacing posted surveys or human administered surveys.
Its benefits include quick response times, low costs and simple distribution.

In our case, with 425 participants, the sample size is sizable and widely dispersed across
Greece. Therefore, contacting 425 people via an electronic survey is more cost effective and
practical than doing so through postal survey or interviews. In addition, experts in the field of
nanotechnology research, development and entrepreneurs have mail addresses. For this reason,
electronic surveys are most suitable for this group.
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3.4 Questionnaire Structure

The questionnaire shown in Appendix C was developed for this study, inspired by Ref. [12],
[17], [33], [43]. The instrument has four sections described below:

Section A: Demographic information — In this section, the demographic information of the
respondents was gathered. First, this data is used as a quality control measure to make sure the
appropriate experts in nanotechnology innovation respond. Its second purpose is to determine a
respondent’s position within the nanotechnology innovation value chain. Close-ended questions
are used in this section to gather nominal data.

Section B: Nanotechnology critical success factors — This section is designed to evaluate the
“successful nanotechnology” construct. It evaluates what experts consider to be successful
nanotechnology R&D and investigates the critical factors for successful nanotechnology
innovations, using sets of five- point Likert scale questions.

Section C: Technology Transfer — In this section the efficiency and parameters of
nanotechnology transfer are explored with close ended questions.

Section D: Nanotechnology Innovation Model in Greece — This section ranks the research
areas in nanotechnology according to their impact on science and socioeconomic development, as
determined by the expert survey. Moreover, the nanotechnology innovation model in Greece is
investigated by sets of five- point Likert scale questions.

3.5 Questionnaire Processing and Analysis

The survey data was analyzed using OriginPro 2018 (SR1 b9.5.1.195, OriginLab Corporation).
Microsoft Excel was used to complement data analysis. Both descriptive and inferential statistics
were used to present results and interpret data.

29



4. Results and Discussion

4.1 Demographic information of the respondents

The demographic statistics of the respondents were evaluated according to their job
descriptions and the stage of the nanotechnology value chain at which they are involved. These
results are reported in Figures 17, 18.

Figure 17a shows the job descriptions of the survey participants. The majority of the
respondents (80.55%) work as researchers and academics whereas R&D managers and engineers
constitute 19.45% of responses. Figure 17b shows that most of the participants work at research
centers (52.78%) and universities (38.89%) and only 8.33% indicate that they are occupied in
industry.
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Figure 17: Respondents a) job description and b) workplace.

Figure 18 presents the stage of the nanotechnology value chain at which the respondents work.
The highest percentage of the nanotechnology experts, 73.6%, work in the initial stage of the value
chain (nanomaterials). The second and third stages which are nano-intermediaries and nano-
enabled products have 36.1% and 44.4% respectively. Hence, from a foresight and technology
management perspective, there is a need for more nanotechnology experts to concentrate in the
development of nano-intermediaries and nano-enabled products so that Greece can position itself
to produce more nanotechnology products. The external environment makes up 9.7% and
nanotools, which are essential to the nanotechnology value chain and are used at all three stages,
hold 8.3%.
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Figure 18: Stage of the nanotechnology value chain at which respondents work.

4.2 Critical Success Factors for Nanotechnology

This section presents the descriptive statistics for the constructs on successful nanotechnology
and critical success factors for nanotechnology. The experts ranked the corresponding variables
for each one, using a 5-point Likert scale which ranges from 1= Strongly disagree to 5= Strongly

agree.

The descriptive statistics for the concept of successful nanotechnology and its associated
variables are shown in Table 3. The most important factor found, was that successful
nanotechnology improves already- existing goods and services. The fact that successful
nanotechnology leads to the commercialization of research results was the variable with the lowest
ranking. The mean score for each of the six variables ranged from 3.750 to 4.208, suggesting that
respondents generally agreed that these factors are associated with successful nanotechnology

Innovation.

Table 3: Successful Nanotechnology

Variable N | Mean | Std. Rank
Deviation

6(b) Successful nanotechnology R&D results in the 72 | 4.208 0.627 1

improvement of existing products and services

6(a) Successful nanotechnology R&D results in the 72 | 4.097 0.715 2

development of new products and services

6(d) Successful nanotechnology R&D leads to new 72| 4.014 0.722 3

technology licensing opportunities

6(c) Successful nanotechnology R&D results in the 72 | 4.014 0.741 4

production of patents and/or trade secrets

6(f) Successful nanotechnology R&D leads to the formation | 72 | 3.931 0.845 5

of new companies and/or spin-off companies

6(e) Successful nanotechnology R&D leads to 72 | 3.750 0.900 6

commercialization of research results
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Table 4 presents the descriptive statistics for a conducive innovation environment. The two
most important variables are strategic partnerships (4.375) and government- supported
infrastructure (4.139). The respondents ranked the alignment of nanotechnology to government
strategy as the least important variable. All four variables had a mean score between 3.014 and
4.375, implying that respondents agreed that they are essential.

Table 4: Conducive innovation environment

Variable N | Mean | Std. Rank
Deviation
7(c) Strategic partnerships between government, industry, 72 | 4375 0.740 1

academia, and research institutions are important for
successful nanotechnology innovation.

7(d) Government-supported research infrastructure, and 72 | 4.139 0.924 2
skills development are critical for successful nanotechnology

innovations.

7(a) The primary factor driving successful nanotechnology 72 | 3.417 1.071 3

innovations is a conducive innovation environment created
by government policies.

7(b) Most successful R&D innovations in nanotechnology 72| 3.014 1.120 4
are those aligned with government priorities.

The descriptive statistics on the variables related to consumer perceptions and needs are
observed in Table 5. The fulfillment of consumer’s need or demand is the most crucial factor. The
mean score for each of the four variables ranged from 3.708 to 4.139, indicating that respondents
generally agreed that the variables are important.

Table 5: Consumer perceptions & needs

Variable N | Mean | Std. Rank
Deviation

8(a) In order for Nanotech innovations to be successful in 72 | 4.139 0.793 1

the market, they must fulfill a need or a demand.

8(d) Most consumers of nanotechnology products are not 72 | 4.069 0.719 2

aware that they are using nanotechnology-based products.

8(b) Positive market perceptions of nanotechnology 72 | 4.014 0.661 3
products by the public are a key success factor for nanotech
innovations, especially those with applications in medicine,
environment, cosmetics, and food.

8(c) Successful nanotechnology research must incorporate 72 | 3.708 1.013 4
consumer and market needs early in the research.
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The descriptive statistics for the variables involved in agglomeration and clustering are shown
in Table 6. The mean score for the variables ranged from 3.514 to 3.958. The factor that ranks
highest is the fact that clustering and centers of excellence provide a conducive environment for
startup creation. The second top-ranked variable is that clustering efforts improve
nanotechnology’s success rate.

Table 6: Agglomeration & clustering

Variable N | Mean | Std. Rank
Deviation
9(d) Nanotechnology clusters and nanotech centers of 72 | 3.958 0.721 1

excellence provide a conducive environment for
entrepreneurs and nanotech start-up companies.
9(c) Working within a nanocluster enables sharing tacit 72 1 3.903 0.715 2
knowledge, specialized infrastructure, and resources. Hence
it increases the success rate of nanotechnology innovations.

9(b) There is a higher success rate for nanotechnology 72 | 3.889 0.928 3
research conducted within nanotech research centers, science
parks, and clusters.

9(a) The physical location of nanotechnology R&D 72| 3.514 0.964 4
facilities is a significant factor that contributes to innovation
success; some locations present a competitive advantage in
facilitating successful nanotech innovations.

The results for R&D skills necessary for successful nanotechnology are presented in Table 7.
With an average score of 3.750 technological entrepreneurship skills found to be the most crucial.
The lowest ranked skill was intellectual management with an average of 3.611.

Table 7: R&D Skills

Variable N | Mean | Std. Rank
Deviation

10(d) Successful nanotech innovations emanate from R&D | 72 | 3.750 0.783 1

teams that have technological entrepreneurship skills.

10(b) Successful nanotech innovations emanate from R&D | 72 | 3.736 0.888 2

teams that possess innovation management and
commercialization skills.

10(a) Successful nanotechnology innovations emanate from | 72 | 3.625 0.985 3
R&D teams with high skills in scientific research, e.g., teams
that have a high number of publications, a high number of
citations, etc.

10(c) Successful nanotech innovations emanate from teams | 72 | 3.611 0.881 4
with intellectual property management skills such as the
ability to patent and license innovations.

The conclusions for the nano-hybridization variables are displayed in Table 8. Collaborations
between academia and industry rank first. Secondly, nanotechnology needs to be in line with
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economic and social needs, like those for nanomedicine and nanoenergy. The means of the four
variables ranged from 3.736 to 4.250.

Table 8: Nano-hybridization

Variable N | Mean | Std. Rank
Deviation
11(b) Industry and academia collaborations are essential for | 72 | 4.250 0.868 1

successful nanotechnology innovations.

11(c) Successful nanotechnology innovations must be 72| 4.125 0.838 2
aligned to socio-economic needs, €.g., energy security, clean
water, medical needs, among others

11(d) Strategic R&D partnerships between industry and 72 | 4.097 0.772 3
national research facilities are important for successful
commercialization nanotechnology research
11(a) Successful nanotechnology innovations must be 72 | 3.736 0.979 4
aligned to existing industry sectors, for example, nano-
energy, nanobiotechnology, nanoelectronics,
nanoagriculture, and nanomedicine.

The results for the last CSF, interdisciplinarity and multidisciplinarity in nanotechnology, are
shown in Table 9. The two most important factors are that nanotechnology is a multidisciplinary
field and a combination of several cross-cutting scientific skills. The score for the four variables
ranged from 4.250 to 4.681.

Table 9: Multi-Interdisciplinarity

Variable N | Mean | Std. Rank
Deviation

12(a) Nanotechnology is a multidisciplinary field 72 | 4.681 0.601 1

12(c) Nanotechnology cannot be viewed as a stand-alone 72 | 4.389 0.683 2

discipline but combines several cross-cutting scientific skills

12(b) Successful Nanotechnology innovations are produced | 72 | 4.292 0.701 3
by interdisciplinary teams
12(d) Due to its multidisciplinarity and interdisciplinarity 72 | 4.250 0.666 4

nature, nanotechnology is emerging as the core for the
convergence of several disciplines.

Finally, Figure 19 illustrates the summary of the six CSFs. The mean of all CSFs ranged from
3.681 to 4.403. R&D skills were ranked last, while multi- and interdisciplinarity and nano-
hybridization were selected as the top two.
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Figure 19: CSFs mean ranking.

The next step was to identify if there was a statistical difference between the means of the six
CSFs. Table 10 presents the paired samples t-Test at a 95% confidence level for the CSFs. The
results were used in evaluating hypothesis stated below:

e Null Hypothesis: There is no statistical difference between the means of nanotechnology
CSFs (Ho: pi=p2)

e Alternative Hypothesis: There is a statistical difference between the means of
nanotechnology CSFs (Ha: pLi#2)

If p< 0.05 (significant), there is a statistically difference between the means. If p> 0.05 (non-
significant), there is not statistically difference between the means.

The results prove that out of the 15 possible mean combinations, only 3 pairs have statistically
insignificant differences in their mean p> 0.05. Most of the pairs, which is 12, have a statistically
significant difference in their means. Therefore, the null hypothesis, which states that the paired
population means are equal for all six CSFs is rejected and the alternative hypothesis is accepted.
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Table 10: Paired samples t-Test for CSFs

Pair

Paired Differences

Mean
Difference

Std.
Difference

Std.
Error
Mean

df

Sig. (2-
tailed)

Result

[Multi-
Interdisciplinarity-
Nano-
hybridization|

0.35069

0.98345

0.05795

6.052

287

0.000

Significant

[Multi-
Interdisciplinarity-
R&D Skills|

0.72222

0.98025

0.05776

12.503

287

0.000

Significant

[Multi-
Interdisciplinarity-
Agglomeration|

0.58681

1.02211

0.06023

9.743

287

0.000

Significant

[Multi-
Interdisciplinarity-
Consumer needs|

0.42014

0.98448

0.05801

7.242

287

0.000

Significant

[Multi-
Interdisciplinarity-
Conducive
Environment|

0.66667

1.26326

0.07444

8.956

287

0.000

Significant

[Nano-
hybridization-
R&D Skills|

0.37153

1.10943

0.06537

5.683

287

0.000

Significant

[Nano-
hybridization-
Agglomeration|

0.23611

1.04921

0.06183

3.819

287

0.000

Significant

|Nano-
hybridization-
Consumer needs|

0.06944

1.05363

0.06209

1.119

287

0.264

Non-
Significant

[Nano-
hybridization-
Conducive
Environment|

0.31597

1.23571

0.07282

4.340

287

0.000

Significant

[R&D Skills-
Agglomeration|

0.13542

1.10387

0.06505

2.082

287

0.000

Significant

[R&D Skills-
Consumer needs|

0.30208

1.06695

0.06287

4.805

287

0.038

Significant

|R&D Skills-
Conducive
Environment|

0.05556

1.3449

0.07925

0.701

287

0.484

Non-
Significant

|Agglomeration-
Consumer needs|

0.16667

1.13543

0.06691

2.491

287

0.013

Significant

|Agglomeration-
Conducive
Environment|

0.07986

1.19983

0.0707

1.130

287

0.260

Non-
Significant
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|Consumer needs-
Conducive
Environment|

0.24653 1.31395

0.07743

3.184

287

0.002

Note: The bold highlighted mean pairs have no statistically significant difference

As final analysis, we investigated the correlations between the CSFs and between the CSFs and
“Successful Nanotechnology”. Table 11 presents the Pearson linear correlations between all the
possible CSFs pairs. The 11 pairs have a significant positive linear correlation with each other.
Conducive innovation environment seems to have significant Pearson correlation only with nano-
hybridization and agglomeration, whereas there is no correlation between agglomeration and

consumer needs.

Table 11: Paired Pearson correlations between the CSFs

Pair Correlation Test Means N | Correlation | Sig. (p) Result
()

Multi-Interdisciplinarity- Nano- 72 0.23115 0.000 Correlation
1 | hybridization

Multi-Interdisciplinarity- R&D Skills | 72 0.23729 0.000 Correlation
2

Multi-Interdisciplinarity- 72 0.12783 0.030 Correlation
3 | Agglomeration

Multi-Interdisciplinarity- Consumer 72 0.14976 0.011 Correlation
4 | needs

Multi-Interdisciplinarity- 72 0.07167 0.225 | No Correlation
5 | Conducive Environment

Nano-hybridization- R&D Skills 72 0.21296 0.000 Correlation
6

Nano-hybridization- Agglomeration 72 0.27128 0.000 Correlation
7

Nano-hybridization- Consumer needs | 72 0.23685 0.000 Correlation
8

Nano-hybridization- Conducive 72 0.25117 0.000 Correlation
9 | Environment

R&D Skills- Agglomeration 72 0.19405 0.000 Correlation
10

R&D Skills- Consumer needs 72 0.21812 0.000 Correlation
11

R&D Skills- Conducive 72 0.10865 0.07 No Correlation
12 | Environment

Agglomeration- Consumer needs 72 0.08003 0.176 | No Correlation
13

Agglomeration- Conducive 72 0.27853 0.000 Correlation
14 | Environment

Consumer needs- Conducive 72 0.10182 0.085 | No Correlation
15 | Environment

Note: The bold highlighted mean pairs have no statistically significant linear correlation
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Table 12 shows the correlation between the CSFs and Successful Nanotechnology. The results
indicate that except of agglomeration and conducive innovation environment, the rest CSFs have
a statistically positive linear correlation to successful nanotechnology.

Table 12: Paired Pearson correlations between the Successful Nanotechnology and CSFs

Pair Correlation Test Means N | Correlation | Sig. (p) Result
()

Multi-Interdisciplinarity- Successful 72 0.29318 0.000 Correlation
1 | Nanotechnology

Nano-hybridization- Successful 72 0.18354 0.002 Correlation
2 | Nanotechnology

R&D Skills- Successful 72 0.23891 0.000 Correlation
3 | Nanotechnology

Agglomeration- Successful 72 0.09524 0.107 | No Correlation
4 | Nanotechnology

Consumer needs- Successful 72 0.17169 0.003 Correlation
5 | Nanotechnology

Conducive Environment- 72 0.02817 0.634 | No Correlation
6 | Successful Nanotechnology

Note: The bold highlighted mean pairs have no statistically significant linear correlation

In conclusion, Greek nanotechnology experts validated the concept of Nanotechnology
Innovation Diamond and its six edges as critical factors for successful commercialization. These
CSFs are correlated in such a way that nanotechnologies and current socioeconomic needs can
hybridize as a result of consumer needs, giving rise to industries like nano-textiles,
nanoelectronics, nano-cosmetics, nanomedicine, nano-agriculture. Agglomeration/ clustering of
nanotechnology R&D is essential due to the need for interdisciplinary teams and to form
partnerships with other economic sectors. The URC’s ability to conduct research and
commercialize nanotechnology will be enhanced by this clustering. Businesses will benefit from
clusters due to the availability of skilled labor, industry alliances, sharing of technical knowledge,
localized special infrastructure and expert knowledge spillover effect across businesses.
Ultimately, it is imperative to function within an ecosystem that fosters creativity, like the Triple
Helix, a framework that facilitates public-private partnerships in R&D to optimize assets and skills.
However, the non- linear positive correlation between some of the CSFs and between
agglomeration- Successful Nanotechnology and Conducive Innovation Environment- Successful
Nanotechnology dictates that Nanotechnology Innovation Diamond concept is not fully adopted
by Greek nanotechnology experts and that further actions should be done toward this way.

4.3 Nanotechnology Transfer in Greece

This section discusses the survey results regarding the Greek nanotechnology transfer and
innovation model. According to Figure 20, the most projects nanotechnology experts are involved
in, are TRL 3 (47.89%). This is a logical finding as the primary active entities in the field of
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nanotechnology are URC’s research groups. On this stage, inventors should start thinking of how
to protect their IPs, for example by patent or licensing. Conversely, projects with high technology
readiness level (TRL 7, 8, 9) are only 7,05% in total.

B TRL 5 9.86%

12.68%
47.89% 5.63%
2.82%

14442
7.04%

9.86%

Figure 20: TRL of nanotechnology projects that respondents participate.

Concerning the main funding source (Figure 21), national funding initiatives seem to be the
most common in nanotechnology R&D projects, followed by international investments, mainly in
the form of Horizon Europe grants. On the other hand, a hybrid National/Private funding type is
the most unusual to occur. An interesting fact is that most of the respondents agreed that
nanotechnology entities are unable to support R&D without follow up funding (Figure 22).

National/Private :|

National/International

National/International/Private

Private

Funding Source

International

National

0 5 10 15 20 25
Responses

Figure 21: The main funding source of nanotechnology projects.
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® Yes
® No
@ Don't know

Figure 22: Answers of the survey participants to the question if nanotechnology entities are able for
further R&D, without follow up funding.

According to Figure 23a, most of the nanotechnology experts (54.2%) have commercialization
and TT skills whereas the 52.8% of the participants are interested to participate in
commercialization actions (Figure 23b), even if this would take time off their research work
(Figure 23c).

The majority of survey respondents (73.6%) converge on the necessity of a commercialization
partner (Figure 24a). However, 62.5% of the population have never co-operated with the TTO of
their institution (Figure 24b). This may be due to the imbalance between a substantial research
capacity in Greece and a less advanced technological valorization process [68].

® Yes

® No
a @ Don't know

52,8%

Figure 23: Answers of the survey participants a) if they have TT or commercialization experience, b)
if they are interested in taking active role TT or commercialization and c) if they would time off their
research work to commercialize technology.

B ———————————————
40




® Yes ® VYes
® No ® No

@ Don't know ﬁ @ There is not TTO in my institution

Figure 24: Answer of the respondents a) if there is a need for commercialization partner and b) if they ever co-operated
with their institution TTO.

The establishment of appropriate standards, which define interfaces, govern safety and health
issues, regulates terminology, measurement and testing procedures, is crucial to the commercial
success of applications utilizing nanotechnology [69]. According to Figure 25a, the most
nanotechnology projects need to conform to specific regulations. However, the respondents are
relatively divided on whether this fact is considered an obstacle to commercialization as 41% are
in favor and 45.9% are against.

® VYes
® No
@ Don't know

Figure 25: Answers of the survey experts a) if their nanotechnology needs to conform to any regulations and b) if they
believe this is an obstacle for commercialization.

Furthermore, the experts were asked to rank identified research areas in respect of scientific
feasibility and socio-economic importance. The respondents were asked to take into account the
technology’s R&D stage, whether it is still theoretical or has advanced to an applied stage, as well
as the resources and skill set that are available in Greece when evaluating technological feasibility.
Experts were asked to rank socio-economic importance of each research area in relation to the
need of Greece’s socio-economic development.
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The survey experts ranked the identified technologies using a 5-point Likert scale where both
criteria had ranks from 1= Very unlikely to 5= Very likely. The results are presented in Figure 26.
Research areas scoring 75% and above on both importance and feasibility were considered as
critical. The top two satisfying both criteria the most, are nanomedicine and next generation PV-
solar cells. On the other hand, nanofluids and magnetic materials are selected as the less socio-
economically and technologically important.

We sought to determine whether the creation of regional nanotechnology fabrication facilities
is crucial to the success of nanotechnology innovation in Greece, in keeping with the finding that
shared facilities, agglomeration and clusters are essential for successful nanotechnology
commercialization. Results of the expert’s questionnaire shown in Figure 27 indicate that 79.2%

of respondents considered that regional nanotechnology fabrication facilities are required for
success.
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Figure 26: Key nanotech research areas ranking scatter plot.
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Figure 27: Responses on the need to set up regional nanotechnology fabrication facilities in Greece.

Understanding which fabrication techniques are deemed necessary for Greece was another goal
of the research. The creation of local facilities for the manufacture of nanotechnology products can
be assisted by this data. The distribution of necessary fabrication techniques is depicted in Figure
28. The three most promising fabrication techniques are roll-to-roll processing, chemical vapour
deposition and laser deposition.

Toward this way, the two recently announced projects, COPE-Nano [70] of Aristotle University
of Thessaloniki and Flex2Energy [71] of OET spin out company, will boost the regional
entrepreneurship of Macedonia by clustering all the relevant academic and industrial entities on
the research area of roll-to-roll processing and the organic electronic technologies such as PV-solar
cells.
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Figure 28: Nanotechnology fabrication techniques required in Greece.

COPE- Nano will be an autonomous, self-sustained Centre of Excellence for Nanotechnologies
which will develop innovations on nano-electronics, nanomedicine and nanomaterials, will
enhance scientific and technological capacity of Greece, will create initiatives and business
activities with high tech industries, will strengthen and highly impact regional, national economic
growth to lead in the Green Energy and Digital transformation priorities.
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The Flex2Energy project by OET company, sets an ambitious and critical goat at the European
level: The mass production of 3™ generation photovoltaics, while bringing Thessaloniki to the
center of international developments as an automated roll to roll production line for the production
of photovoltaics is created.

So, such initiatives in critical research areas as we discussed above, clustered regionally in a
conducive innovation environment, bridging academia with industry and society can be the key
for nanotechnology innovation thrive.

4.4 N-helix Nanotechnology Innovation model in Greece

The evolution from an industrial economy to a knowledge-based economy and subsequently
towards a sustainable development economy, is non-linear. This progression entails the
engagement of novel stakeholders within the innovation process.

Since the 1990s, the widely accepted Triple Helix model of innovation development has
underscored the links between the three principal actors: the state, academic institutions and
businesses. Their shared interests have fostered a robust framework for enhancing national
competitiveness.

In modern form, the links between business, universities and the state that form the Triple Helix
of innovative development include the variables presented in Table 12. The survey participants
were asked to rank these variables to the probability to occur in a nanotechnology project. The aim
was to investigate the existence of the specific model to the Greek nanotechnology innovation
ecosystem and how it is expressed. From Table 12, it is derived that the most common links
between the three stakeholders of the Triple helix in nanotechnology include research relations
within the framework of grants or contracts with firms. The most unusual relationship seems to be
in company training in new technologies with the participation of university professors under
licensing.

Table 13: Rank of the variables of nanotechnology triple helix

Variable N | Mean | Std. Rank
Deviation

25(a) Research relations within the framework of grants or | 72 | 4.083 0.900 1

contracts with firms

25(f) Convergent research — joint research of several 72 | 3.458 1.162 2

universities within the framework of convergent
technologies commissioned by large companies in the fields
of information-cognitive, nano-biochemical, bio-
information technologies.

25(b) Consultations on the introduction of new 72 | 3.444 0.902 3
technologies, post-project support of contracts with firms.
25(c) Licensing relations— the transfer of rights to objects of | 72 | 3.375 0.999 4

intellectual property created by universities to business
firms, and the sharing of these rights with the state.

25(d) Financial relations— providing investments for the 72 | 3.306 1.158 5
creation of laboratories, stands, pre-competitive research.
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25(e) In-company training in new technologies with the 72 | 3.250 1.135 6
participation of university professors under licenses
transferred to business firms.

Concurrently, notable trends in economic development over the past two decades, including
digitalization, networking, the shift towards sustainable development and the adoption of
environmentally- conscious practices in production and consumption, engender new coils in the
helix.

The Quadruple helix is a continuation of the theory of knowledge and innovation economy,
embodied in the Triple Helix, where the knowledge that is created at universities and transferred
by business or state is used by society. According to Table 13, the most possible way to be
expressed in the Greek nanotechnology innovation ecosystem is by strategies organized by
government entities that ensure digitalization related to the principles of sustainable development
and the integration of different social groups. On the other hand, as it is concluded by the very low
mean score of 2.736, nanotechnology innovative development in the form of Quadruple helix
cannot be promoted by local authorities interested in promoting digital initiatives among the
general population to improve the quality of life.

Figure 29 compares the total mean scores of both innovation models. As it is obvious, from the
low value of the mean of Triple helix and the even lower mean of Quadruple helix, additional
actions are needed to establish the first innovation model, thus, subsequently to transit to the latter.

Table 14: Rank of the variables of nanotechnology quadruple helix

Variable N | Mean | Std. Rank
Deviation
26(a) Government organizations at the international and 72 | 3.319 1.136 1

national levels that create strategies, ensure innovative
development and digitalization related to the principles of
sustainable development and the integration of different
social groups.

26(d) Organizations in the field of education and culture, 72 | 3.167 1.021 2
except for universities (schools, educational centers,
museums, libraries, engaged in actively raising the
educational and cultural level of the population)

26(c) Public organizations that develop digital 72 | 3.153 1.057 3
employment, healthcare, and education services
26(f) Public organizations that specify their needs for 72 | 3.042 1.013 4

innovation through surveys, open discussions and the
participation of their representatives in the implementation
and evaluation of digital initiatives

26(e) Employers interested in improving the innovative and | 72 | 3.042 1.192 5
digital competencies of their employees

26(b) Local authorities interested in promoting digital 72 | 2.736 1.035 6
initiatives among the general population to improve the

quality of life
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Figure 29: Triple & Quadruple Innovation model mean ranking.

However, the majority of the nanotechnology experts in Greece (66.7%) agree that eventually
nanotechnology research will lead to social and environmental innovation, supported by crowd
funding and crowd investing, with the fruits of digitalization and technological convergence
(Figure 30). Building the Penta Helix of innovative development, depends on the emergence of
new actors- the subjects of the green economy and civil society, and the full expression of their
economic interests.

@ Strongly agree
@ Agree
Neutral
@ Disagree
@ Strongly disagree

38,9%

Figure 30: Responses of the participants on whether Nanotechnology research can lead to social and
environmental innovation, supported by crowd funding and crowd investing, with the fruits of
digitalization and technological convergence.
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5. Conclusions and Recommendations

Since 2000, the scientific field of nanotechnology has experienced exponential growth. From
the standpoint of business management, it is crucial to understand that the market for
nanotechnology-enabled commercial products is expanding exponentially, primarily due to the
wide range of practical applications of nanoscience discoveries. From an economics standpoint,
nanotechnology is anticipated to drive the next Schumpeterian wave of economic growth. The
majority of nations have therefore started nanotechnology research initiatives in order to take
advantage of this fantastic opportunity.

In Greece, nanotechnology has enormous potential for innovation and economic growth.
Nanotechnology has the potential to drastically improve a number of industries, including energy,
healthcare and material science. The country’s strong academic research base, particularly in fields
like chemistry, physics and engineering provides a solid foundation for nanotechnology
development. Greece’s advantageous location at the intersection of three continents — Africa, the
Middle East and Europe- also presents chances for cooperation and access to a variety of markets.
Through utilizing its scientific proficiency and cultivating an innovative atmosphere, Greece can
establish itself as a nanotechnology innovation hub, propelling economic prosperity.

However, a significant gap between the scientific research and the commercialization of R&D
results is observed, due to an immature system for capitalizing on technology. Therefore, this thesis
aimed to close some of these knowledge gaps on nanotechnology innovation management by
exploring the nanotechnology transfer and innovation model in Greece as well as, investigating if
Nanotechnology Innovation Diamond’s critical success factors are expressed and in which way.

A hybrid qualitative-quantitative research approach was used to address the study questions and
objectives. The research was implemented in two steps which were comprehensive literature
review of the topic and an expert’s survey.

Firstly, the optimal actions and environment for promoting the nanotechnology innovation by
investigating the nanotechnology research and entrepreneurship system of the most active, in this
specific technological field, countries were determined. Additionally, the weaknesses of the Greek
nanotechnology innovation ecosystem were spotted, by recording the nanotechnology research
productivity and nanotechnology transfer results since 2000. Although the increased R&D
investments and funding opportunities, there is a low patent production and spin off creation,
mainly due to the dysfunctional TT processes and agencies. Searching for the deeper reasons, a
survey of Greek nanotechnology experts was conducted.

The majority of Greek nanotechnology experts work as lecturers or scientists, with a primary
concentration on the nanomaterials stage of the value chain, as evidenced by demographic statistics
data. From a strategic management perspective, it is critical for Greece to adopt policies and
programs that encourage the development of nano-intermediate and nano-enabled products
research.

To examine if a successful nanotechnology management framework is adapted, the participants
were asked to validate the six critical success factors of the Nanotechnology Innovation Diamond.
They concluded that consumer needs and preferences, nanotechnology hybridization with existing
industries and market needs, multi-interdisciplinarity, technological agglomeration, availability of

47



the right R&D skills and a conducive innovation environment can indeed be considered as CSFs
for nanotechnology commercialization. However, the non-linear correlation between some of the
six CSFs as well as between successful nanotechnology — agglomeration and successful
nanotechnology- conducive innovative environment implicates that the Nanotechnology
Innovation Diamond is not fully accepted and that more actions should be done to be cultivated
across nanotechnology expert population.

Greek ongoing nanotechnology projects have mainly low TRL and the most of them are granted
by national initiatives which usually have lower budget compared to the international funds that
facilitates networking and collaboration on a wider scale, connecting Greek researchers with
international peers, institutions and industries. International grants may lead to broader knowledge
exchange and access to diverse expertise and resources. Greek nanotechnology entities cannot
support further R&D, without follow-up funding.

A very optimistic finding is that the majority of nanotechnology experts have already
technology transfer skills or are willing to be correspondingly educated, a fact that is fundamental
principle of nanotechnology innovation diamond model. A frustrating issue is that even if the
necessity of a commercialization partner is admitted, cooperation with TTOs is not selected.
Improving the effectiveness of TTOs in Greece requires a multi-faceted approach, addressing both
structural and operational aspects such as, enhanced funding and resources, simplified IP
protection process, promotion of entrepreneurship and innovation culture, flexible licensing and
commercialization strategies, performance metrics and evaluation.

Nanotechnology enterprises tend to hub regionally in certain places rather than being widely
spread across the country. The most promising nano-fabrication methods that such clusters should
focus on are roll-to- roll processing, chemical vapour deposition and laser deposition. Furthermore,
several strategic nanotechnology research areas aligned to socio-economic needs for Greece have
been identified. Nanomedicine, PV-solar cells, nanocomposite materials, drinking & wastewater
and cosmetics are considered to be the most critical.

Such clustering of organizations is critical to operate in an environment that promotes
innovation, such as the Triple Helix, a model that supports public-private collaborations in R&D
to harness resources and talents. This model in the Greek nanotechnology innovation ecosystem is
generally expressed by research relations within the framework of grants or contracts with firms,
highlighting the synergistic interactions between academia and industry in driving innovation and
knowledge exchange. However, the statistical analysis of the results dictates that there is still room
for further improvements in order to create the proper conducive environment to transit to the more
advanced Quadruple helix. General belief among the nanotechnology expert population is that
eventually nanotechnology research will lead to social and environmental innovation, supported
by crowd funding and crowd investing, with the fruits of digitalization and technological
convergence (Penta helix).

An important fact that needs to be mentioned is that the low number of the responses of the
Greek nanotechnology experts, mainly coming from URCs can be considered as a limitation of
this research. Therefore, there is a need to validate the study’s outcomes with a larger pool of
experts working in diverse aspects of nanotechnology.

In conclusion, for nanotechnology innovations to succeed, research leaders need to establish
interdisciplinary teams, work in a cluster and view nanotechnology as a research field whereby
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one discovery or invention has numerous potential technological applications. In other words, they
need to examine how a nanotechnology invention can integrate with existing industries and social
needs. The results of this study, from a practical innovation management perspective, can be used
to manage nanotechnology R&D leading successful innovations and technology transfer
effectively, strategic planning and research portfolio management. Increasing the success rate of
nanotechnology innovations and technology transfer, ultimately will lead to improving the
knowledge economy and economic competitiveness, solving developmental challenges such as
sustainability and improving Greek society’s quality of life.
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Appendix A

Greek Nanotechnology entities chosen for the research population

Greek Universities

University Aristotle University of Thessaloniki
Department | Physics Chemical Electrical & Computer | Chemistry
Engineering Engineering
Laboratory 1)Lab for Thin Films- 1) Laboratory 1) Laboratory of 1) Laboratory of
Nanobiomaterials- of Materials for Biochemistry
Nanosystems & Materials Electrotechnics 2)Laboratory of
Nanometrology Technology Polymer and
2)Electron Microscopy and Colors
Structural Chemistry and
Characterization of Technology
Materials
3)Laboratory of Advanced
Materials and Devices
University National & Kapodistrian University of Athens
Department | Pharmacy
Laboratory | 1) Laboratory of Pharmaceutical Nanotechnology
University Democritus University of Thrace
Department | Molecular Biology & Genetics
Laboratory ALL
University University of West Attica
Department | Electrical and Electronics Engineering
Laboratory | 1) Laboratory of  Microsystems,  Sensors,
Embedded Devices and Automation
University National Technical University of Athens
Department | Chemical Engineering Physics
Laboratory 1) Lab of Advanced, composite, 1) Laboratory of advanced materials
Nano Materials & and micro/nano devices
Nanotechnology
University University of Patras
Department | Physics Chemical Chemistry
Engineering
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Laboratory

1) Laser Laboratory

1) Nanotechnology 1) Advance Polymers &
& Advanced Hybrid Nanomaterials
Materials Research Laboratory
2) Surface Science
Laboratory

University

University of loannina

Department

Materials Engineering

Medicine

Laboratory

1) Composite and Smart
Materials Laboratory

1) Nano Research
Group UOI

University

Hellenic Mediterranean University

Department

Electrical & Computer Engineering

Laboratory

1) Center of Materials Technology and
Photonics (CEMATEP)

University

University of Crete

Department

Chemistry

Physics

Laboratory

1) Laboratory of

1) Crete Center for

Biophysical Chemistry

Quantum
Complexity and
Nanotechnology

University

Technical University of Crete

Department

Chemical and Environmental Engineering

Laboratory

ALL

Greek Research Centers

Research
Center

Institute

Link

NCSR
Demokritos

Institute
Nanoscience
Nanotechnology

https://inn.demokritos.gr/

Institute of
Biosciences &
Applications

http://bio.demokritos.gr/

National

Hellenic

Research
Foundation

Theoretical &
Physical Chemistry
Institute

http://www.eie.gr/nhrf/institutes/tpci/index-en.html

Institute of Chemical
Biology

http://www.eie.gr/nhrf/institutes/icb/index en.html
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http://www.eie.gr/nhrf/institutes/icb/index_en.html

Institute of
Electronic Structure
and Laser

https://www.iesl.forth.gr/en

Institute of
Foundation for Molecular Biology
Research and & Biotechnology

https://www.imbb.forth.gr/en/

Technology Institute of Chemical
Engineering
Sciences

https://www.iceht.forth.gr/en/

Biomedical Research
Institute

https://www.bri.forth.gr/en/

Center for Chemical Process &
Research & Energy Resources
Technology Institute

https://www.cperi.certh.gr/

Hellas Institute of Applied
Biosciences

https://www.inab.certh.gr/

Greek Nanotech spin off/out companies

Company Name

Link

Helbio Hydrogen & Energy Systems S.A.

https://helbio.com

PCNanomaterials

https://pcnmaterials.com/

Nanoplasmas

https://www.nanoplasmas.com/

Organic Electronic Technologies

https://oe-technologies.com/

Nanometrisis

https://www.nanometrisis.com/

®metrisis

https://www.thetametrisis.com/

Amen New Technologies

https://www.amen-tech.com/

Biopix DNA Technology https://biopix-t.com/

Brite https://www.britesolar.com/
BL-Nanobiomed https://www.plin-nanotechnology.com/
Plin https://www.biomimetic.gr/
Biomimetic https://www.adamant-composites.com/

Adamant Composites

https://bfp-tech.com/site/

BFP Advanced Technologies

https://www.pleione-energy.com/

Pleione Energy S.A.

https://www.plin-nanotechnology.com/
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Appendix B

Distribution of Participants

UNIVERSITIES

Entity Participants
Aristotle University of Thessaloniki 11
University of loannina 3
University of Patra 2
National Technical University of Athens 5
National and Kapodistrian University of Athens 2
University of West Attica 2
Technical University of Crete 2
Hellenic Mediterranean University 2
Democritus University of Thrace 1

RESEARCH CENTER

Entity Participants
National Center for Scientific Research Demokritos | 12
Center for Research & Technology Hellas 8
Foundation for Research and Technology- Hellas 9
National Hellenic Research Foundation 7

SPIN OFF/OUT COMPANY

Entity Participants
BL-Nanobiomed 1
Nanometrisis P.C. 1
Amen New Technologies 1
Helbio Hydrogen & Energy Systems S.A. 1
Organic Electronic Technologies P.C. 1
Nanoplasmas P.C. 1
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Appendix C

Questionnaire

SECTION A: Demographic Information
1. Name of your Academic Institution/Research Center/Company:

2. Please select a category that closely describes your current job description place a tick against the
closest job description.

Researcher

Engineer

Academic

Both Researcher and Academic

Research, Development & Innovation
(RDI) Manager

Policy Maker

Both Researcher and RDI Manager

Other (Specify)

3. The nanotechnology value chain has 5 main segments which are: nanomaterials industry, nano-
intermediaries, nano enabled products, nanotools and the supporting external environment, as shown
in figure 1 below.

External Nanoscience Support Environment
Government, Academic Institutions, Industry and Commerce, Markets etc.

(Stage 1) (Stage 2) (Stage 3) (Stage 4)
Nano Materials Nano-Intermediates Nano-Enabled Products Marketing &
Nanostructured powders Sensors/Detectors Solar Panels Distribution through

Nanowires Catalysts Batteries various industries
Nanofibers Displays Electronics

Nanotubes Solar cells Pharmaceuticals

Quantum dots Memory chips Computer hard drives
etc. etc. Paints, Textiles etc.

Nanotools: Equipment and infrastructure for imaging, metrology, fabrication, modelling, inspection and quality control
etc.

Please indicate the stages within the value chain that closely describe the nature of nanotechnology
related industry you are involved in. Please tick appropriate box (s) below

Nanomaterials Nano- Nano- Nanotools External
Intermediaries Enabled Environment
Products

4. Current Technology Readiness Level (TRL) of the nanotechnology project you are involved in:
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5. Are you located in:

Incubator
Technological Park
Research Institution
Other

SECTION B: Nanotechnology critical success factors
6. (a) According to your experience, successful nanotechnology R&D results in the development of new
products and services
| i) strongly agree | ii) agree | iii) Neutral | iv) disagree | v) strongly disagree |

(b) According to your experience, successful nanotechnology R&D results in the improvement of
existing products and services

| i) strongly agree | ii) agree | iii) neutral | iv] disagree | v) strongly disagree |

(c) According to your experience, successful nanotechnology R&D results in the production of patents
and/or trade secrets

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(d) According to your experience, successful nanotechnology R&D leads to new technology licensing
opportunities

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(e) According to your experience, successful nanotechnology R&D leads to commercialization of
research results

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(f) According to your experience, successful nanotechnology R&D leads to the formation of new
companies and/or spin-off

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

7. (a) The primary factor driving successful nanotechnology innovations is a conducive innovation
environment created by government policies.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(b) Most successful R&D innovations in nanotechnology are those aligned with government
priorities.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(c) Strategic partnerships between government, industry, academia, and research institutions are
important for successful nanotechnology innovation.

| i) strongly agree | i} agree | iii) neutral | iv] disagree | v) strongly disagree |

(d) Government-supported research infrastructure, and skills development are critical for
successful nanotechnology innovations.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |
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8. (a) In order for Nanotech innovations to be successful in the market, they must fulfill a need or a
demand

| i} strongly agree | i) agree | iii} neutral | iv] disagree | v) strongly disagree |

(b) Positive market perceptions of nanotechnology products by the public is a key success factor for
nanotech innovations, especially those with applications in medicine, environment, cosmetics, and
food.

| i) strongly agree | i} agree | iii) neutral | iv] disagree | v) strongly disagree |

(c) Successful nanotechnology research must incorporate consumer and market needs early in the
research.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(d) Most consumers of nanotechnology products are not aware that they are using nanotechnology-
based products.

| i) strongly agree | i} agree | iii) neutral | iv] disagree | v) strongly disagree |

9. (a) The physical location of nanotechnology R&D facilities is a significant factor that contributes to
innovation success; some locations present a competitive advantage in facilitating successful nanotech
innovations

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(b) There is a higher success rate for nanotechnology research conducted within nanotech research
centers, science parks, and clusters.

| i) strongly agree | i} agree | iii) neutral | iv] disagree | v) strongly disagree |

(c) Working within a nanocluster enables sharing tacit knowledge, specialized infrastructure, and
resources. Hence it increases the success rate of nanotechnology innovations.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(d) Nanotechnology clusters and nanotech centers of excellence provide a conducive environment for
entrepreneurs and nanotech start-up companies.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

10. (a) Successful nanotechnology innovations emanate from R&D teams with high skills in scientific research,
e.g., teams that have a high number of publications, a high number of citations, etc.

| i) strongly agree | ii) agree | iii) neutral | iv] disagree | v) strongly disagree |

(b) Successful nanotech innovations emanate from R&D teams that possess innovation management
and commercialization skills.

| i) strongly agree | i) agree | i) neutral | iv] disagree | v) strongly disagree |

(c) Successful nanotech innovations emanate from teams with intellectual property management skills
such as the ability to patent and license innovations
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11.

12.

| i) strongly agree | i) agree | i) neutral | iv] disagree | v) strongly disagree |

(d) Successful nanotech innovations emanate from R&D teams that have technological
entrepreneurship skills.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(a) Successful nanotechnology innovations must be aligned to existing industry sectors, for example, nano-
energy, nanobiotechnology, nanoelectronics, nanoagriculture, and nanomedicine.

| i) strongly agree | i) agree | i) neutral | iv] disagree | v) strongly disagree |

(b) Industry and academia collaborations are essential for successful nanotechnology innovations.

| i) strongly agree | ii) agree | iii) neutral | iv] disagree | v) strongly disagree |

(c) Successful nanotechnology innovations must be aligned to socio-economic needs, e.g., energy
security, clean water, medical needs, among others

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(d) Strategic R&D partnerships between industry and national research facilities are important for
successful commercialization nanotechnology research

| i) strongly agree | ii) agree | iii) neutral | iv] disagree | v) strongly disagree |

(a) Nanotechnology is a multidisciplinary field

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(b) Successful Nanotechnology innovations are produced by interdisciplinary teams.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

(c) Nanotechnology cannot be viewed as a stand-alone discipline but combines several cross-cutting
scientific skills.

| i) strongly agree | i) agree | i) neutral | iv] disagree | v) strongly disagree |

(d) Due to its multidisciplinarity and interdisciplinarity nature, nanotechnology is emerging as the core
for the convergence of several disciplines.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

SECTION C: Technology Transfer

13. Please name the type of your main funding source (National/International/Private)

14. Does your institution have adequate resources for further R&D, if necessary, if it cannot obtain
follow up funding?

15. Does your nanotechnology need to conform to any regulations or standards? If yes, do you
believe this is an obstacle for its commercialization?

16. What is the current Commercialization Readiness Level?

17. Is there a need for a commercialization partner?

18. Do you or any other team member have experience with Technology Transfer or
commercialization of any technology?

19. Are you or any other team member interested in taking an active role in technology transfer or
commercialization?

20. Would you take months or even years off your research work to commercialize your technology?
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21. Did you ever co-operate with your institution’s technology transfer office for possible
commercialization of your research results?

SECTION D: Nanotechnology Innovation model in Greece (triple, quadruple or quintuple helix)
22. The establishment of regional nanotechnology fabrication facilities is key to the success of
nanotechnology innovation in Greece.

| i) strongly agree | i) agree | iii) neutral | iv] disagree | v) strongly disagree |

23. Which of the following nanofabrication techniques do you consider as critical for Greece’s
nanotechnology innovation? You can choose more than one option.

Chemical vapour deposition Roll-to-roll processing
Molecular beam epitaxy Self-assembly

Atomic layer epitaxy Sputtering

Dip pen lithography E-beam evaporation
Nanoimprint lithography Laser deposition
Other

24. Please evaluate the following nanotechnology research areas with respect to their probable
Scientific and Technological Feasibility in Greece. Please answer all you have experience with.

RESEARCH AREA Scientific & Technological Feasibility
1. Very 2. Not 3. Neutral |4. Likely | 5. Very
Unlikely Likely Likely

1)Nano Medicine

2) Nano-based Fuel Cell Technology

3) Nano-based High-Capacity Battery Technologies

4) Nano-based Photovoltaic Solar Cells

5) Nano-based Targeted Drug Delivery

6) Nano-based Cancer Treatment

7) Nano-based Acid Mine Water Treatment

8) Nano-based Wastewater Treatment

9) Nano-based Drinking Water Purification

10) Nano-based Photonic Materials

11) Nano-based Electronic Devices & Components

62



12) Nano-based Magnetic Storage and Memory

13) Nano-based Photonic Devices and Components

14) Nano-based Catalysis

15) Nano-based Sensors and Detectors applications

16) Nanofibers

17) Nano-composite Materials

18) Nanofluids

19) Nano-based Cosmetics

20) Nano-based Textiles

21) Nano-based Engineering Materials

25.

Please evaluate the following research areas with respect to their socio-economic importance to

Greece’s socio-economic development needs. Please answer all you have knowledge of.

RESEARCH AREA

Socio-Economic Importance

Very Unlikely

Not Likely

Neutral

Likely

Very Likely

1) Nanomedicine

2) Nano-based Fuel Cell Technology

3) Nano-based High-Capacity Battery Technologies

4) Nano-based Photovoltaic Solar Cells

5) Nano-based Targeted Drug Delivery

6) Nano-based Cancer Treatment

7) Nano-based Acid Mine Water Treatment

8) Nano-based Wastewater Treatment

9) Nano-based Drinking Water Purification
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10) Nano-based Photonic Materials

11) Nano-based Electronic Devices & Components

12) Nano-based Magnetic Storage and Memory

13) Nano-based Photonic  Devices and
Components

14) Nano-based Catalysis

15) Nano-based Sensors and Detectors
applications

16) Nanofibers

17) Nano-composite Materials

18) Nanofluids

19) Nano-based Cosmetics

20) Nano-based Textiles

21) Nano-based Engineering Materials

26. Please evaluate the following links or relations between business, universities and the state in

respect to their probability to occur in a nanotechnology project

with the participation of university professors
under licenses transferred to business firms.

Research relations within the framework of Very Not Neutral Likely Very
grants or contracts with firms. Unlikely | Likely Likely

Consultations on the introduction of new Very Not Neutral Likely Very
technologies, post-project support of con- | Unlikely | Likely Likely
tracts with firms.

Licensing relations— the transfer of rights to Very Not Neutral Likely Very
objects of intellectual property created by | Unlikely | Likely Likely
universities to business firms, and the sharing
of these rights with the state.

Financial relations— providing investments Very Not Neutral Likely Very
for the creation of laboratories, stands, pre- | Unlikely | Likely Likely
competitive research.

In-company training in new technologies Very Not Neutral Likely Very

Unlikely | Likely Likely
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Convergent research — joint research of Very Not Neutral Likely Very
several universities within the framework of | Unlikely | Likely Likely
convergent technologies commissioned by
large companies in the fields of information-
cognitive, nano-biochemical, bio-information
technologies.

27. Please evaluate the following groups in respect to their participation in nanotechnology projects

Government  organizations at the Very Not Neutral Likely Very
international and national levels that create | Unlikely | Likely Likely
strategies, ensure innovative development
and digitalization related to the principles of
sustainable development and the integration
of different social groups.

Local authorities interested in promoting Very Not Neutral Likely Very
digital initiatives among the general | Unlikely | Likely Likely
population to improve the quality of life.

Public organizations that develop digital Very Not Neutral Likely Very
employment, healthcare, and education | Unlikely | Likely Likely
services

Organizations in the field of education and Very Not Neutral Likely Very
culture, except for universities (schools, | Unlikely | Likely Likely

educational centers, museums, libraries,
engaged in actively raising the educational and
cultural level of the population)

Employers interested in improving the Very Not Neutral Likely Very
innovative and digital competencies of their | Unlikely | Likely Likely
employees.

Public organizations that specify their Very Not Neutral Likely Very

needs for innovation through surveys, open | Unlikely | Likely Likely

discussions and the participation of their
representatives in the implementation and
evaluation of digital initiatives

28. Nanotechnology research can lead to social and environmental innovation, supported by crowd
funding and crowd investing, with the fruits of digitalization and technological convergence.

| i) strongly agree | ii) agree | iif) neutral | iv) disagree | v] strongly disagree |
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