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Abstract: Within the next few years, Europe’s economic pagadwill change fundamentally. Its manufacturing
base will continue to shrink, and therefore futugeowth and social welfare will rely increasingly
on knowledge-intensive industries and services, e more jobs will require a higher educationlifioation.
Human resources are a core determinant of qualityigher education and research. Universities rineefore
work to enhance their human potential, both qualiédy and quantitatively, by attracting, develogiand keeping
talent in teaching/research careers. Excellenceanyemerge from a favourable professional envirent based
in particular on open, transparent and competjiieeedures. Research and development (R&D) haeprvbe

a crucial factor in shifting the world’s technologi frontiers, while at the same time facilitatimgw technological
and scientific innovations. This paper will focus &R&D at the Institute for Nanomaterials, Advanced
Technologies and Innovation at the Technical Usitgrof Liberec, Czech Republi&fter a description of
a literary search in the introduction, the special situation at this institute is mentioned, ilee number
of submitted and solved national and internatigrajects, statistics on research and developmantss, and
of course human resources at the institute. Inctirelusion, the reader will be able to get a petof how to
increase the institute competitiveness in inteamai collaboration.
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I ntroduction

According to the Frascati definition of researchsaarch and development (R&D)
comprise creative and systematic work undertakerorifer to increase the stock of
knowledge - including knowledge of humankind, crét@nd society - and to devise new
applications of available knowledge. As we can geer the last few decades, there has
been a tremendous increase in the international dicknowledge and exchange of practice
in such fields as natural or social and economienses, which has resulted in bringing
R&D activities to a completely different level, atitky are now considered as one of the
major factors in world economic growth. As spedfiby modern scientific literature,
the role of R&D has become a crucial factor intaijf the world’s technological frontiers
and promoting new technological and scientific depments, whereby contributing
to an increase in economic growth and technologicidancement at the national level.
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The influence of advanced technological processesR&D is seen in various economic

sectors and fields through:

e providing innovative solutions to infrastructurestms (transportation, energetics,
telecommunications, environment protection, etc),

» increasing the output of the industrial enterpri@sv materials, motors, electricity,
agriculture, fisheries, etc) and services,

» improving the quality of consumers’ products and/iees (in the food sector, housing,
environment), thereby contributing to their welliop

There is no doubt that technological innovationsl &&D play a leading role in
initiating, enhancing and sustaining economic ghoitthe modern world [1-4].

It is also believed that the present state of R&WBeting all three levels:

* business R&D,

» foreign R&D,

e public R&D

and involvement of state and private institutiond further boost and ensure durable
economic growth by introducing new innovations apglying new technological methods,
and ultimately driving productivity to a higher E\5, 6].

Historically, this process began during the iniggdges of the industrial revolution in
selected countries, where scientific activitiesufsged on such problems and tasks as
increasing productivity, bringing the developmehtnmaterials to a new level, improving
the quality of life, as well as addressing enviremtal, human health and sanitation issues,
etc. The process still continues and intensifiesingy the existing scientific achievements
and technological solutions and enriching them withnew trends and knowledge through
additional studies and experiments led to new aftudiscoveries that significantly
contributed to the economic growth and wealth diistrial countries.

Universities also play an important role in thisogess by boosting scientific
innovation and technological progresses in varidifferent fields of the economy and
production. However, the most beneficial for thisqess is conjugation and collaboration
between universities and state/private institutiasswell as industrial enterprises, which
allows new discoveries and achievements to beeshifo the application phase and
contribute to the economic growth and prosperitytloé involved countries. Human
resource management (HRM) in its turn is a stratemgid coherent approach to the
management of an organisation’s most valued asséite people working there who
individually and collectively contribute to the aehement of the objectives of the business
[7]. Specific HRM services have been established developed during the last decade.
Universities as knowledge-based organisations lastong focus on the quality of their
academic staff, as they are responsible for tegchind research. Another important
prerequisite to a successful university are thaivises, which highly depend on the quality
of the administration and management. The quafitmanagement and academia will also
depend on the quality of HRM and functions [8].

Theoretical framework - Research & Development

Currently, the priority for research organisatioissto focus their implemented
research, development and innovation (R&D&I) on #pplication sphere, or to combine
their know-how with that of private industrial ergéses. This not only ensures effective
R&D&lI activities with a specific impact, but alsedds to improved human work. Through
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collaborations, employees from research organisatiand industry will exchange and
strengthen their existing knowledge and skills, kit the sample time ensuring their
development. Of course, these steps are not onfiprpged at a national level; on the
contrary, international overspill is also desirabfgom the point of view of the given
country, there is undoubtedly a higher rate of graniince with a positive impact on the
economy and a better implementation of new tectyieto If R&D&I is performed hand in
hand with practice, then implementation is alwagsier for both parties involved. Part of
every activity should be a clear vision, or a défim of the expected objectives. In the
field of R&D&l, this trivial rule can be quite demeing, but through the interconnection of
research organisations and the application spR&6, may become a systematic activity
with the assumption of success. R&D in the fieldpdfiate enterprise may result in new
goods and services, higher quality of productioighér productivity, lower prices of
consumer products, new production processes ancteswf economic growth at the
macroeconomic level. Studies performed in many ldgesl countries (especially the US
and the EU) highlight the fact that the key pillass R&D&I leading to a country’s
long-term prosperity include:

» economic growth of the country,

* work productivity,

» social return.

A country’'s domestic and foreign productivity grows proportion to governmental
and private investment in R&D&I. Therefore, suféinot funding has a positive impact not
only on the country directly affected, but alsoathers [9-11].

The triple helix of university-industry-governmenteractions has been the subject of
not only economic but also social research in tw few decades [12-14]. The role of
universities is crucial in performing institutionedsearch, which results in technological
discoveries based on new knowledge or practicestiiem, newer role of universities is to
create facilities for enterprises that are inter@sh basic research and basic technological
projects, as they usually have sufficient equipmeptality human resources and the
necessary know-how. It is now quite desirable farg university to support collaboration
in the broadest possible sense and the transferuw&nt and future knowledge and
experience into practice. In this respect, unitiesioperate based on an interactive rather
than linear model of innovation. In today’'s dynantimes, the application sphere
is approaching the academic model with its proacéipproach to R&D&I. Great emphasis
is placed on increasing the technological level amgting innovative products. Activities
of industrial enterprises also include professidraihing and knowledge sharing. The role
of government is also beginning to change. In &ditto its traditional regulatory
approach, it often acts as a public entreprenedrvamture capital investor when setting
rules [15-17].

The current development of the situation is corrsidéhe second academic revolution,
because intellectual capital is considered as itaporas financial. Both of these
components are a platform for economic growth. @heve-mentioned triple helix and its
function is the main driver leading to this chariheough innovation and subsequent
development of new products. Originally, the maiterof universities was to provide
pedagogical activity, which has been transformederothe last two decades into
a combination of R&D&I and pedagogical activity. mée, the importance of new
knowledge and technological discoveries comes ®® fthre. It is no exception that
universities focus on the commercialisation of thetsults. With the development
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of a business background, the two worlds came begdab achieve the same objective for
society, and with the interest in fundamental discies with technological applications.
Industry in this connection represents the placerofiuction (it has machines, consumer
goods, market knowledge, etc.). The triple helixlissed by the government as a stable
source of funds ensuring the smooth running oftierocesses [18-20].

The common objective is to combine changes in teldyy, business models,
organisations and a competitive economy. The tgnguch that without the innovation of
existing products, services or methods of distidyytit is not possible for a private
enterprise to succeed on the market in the longoruperhaps expand into new markets.
Scientific competence plays an important role ie thnovative capacity of industry, but
there is no direct path from advanced researchntmviation. The time it takes for
a patented invention to become a useful produotisost cases quite long (Fig. 1).
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It is quite common for most advanced industriakegmtises to invest 5-15 % of their
annual income in expenditure on R&D&I each yeareFrises are also aware of the fact
that without collaboration with research organisasi, the results are usually not so good.
Not only is it possible to achieve the desired ltdsuthe form of a new product or service,
a great benefit for the application sphere is #fgoacquisition of new competencies, and
identification of new areas of knowledge that magsult in future technological
opportunities. Therefore, interconnection is beriafiin all respects [22].

This is a real phenomenon, as the links betweevetsities and the application sphere
and their impact on innovation processes have becdtm® subject of analysis in a wide
range of scientific communities, as well as thejeettof research from the point of view of
management, innovation economics, industrial oggitns, sociology of science and
scientific studies, and in science and technologylicp. The above-mentioned
transformation of universities was also due in pauther factors, including:

e achanging legislative environment,

» the growth of government initiatives in this areshich have ensured gradual
partnerships between public and private research,

e increasing political pressure from universities bmprove national economic
competitiveness.
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The impact can be demonstrated in several waymriticular by an increasing number
of patents obtained by universities as a resulR&D&I. Revenues from licenses are
becoming a more important source of university fagdin general, the resources invested
by the application sphere into universities arewging. Academic staff are increasingly
involved as researchers in so-called academic bssirThe trend is also to build facilities
for technology transfer (science parks, incubatupporting science offices, etc.) [23-28].

Sustainable development undoubtedly requires rhdical systemic innovations.
We live in a turbulent world, whose basic maniféetes are long-term challenges, constant
climate change, an aging population, desertificatiovater scarcity issues, planetary
pollution and emerging shortages of key raw materiar society. Therefore, time has
called on humanity to focus on new discoveries -w nesnergy sources,
environmentally-friendly processes leading to sustsle development, etc. We are in an
ideal environment to take advantage of the oppdtsnthat global innovation brings.
According to the studies, innovation, especiallyaigriculture, industry and services, is
crucial for ensuring long-term economic growth [29]

Empirical investigation
Human resource management

There is increasing emphasis by governments, csgional leaders and scholars on
the importance of creativity and innovation in woldces, to help to challenge old ways of
thinking and to identify new solutions to meet emtr challenges. While creativity may be
defined as the generation of ideas, innovatiornftisnoseen as the “stage of implementing
ideas towards better procedures, practices or ptsd30] It is people who are at the
heart of creativity and innovation; people develmw ideas and people put them into
practice. Some authors suggest that for it to leeessful, HRM must be a strong system
that is distinctive, consistent and based on casenThey see a strong HRM system
as one that signals to managers and employees is/leadpected, valued, and rewarded
within the organisation [31].

The Technical University of Liberec (TUL) is wellvare of the necessity to have
an HRM system, which reflects the legislation iis tireld. The following legislation relates
to public universities, among other things:

* Act 262/2006 Coll., the Labour Code - regulateatiehships between employers and
employees [32].

e Act 111/1998 Coll., the Higher Education Act - rtdas freedom of research [33].

« Ethical Framework of Research - formulated badhicat principles of behaviour and
conduct of researchers, freedom of research anctlhied responsibilities [34].

e Act 121/2000 Coll., the Copyright Act - regulatdse tprotection of intellectual
property rights [35].

e Act 527/1990 Coll., on inventions and rationalisatproposals - regulates rights and
rules relating to the discovery and implementatidrinventions and rationalisation
proposals [36].

* Act 478/1992 Coll., on utility models [37].

The above-mentioned national legislation is alsieceed and specified in the
following directives and regulations of TUL:
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» Rector’'s Directive 1/2018 Ethics Code for Employaes Students - defines freedom
of research and ethical dimensions and procedurBdla[38].

e Strategic Plan for the Scholarly, Research andro@meative Activities of TUL
2016-2020 (with annual updates) and Strategic gwveént Plan of TUL for 2020
with a forward view to 2030 - TUL strategic docurtespecifying research areas,
targets, tools and resources [39].

 Rector's Directive 2/2015 Protection of Intelledtu®roperty at TUL and
Commercialisation of Scientific and Research Resultregulates copyright and
industrial property rights at TUL [40].

e TUL Conditions of Employment - regulates individuahd flexible working hours,
home office scheme and part-time employment, eng@aare [41].

* Internal Wage Regulations - define basic wage feaeld motivation components of
staff remuneration [42].

e TUL Collective Agreement - defines relationshipscam trade unions, employer,
employees, outlines rights and obligations [43].

In general, it may be stated that in terms of humesource management, the
environment at TUL is at a high level. The intesest employees are protected by several
internal regulations. Specific non-financial betefof TUL employees, intended for
motivation include:

e Using individual and flexible working hours.

» Home office and sabbatical leave.

e Career development - further education, participasit seminars/workshops/training.

*  Mobility.

e TUL children’s corner.

e TUL kindergarten.

»  Suburban camps for school children.

» Above-standard length of holidays for researcherd tchnical and administrative
staff.

»  Accommodation at the TUL dormitory.

*  Free entry to TUL sport facilities.

*  Free hours in public swimming pool.

e Academic Advisory and Support Centre providing eavice.

A significant number of the above benefits are mrlion reaching a balance between
the work and personal life of mothers and fath€hés also helps ensure the gender balance
in the framework of working conditions. Of course,addition to the above-mentioned
benefits, TUL also offers financial benefits, whiate defined in more detail in the Internal
Wage Regulations.

R& D and Project/Financial management at Cxl TUL

The Institute for Nanomaterials, Advanced Techni@sgand Innovation (Cxl) is
a research centre of the Technical University diekéc. Its primary aim is to contribute to
the development of the region, which is traditibpalriented towards technical industries.
Cxl connects the laboratories of the technicaligises at TUL and collaboration with
major players in industry. Research programmedamgsed on areas of material research,
competitive engineering and system integration &itremphasis on the applicability of the
research and development results in practice.
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Due to the focus of Cxl and its aim to be a topeagsh institute, quality human
resources are a key investment. The activitiesopmdd as Cxl are focused on the
implementation of research and development andvetian (R&D&I) projects with
a focus on the application of results and collatimnawith industry in the form of
contractual research. It should also be mentiohatl@xl has an average of approximately
140 regular employees.

The below graph (Fig. 2) gives a breakdown of tinedfng of Cxl over the last six
years, divided into national projects, internationarojects, contractual research,
institutional support for the development of resbaorganisation and other sources.
National projects and contractual research are grttonkey sources of funding of Cxl.
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Fig. 2. Sources of funding of Cxl between 2014 @0d9 (in thousands of EUR) (own elaboration).
Note: Czech National Bank exchange CZK/EUR as db8dember of the given year

From Figure 2, it is clear that Cxl is very sucdesén the number and funding of
national projects, with the amounts of resourceswihig a growing trend. However,
revenues from international projects have beenirdaglsince 2017 and are insufficient in
terms of the importance of Cxl. Contractual resedras a variable character and depends
on the state of the Czech industry in the corredppgnareas, or the ability to reorient to
new industrial partners. Therefore, Cxl should ®ou better communication with industry
and presentation of its results applicable on tlaeket. The popularisation of R&D&I in
the business world is already an absolutely indispble part of the public relations of all
R&D institutions. In this regard, Cxl is working anore effective procedures in the area of
technology transfer and on updating their websitbich will better communicate with
target groups.

In terms of international projects, there was amaase in funding until 2016, but since
this year the amount of funding has declined. Tieson did not improve in 2020 either,
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when the volume is only around 320 thousand EURadditional information, Figure 3
shows the number of ongoing international projémtshe period from 2014 to 2020.
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Fig. 3. Number of international projects performatl the Institute for Nanomaterials, Advanced
Technologies and Innovation in the years from 2@12020 (own elaboration)

Since the establishment of Cxl, its priority hasemeto establish international
collaboration across all research specialisatioRsofessional, as well as support
departments, work systematically on achieving @meatuccess in participation on
international projects. Figure 3 shows that the Imeimof implemented international
projects more or less copies the funds obtainenh filtese projects. Undoubtedly, for the
further development of Cxl, it is necessary to ®aittention on establishing further
international and developing existing collaboration

The most important international projects impleradrat CxI include:

The project entitled I'hnovative Technology based on Constructed Wetlands for the
Treatment of Pesticide Contaminated Waters’ with the acronym LIFEPOPWAT began in
2020 in the framework of the EU programme LIFE. @&xthe coordinating beneficiary of
an international team from four countries. The ainthe project is the full-scale and pilot
application of a nature-based remediation systemtlie treatment of contaminated
wastewater containing HCH (lindane) compounds. tBoinology is called Wetlanf+

The project entitled I'htegrated Approach to Management of Groundwater Quality
In Functional Urban Areas’ with the acronym AMIIGA financed from the Interreg
Central Europe EU European Regional DevelopmentFealt with the management of
groundwater contaminated sites in EU countries.’sSCxble was mainly to perform
biological investigations at contaminated sitese Tnoject was performed between 2016
and 2019.

The large collaborative project entitledaking NANOtechnological REMediation
Processes from Lab Scale to End User Applications for the Restoration of a Clean
Environment” with the acronym NANOREM performed in the framewofkeU FP7 dealt
with the application of zero-valent nanoparticlesr fremediation of contaminated
groundwater. Cxl was the principal investigatoths work package Design, Improvement
and Optimised Production of Zero-Valent Iron Namtipkes. The project was performed
between 2013 and 2017. Cxl is especially successftihe fields of nanotechnologies,
environmental engineering and green chemistry.
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Discussion

Ways of maintaining and developing internationallatration may be seen in the

following steps:

Support forforeign internshipg/maobility of employees in research organisations and
the private sector, especially long-term stays.eBaen previous experience, it is
proven that personal networking is more benefiaiatl sustainable. This makes it
easier for R&D employees to appreciate common Ré&fjedives and possible
procedures and benefits. An automatic part of ewariility should be the result in the
form of a key contact, or other contacts for pdssiimllaboration.

Planning ofnetworking items with quality execution and organisation. &iing
contacts usable in the preparation of future andnt@@ance of existing project
activities is the cornerstone for success in thepgration and implementation of
international projects.

Focussing on educating thgounger generation, which should be motivated to
achieve greater objectives, especially in perfogmioint international projects that
provide wider impacts and benefits. Education efybunger generation also includes
the maintenance of quality human capital for thehter functioning and development
of society. This is also important for the genenadi change of managers, where the
older generation very often focuses on collabomatigth local industries and not
abroad.

In relation to the education of the younger genenatthe mentor or manager should
also focus on the possibshadowing of foreign researchers. R&D seniors usually
have the opportunity to discuss or consult thegaarof research with experienced
colleagues from abroad. Of course, junior employgesuld be “shared” for their
development, and the development of both instifigtio

In order to stimulate interest, it is also goodhtst experienced foreign researchers,
either for a short-term stay focused mainly onuksitons with R&D employees, or for
longer-term mobility enabling joint research and ttetermination of common R&D
themes in international projects. This measure i@sloides an increase in the number
of researchers from abroad who have been workingpeatinstitute for a long time
(e.g. foreign PhD students).

In order to establish collaboration with foreignnigplaces, it is important to obtain an
international comparison of ongoing research widading foreign workplaces.
For this, it is important to present the resultsre$earch at majomternational
conferences or seminars. During these seminars, it is alsosiptes to learn of
advanced themes for further development.

Support of English leading to the publication of R&D results in imational journals
and in collaboration with foreign institutions. Hatluction of a fully bilingual
environment at Cxl.

Activities leading to joint workplaces with foreigmstitutions and the ensuing
intensive inter connection of research with these institutions.

In any case, we must not forgattivation, which is the alpha and omega for success
in human work. If management does not include gigdtion in international projects
among its strategic goals and does not promoteatigia with various support tools,
then there is really very little chance of succedsany enthusiastic team for
implementation and sustainability in internationalojects. A specific form of
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motivation may be a financial reward associated hwiubmitting/obtaining

an international project. Furthermore, it may beoa-financial reward, for example,

in the form of a long-term internship for the editgbment of collaboration, or the
setting up of a separate R&D team to implement ecifip R&D plan, etc. It also
includes support for the acquisition of unique pquént to perform special research
activities.

In order to ensure all of the strategic goals of, Ghe management decided in 2017 to
sign up to the European Charter for Researchers thedCode of Conduct for the
Recruitment of Researchers. Since the spring 002021 has been the holder of the HR
Award. This award promises to increase the presifgéx| at the national, but especially
international level. The management of Cxl is awafethe importance and positive
benefits of involving experienced scientists frobraad; therefore, it is also looking for
new scientists in research teams outside the CReglublic. In addition, this award, and
especially the implementation and adherence tptimeiples of the Charter and the Code,
may motivate foreign scientists to work at or dofleate with Cxl in Liberec.
The principles of the Charter and the Code arended to ensure a “better” environment
for domestic and existing R&D&Il employees of Cxlhd working group developed
an Action Plan reflecting the identified shortcogsnThe set actions should ensure quality
and fair conditions for human capital. Furthermotige position of ombudsman was
established at CxI at the beginning of 2020 to eneqgual conditions.

Conclusion

As a research institute that is part of the Tedriniversity of Liberec, Cxl is fully
aware of the current trends. The quality of R&D&p&nds on the effective collaboration
of research institutions, i.e. universities, and #pplication sphere. This interconnection
plays a very important role in the economic growtbmpetitiveness, support of new
discoveries, innovative products and servicesciefit human resources and the economic
activities of all stakeholders involved. Our expede with university-industry
collaborative actions is connected to Institute X@nomaterials, Advanced Technologies
and Innovation of TUL.

Due to its focus, Cxl mainly implements projectcailaboration with the application
sphere, the results of which have a high potefdiabpplication on the market. The main
providers of national projects that have a domimaptesentation in the funding of Cxl are
the Ministry of Industry and Trade and the Techggld®gency of the Czech Republic.
In addition to national projects, CxI also colladi@s on international projects, although to
a much lesser extent. In addition to these int@nat projects, some national projects also
have an international dimension, or their reswdtgédt foreign markets. In order to put the
results of R&D&I into practice, a Centre for thegport of Technology Transfer was also
established at TUL, and a Department for the Priamaind Relations with Industry was
established directly at Cxl. However, Cxl shouldus significantly more in its strategic
goals on internationalisation and its implementatié Cxl wants to continue to be one of
the leading R&D&I institutes in the Czech Republitt, is necessary to focus
on collaboration with international institutions darenterprises. To strengthen this
collaboration, several parallel steps have beeentand will be interpreted in the near
future. These include support for foreign mobilagpd internships, networking, targeted
education of the young generation towards inteonali activities, shadowing and
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observation of foreign researchers, active preientaat international conferences, support
for publishing activities, creation of joint worlgaes and motivation of human resources.
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