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1.0 INTRODUCTION

Innovation is the engine of growth that leads to the conversion of research ideas into
technologies and products in the shortest possible time, and thereby creates jobs, economic growth

and prosperity foranation.

The Oslo Manual distinguishes between innovation as an outcome (an innovation) and the activities
by which innovations come about (innovation activities). The latest edition defines aninnovation as “a
new orimproved product orprocess (or combination thereof) that differs significantly from theunit’s
previous products or processes and that has been made available to potential users (product) or
brought into use by the unit (process)”. (www.oecd.org -sti>inno

> 0slo-manual-2018-info)

Over the years, Innovation has become an extremely important parameter to measure a
country’s intellectual dynamism and competitive power in the industrialised world. In the Global
Innovation Index (2020) Switzerland retains its pole position as the most innovative country for the
10t consecutive year, followed by Sweden USA, UK and Netherlands. The geographyofinnovation
isalsoundergoingamajorchange, withcountriessuchasIndia, China, the Philippines, and Vietnam
making significant progress in their Gll Innovation Ranking over time. All four countries have now
broken into the top 50, with India in the 48t position. (www.wipo.int)

The nature of innovation activities in a country is an outcome of its policies, institutions, and the
interplay between them (Lundvall, 1988). Formally called the National System of Innovation, this
configuration ismore commonly referred totoday as the innovation ecosystemof a country.

The objective of this note is to outline some priorities and options to strengthen the Indian
innovation ecosystem. We start by outlining the characteristics of theinnovation ecosystems of some
countries which are relevant tothisobjective.
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1.1 Comparison ofsome selectinternational research and Innovation Ecosystems

Switzerland is one of the most innovative nations is the world and has all the key
characteristics required such as a well-trained work force, excellent academic institutions, fully
developed infrastructure, diverse funding possibilities, freedom for creative thinking, a strong
network, high R&D expenditures etc. The Industry in Switzerland contributes 2/3 of the Swiss R&D
Expenditure, while public funds are largely used for fundamental research. Swiss tier-one
universities(i.e. 10cantonaluniversitiesandSwitzerland’stwo federal institutes of technology:
ETH Zurich and EPF Lausanne) hold strong to very strong positions in international ranking lists.
Switzerland has the second-highest per capita expenditure on education in the world (14,900 USD
peryear). Its total education expenditure corresponds to 5.6% ofits GDP (2013). (www.swisnexx.org)
. Switzerland also pursues ahighly internationalised strategy of Innovation and research.

The German Science and Innovation Landscape is organised with characteristic efficiency and clarity in
order to fast track innovation. Europe has, for the longest time, made Innovation its success mantra
and secured its indelible position as a Technology Leader thereby creating huge dividends for its
R&D and thereby multiplying employment and economic power for its



constituencies. The ecosystem in Europe particularly Germany and Switzerland is extremely well
evolved, with universities and research institutes that engage in fundamental research on the one
side, and the Industry that invests inInnovationand R&Dontheotherhand, bridged by applied
research institutions that compress the innovation cycleand bring products from lab to market
inthe shortest period of time.

At one end of the continuum, basic research is conducted through organisations like the Max Planck,
Helmholtz aswell as Institutes of Applied Science. At the otherend of this continuum is the Industry as
user of this knowledge, which creates products that are technologically superior, faster, cheaper
and aligned with customer requirements. The process of leveraging the results of basic research and
converting them into processes that achieve the needs of the Industry is takenon by applied
research organisations such as Fraunhofer. While the Universities, and fundamental research
organisations get up to 100% of their funding from the German Government, applied research
organisations like Fraunhofer have to earmn more than 2/3d of their budgets from projects
contracted by clients.

Innovative c&
RTOs bridgethe reate

Universities

perform excellent
scientific research

nnovation gap with
technological R&D

new products

Source: Fraunhofer model of applied research in the German Innovation Landscape (Fraunhofer profile
presentation)

The UK Research and Innovation (UKRI) is a quasi-autonomous non-governmental organisation
of the (UK) that directs research and innovation funding, funded through the science budget of
the Department for Business, Energy and Industrial Strategy (BEIS) (www.wikipedia.org).
Earlier the Research Councils focussed on fundamental research and the connect to business was
driven through Innovate UK and Catapult Centres. Since 1 April 2018, UKRI brings together seven
existing research councils, Innovate UK and the Research and Knowledge Exchange functions ofthe
Higher Education Funding Council for England (HEFCE) into one unified body. Working in partnership
with universities, research organisations, businesses, charities and government its mission is to
foster research and development within the United Kingdom and create a positive "impact” - "push the
frontiers of human knowledge andunderstanding”, "delivereconomicimpact”and"create social
andculturalimpact”.
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UKRI was created following a report by Sir Paul Nurse, the President of the Royal Society, who
recommended the merger inorder toincrease integrative cross-disciplinary research. The Catapult
Network (www.catapult.org.uk) brings togethernine elite technology centres established by
Innovate UK as a long-term investment in the UK’s economic capability. Catapult unitshelp
industry to fast track the adoption and scaling up of new technologies and thushelpcreate products
andservicesthatcancompeteintheglobalmarkets. Theyare equipped with cutting-edge R&D
infrastructure, partnership-building and specialist knowledge and hence connectresearch to
industry seamlessly.

China’s science and technology ecosystem: Arecent Studyby Global Advantage Consulting provides
insightsintothe intricate S&T ecosystemthat has evolved overtime. China’s spendingonR&D
(as a percentage of GDP) has been increasingly steadily and Chinese industry invests heavily (as a
percentage of GDP) onR&D.

The country has five key objectives in its 15-year (2006-2020) plan for scientific and
technological development:
1. Raise theratio of S&T development contributed tothe economy to 60%
2. Raise GERD/GDP to2.5%by 2020
3. Reduce reliance on foreigntechnology and IP to less than 30%
4, Beamongthe top five worldwide in domestic invention patents and international
citations of scientific papers
5. Identify 11 key national economic and social development areas, focusingon the
selection of 68 priority topics

Chinese universities are ranking higher globally aswell. China now leads internationally inthe number

of science and engineering graduates with Bachelor’s Degrees, and ranks third in science and

engineeringdoctoraldegreeawards aftertheUnitedStatesandEurope.

China’sambitious BeltandRoadInitiativehasS&Timplicationsaswell, someofwhichinclude

(www.globaladvantageconsulting.com)

Establishingjoint labs, scienceparks, internationaltechtransfercentres,and S& Texchanges

o Constructing cross-border information and communication technologies and energy
infrastructure

o Usingsatellites built forcommunication, navigation and remote-sensing tobuild a “Belt- and-
Road spatialinformation corridor”

o Developingdigital connectivity platforms

The United States does not have a single unified science policy. Instead, the Science Policy of the
United States is the responsibility of many organizations throughout the federal government.

Much of the large-scale policy is made through the legislative budget process of enacting the yearly
federal budget, although there are other legislative issues that directly involve science, such as
energy policy, climate change, and stem cell research. The US has
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consistently strengthened its science and technology ecosystem by focussing on some
important policies: (www.oecd.org/sti/inno/2754226.pdf)

Firstly, science - including understanding-driven research, targeted basic research, and mission-
directed research - must be given the opportunity to thrive, as it is the precursor to newand better

understanding, productsand processes.

Second, the role of the private sector is extremely critical in maintaining the overall scientific and
engineeringenterprise.

Thirdly, strengthening of the education system from Kindergarten to University and ensure that the
human resource capital is leveraged.

Fourthly understanding that science has moved beyond boundaries and therefore the
internationalisation ofscientificandresearch cooperation mustbeencouraged.

Finally, the symbiotic relationship between science and society must be maintained. Notonly it is
enough to strengthen the scientific enterprise, but the ties between society and science must be
fortified

The partnership of the US federal Government and the Universities has led to vital benefits for
technological leapfrogging. The excellent infrastructure of Federal labs and research facilities
coupled with the network of independent labs has ensured that both national priorities as well
asindustry’s requirements are equally addressed.

In contrast to the countries discussed above, India has focussedon astrong academic and basic
research capability, the outcomes of which are early stage discoveries (Technology Readiness
Levels of 3-5). Hence most of its research coming from Labs and Universities still needs much more
calibration and development before itisusable by the industry (Technology Readiness Levels of 7-9).
India, which lacks dedicated applied research institutes, needs to accelerate the connectbetween
its research and industry, in order to fast track development, adoption and deployment of new
technologiesto market.

2.0 THEINDIAN INNOVATION ECOSYSTEM

As one of us described it in arecent article, the Indian innovation ecosystem as it is today, is a mix of
two different setsof characteristics—one setreflecting the strategic intent of creating ascience-based
innovation architecture along thelines of that foundin advanced economies (Nair etal., 2015) and the
other reflecting a home-grown frugal approach to meeting basic needs in a resource-scarce
environment (Krishnan, 2010; Prahalad & Mashelkar, 2010). The former can be traced to early
decisionsmadebythepoliticalleadershipinthedecade followingIndianindependence fromthe
U.K. in1947.


http://www.oecd.org/sti/inno/2754226.pdf)
http://www.oecd.org/sti/inno/2754226.pdf)

AScience Policy Resolutionin 1958 declared that “It is an inherent obligation of agreat country
like India with its tradition of scholarship and original thinking, and its great cultural heritage, to
participate fully in the march of science, which is probably mankind’s greatest enterprise today”
(Government of India, 1958). Over the next few decades, India set up networks of government-owned
and operated laboratories for R&D in atomic energy, space, defense technologies, health, and
agriculture apart from scientific and industrial research (Chopra, 2007; Nayar, 1983).

India has also contributed immensely to the concept and development of “Frugal Innovation”.
Impactful frugal innovation in India, is the outcome of: (a) aculture of improvisation built around a
propensity to find solutions based on available resources; (b) alarge prospective market where the
identification of the right combination of price and functionality can cause demand to surge; (c) a
price-sensitive yet open-minded mass of consumers; (d) gaps in service provision and extreme
conditionscreating apent-updemandfor low-cost productsand services in areas of basic need;
(e) an inclination toward service and business model innovation; (f) increasing availability of
social funding at a low cost; and (g) increased emphasis of innovation policy on inclusivity and
outcomes (NESTA, 2012). Over time, even the science-based innovation system created by the
government has drawn on the frugal approach preferred by the rest of the country. For example,
the ambitious Mars exploration mission of the Indian Space Research Organization, Mangalyan, is
believed to have cost just one-tenth of similar missions by other countries. (Krishnan RT,
PrashanthamSS. Innovationin and from India: The who, where, what, and when. Global Strategy Journal.
2018;1-21. https://doi.org/10.1002/ gsj.1207). Frugal innovation is not just a need of emerging
economies, this trend has gained momentum and acceptance even in mature markets, as it leads to
resource efficient production and fine focus on the customer requirements such as functionality
and cost advantages.

2.1 The historical perspective and howthe Indianecosystem developed:

Inthe early 1950’s India chose to structure itsScience Programme onthe lines of the Russian model of
strong fundamental research. Many decision makers within the S&T scenario still believe that
fundamental research and applied research are inter-dependent, and can be pursued equally by
the same institution. However, Indian Industry which was initially protected from global
competition, and subsequently aligned itself to globalisation only in the early 1990s, always had the
advantage of a big domestic market and few large players, and hence did not experience the
imperative of innovation to tackle competition. Therefore, Industry did not pursue the path of
innovation for differentiation, and also did not invest in medium or long term R&D. Instead, it
preferred the short-term approach f in-licensing and quick financial results. The structural
disconnect ofan industry that seeks quick results and research institutes that invest in fundamental
research manifested itself in poor relations between the two stakeholders.



Over afew decades, the divide between Industry and Academia had widened andresulted in alack of
communication between the two, which is manifested as a lack of trust, and a mismatch in
expectations from each other. The spin off effects are, that product innovation inIndiaisararity,
andsoisthenecessaryinfrastructure suchasmanufacturingortesting facilities (at industrial scale)
within the research institutions. Additionally, regulations such as out-dated Labour laws (recently
amended) and regulatory policies made it unattractive for companies to increase their scale or
invest in R&D; instead they rather focus on remaining small so that they could benefit from the
subsidies and grants from the Government. This has resulted inlack of scale and size of the industry,
with just one or two large companies in critical sectors such as machine tools and automation, or
precision manufacturing industry with the rest remaining cottage or small and medium sized.
However, very concrete steps are being taken by the Government of India now to bring the
stakeholders closer and enable asymbiotic relationship between Industry and Academia.

The innovation culture of the Indian industry is at a nascent stage, particularly due tothe fact that
family-owned and led enterprises largely refrain from ploughing back profits into the R&D for the
company. The Automotive industry is a case in point where despite the influx of foreign technology
when the Indian Industry opened its doors to globalisation, the focus has been on in-licensing and
“Art-to-Part” rather than embracing Product Innovation. In recent times, there is a larger appetite
for innovation, with Tata Nano being a shining example. On the other hand, the Pharma Industry,
India’s most R&D-intensive industry, largely led by technocrats, hasbeen agame changerwhere
innovation has beenthe hallmarkof thisindustry. NSTMIS, 2013). The ITsectorremained largely
at thelevelofITback-end support rather than ushering in transformational R&D in user domains.
This is now changing rapidly with Engineering and Designservices growing at arapid pace.

2.2 Theimperative thatdrives the urgent need to develop appropriate innovation ecosystems

Indiamissed the economic revolutionin the 60’s during which most of the East Asian countries
such as Taiwan and Singapore marched ahead. With the globalisation in 1991, India hasheralded its
advent into the emerging economies of the world, and has since grown substantiallyintermsof
GDP. Inthe period following the economic liberalization ofthe early 1990s, the country has seen
the rise of the Indian software services industry (Arora, Arunachalam, Asundi, & Ferandes,
2001; Krishnan & Vallabhaneni, 2010; Pant & Ramachandran, 2012), the intemationalization of the
pharmaceutical industry, particularly in generic drugs (Chittoor & Ray, 2007), instances of catch-up
in the auto components industry (Kumaraswamy et al., 2012), which include outward-oriented
innovation, and frugal innovations such as the development of the low-cost Tata Nano car in the
automotive industry (Radjou etal., 2012). The ambitious targetofbecomingab trillion Seconomy
however can only be achieved if India is able to accelerate the trajectory of advanced
manufacturing and innovation.



With several hundreds of the top MNCs having their captive R&D Centers in India, with its
extremely qualified young workforce and a large domestic market, India has some of the key
prerequisites of being a global innovation hub. Over time, many of these centres have grown in size,
and they account for anontrivial fraction of the overall R&D strength of their parent companies. The
scope of these centres has also increased. Some of them have taken onglobal product responsibilities
orat least responsibility forsomesignificant module.

An emerging role for the Indian R&D centres of MNEs is taking the lead in developing products that can
meet the needs of India and other emerging markets. For example, Jha, Parulkar, Krishnan, and
Dhanaraj (2016) document how Cisco developed arange of cell site routers to meet the needs of
Indian mobile service providers to straddle old (2G) and new (4G, MPLS) technology simultaneously
in their mobile service networks. These products operate in the so-called last mile of the
telecommunication networkand constitutetheentrypointfor consumer voice and data. These
products were entirely conceptualizedand ultimately developedbyCisco’sR&D centerinIndia
inresponse toaperceived opportunity toserve unique emerging market needs. The product
incorporated the latest features, butits development followed a frugal approach. Eventually,
Cisco also sold the product in its developed markets as well, thus representing an interesting
example of the much sought after but difficult to accomplish phenomenon of reverse innovation
(Govindarajan & Ramamurti, 2011). Mudambi et al. (2017) highlight Renault-Nissan’s Kwid
project as one of the most ambitious examples of a multinational using India for innovation.
Other companies like Renault and Gillette have embraced frugal innovation approaches to
develop products especially for India and emerging markets (Krishnan, 2013c). These examples
underline India’s potential to do effective innovation across the value chain if structural
impediments are removed.

TABLE 1: Multinational R&D Centers in India
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AspartofitsGrowthStoryIndiaseeks tofast trackatransition frommeasuredgrowthand limited
connectivity to hyper-growth, resulting in leapfrogging of technology, as an alternative to
the slow and steady evolution that industrialised nations experienced. However, as explained
earlier, the infrastructure and the ecosystem of industry and academia collaborationis not yet fully
inplace.

On the other hand, Start-ups in India are emerging at an impressive speed, and young people prefer
to go through theroute of entrepreneurshiprather thanemployment.

We believe that the system that is likely to work in a country like India, is one of a multi-
stakeholder ecosystem of innovation hubs with start-ups, academia and industry that will
incubate, demonstrate and leapfrog technology interventions. Independent companies will pickup
proventechnologiesfromthesehubsandscaletheminashortertimecycletothe market.Indian
Industry has, in general, notdemonstrated the temper and culture toinvest in medium to long term
R&D. The focusis more onin-licensingorshort term IPR that can be quickly exploited to get
profits. Thisis also due to the nature of a large growing economy which faces disruptions and
dramatic developments in many of the growth areas as against mature economies that offera
relatively steady environment.

Reflectingtheculturalmindset elucidatedabove, thetotalcontributionofR&Disamere0.8

% of the GDP, largely driven by Government investments and allocations, of which the private
industry’s contribution is approximately 0.3%. In abid to accelerate the R&D growth to at least 2.0
% of GDP, the Government of India has initiated several programmes and funding instruments to
foster innovation. These include setting up of centres of excellence invarious locations with specific
industry focus, and providing funding mechanisms for 80% of project cost (example SAMARTH
Initiative by DHI). Sectoral initiatives to support Biotechnology and Medical devices are also
noteworthy.

The programmes such as Skill India and Digital India seek to empower the young workforce oflIndia.
It is recognised that manufacturing needs to be a major engine of growth in India and the
Government seeks to enhance its contribution to GDP from the current 16% to 25%. Towards this end,
the Government has initiated the Make in India programme, that seeks to attract large MNCs to set
up their manufacturing operations in India, using the local supply chain to leverage the cost
arbitrage. However, the results have notbeen as expected, perhaps due to the poor innovation and
quality focus ofthe Tier 2 and 3 companies. The Government has recently announced a programme
toattract investmentsin 10 prioritysectors using Production-Linked incentives - the objective is
to get some of the largest players in these sectors toestablishsupplychainsatamuchlargerscale
than before.
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2.3 Howto strengthenthe IndianInnovation Ecosystem:

While the Indian innovation ecosystem has some strengths noted above, there are many
dimensions on which further development is needed in order to create a contemporary and dynamic
ecosystemwhichdelivers economicimpact tothe country:

» Policy Initiatives: Oneofthemostimportant elementsineffortstowards fostering R&D is
the need for consistentand focussed fundingprogrammes by Government which aligns
its funding and grants programmes more closely and brings a synergy among its
constituents. Large funding to exemplary academic institutions needs tobe followed up to
ascertain their efficacy and outcome. Different ministries that provide funding for similar
outcomes should coordinate their efforts and align them to achieve greater synergies.
Funding for private sector should be made more accessible. The Department of
Biotechnology has an excellent programme to fast track innovations from Industry in Hi-risk
areas (Birac), but most other Ministries still find it difficult to fund industry contributions.
Several countries support ahealthy partnership between theindustry and research in project
areas that do noteasily attract investors. Insuch fields, industry is also funded so that they
can bring in their knowledge and market understanding to accelerate the innovation
curve and also on-board their commitment asusersof theresearchresults. The Public
Sectorcompanies which receive huge financial support from Government could be an
excellent candidate to set upproof-of-concept for new ideas such as battery technologies,
renewable energy projects etc., as they have excellent infrastructure, and can collaborate
with research institutes to test the results of fundamental research. There is an urgent need
for an overarching framework bythe Government onR&D which should lay outthe key areas of
focus, identify strategic stakeholders, define innovative funding patterns and chart aclear
roadmap for the desired outcomes so that all stakeholders including those from the
Government are aware of the strategic thrust, are aligned tothe common goals of the country
and synergies among organisations can bedeveloped.

» Encourage collaborative research and multi-stakeholder partnerships: Most
outstanding institutions are working in silos. They do get intermittently involved in
collaborative research with similar institutions or private industry. An incentive to
collaborate should be introduced so that the knowledge gained does not remain
restricted tothese institutions but gets translated to the larger good of the economy orto the
broaderstakeholderbase.

» More focus on the Rol of funding programmes: Extreme dependence on a small group of
brilliant academic institutions for applied research: It is a global best practice that grants
and largesse given toinstitutions are evaluated on criteria that justify the funds spent. The
Government funding programmes should have a strong built in Monitoring & Evaluation
(M&E) mechanism that evaluates inter alia if other partnerswere involvedin projects,
whetherthe outcomes of such projectshave

11



reached the market or been picked up by industry for scaling, whether MSMEs have
benefitted, and how many spinoffs havebeen created.

Remove Structural gaps in incentivising collaboration among institutions: Innovation
presupposes cross fertilisation of ideas. By encouraging and indeed mandating
institutions to collaborate, knowledge is shared and thereby capabilities are
developed at abroader level. The Research and Innovation Landscape inIndia should create a
structure aimed at developing synergies among institutions and work towards a common
cause, leverage strengths and converge on strategic focus areas of the country. UK
Research Innovation is the umbrella organisation for Research, Innovation and Industrial
incubators such as catapult. Fraunhofer in Germany is embedded in the University landscape
with every Head of Fraunhofer Institute being a Chair of that discipline at theUniversity and
hence theinstitutional links are established. There are programmes that encourage and
facilitate cooperation between Max Planck, Fraunhofer, Helmholtz and other
scientific partners.

Improve Infrastructure for common use and sharing of resources (Labs/testing
equipment and machinery). Industry does not find any value in working with
institutions that are far behind in terms of content and infrastructure. If the
manufacturing and testing infrastructure in the research institutions is ahead of the industry
by at least a couple of years, this will be a formidable reason for industry to work with the
research institutionsin amore intense manner.

Open Innovative culture in research institutions is imperative to encourage innovation.
Incentives for Spin offs by researchers, structural initiatives to engage with Industry need to
be setin place. Professors fromtheacademic institutions are primarily evaluatedonthe
basis of research papers, not entrepreneurship, although the trend is changing. Spin offs by
scientists and Professors should beencouraged and leveraged forscaling by Industry.
Systemic mentoring and progression for young talent: Most young postgraduates
interestedinresearchrelocatetotheUSorEuropetopursuePhDProgrammes. In orderto
increase the number of PhD students in India, concrete step have tobe taken. Companies like
Microsoft are already working on increasing the number of PhD studentstheysupport,
and similar programmes need to be facilitated. Young student researchers are a great
resource who notonly question status quo but also are amuch cheaper than full professors on
aresearch project. Fraunhofer forexample has 30% of its overallemployee base formed by
DocandPost Docstudents. The trend of top engineering institutions like the IITs shifting
emphasis of their academic programmes to Masters and Doctoral levels should be
intensifiedandsupportedwithadequate resources.

PSUs involvement in R&D for strategic topics with institutions: PSUs get strategic projects
and high level funding from Government. They also operate for the larger public good and
have a much larger canvas to play on. They should be encouraged to work closely with
Indian research institutions to develop proof of concept and
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breakthrough research. Theycan beapowerful intermediary totestat pilot scale and thereby
facilitate largescaleadoptionanddeploymentbyprivateindustry.

Government funding should support not only R&D institutions but also industry in hi-risk
projects and topics: The funding programmes of most countries in new areas of research
and high risk projects foresee funding for all partners be it industry or research
institutions. In India however, Industry partners do not get funding (except for a few cases
like DBT) but merely funding based on low interest which needs to be paid back once the
research result is ready. This is unattractive for industry partners, and also does not
underscore applied market driven research. Industry should be seen as a valuable partner
from the very first stage, and a call for proposals that ensures a robust and transparent
selection processcanbeusedtoavoidany malpractices.

Competitive, seed Funding: Assured 100% funding by the Government results in research
institutions not being sustainable, and not accountable for their operative costs or funding
of projects through third parties. Institutions should be encouraged tobepartners “with skin
inthe game”, whereby they contribute through income from third parties. Even if funding is
provided up to 100% in the first year, there should be amodel of reducing contribution by the
Government over subsequent years, leading to at least 50% funds coming from third party
projects. As can be seen from the example of US and Europe, applied research
institutions are quasi government, autonomous organisations, that eam a large part of
their budget through industry- driven projects as wellas from othersources.
Technology capability was largely built in large companies and concentrated in a small
niche group thereby depriving the MSME s of the benefits of innovation. This hasledtoa
low common denominator of technology readiness across the breadth of the industry. In
other countries, MSME is the engine of innovation. The evolution of the Indian Industry is
heavily skewed with some companies being almost world class and a large segment
remaining deprived ofbasic technology, thus creating islands of excellence. In the country’s
interest, there should be research and development on basic technology applications for a
larger base ofindustries including SMEs so that the supply chain is strengthened and the level
of technology capability in the country is maintained at healthy levels. Towards this, the
government should consider multiple pre-competitive projects and training/shared
equipment for the MSMEs toraise their innovation and technology capabilities. The MSME Tool
Rooms (Technology Centres) can be used very effectively for helping the MSMEs achieve the
state-of art technology in theirrespectivesectors.

Innovation Culture: Indian Industry largely prefers in-licensing and buy back
arrangements, rather than investing in medium to long term research. While this is the
most difficult issue toresolve as it takes a long time to develop the requisite culture,
steps need tobe takentoencourage industry toinvestmore in R&D. The recentdecision
to allow the 2% of the company’ earnings as CSR contribution for R&D projectsis a very
welcome move.
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» Clusterinitiatives in India are largely real estate options: Most of the clusters (SEZs/STPIs)

established in India are largely real estate ventures, as they accommodate any stakeholder who
wishes to set up operations in the area allocated. There are no cluster managers who work
on behalf of the cluster, there is hardly any collaboration or cooperation among the cluster
companies, noris there acommon research centre with training and testing facilities. There
is hardly any evaluation of the clusters to understand the outcome of these cluster
initiatives. Incontrast, clusters abroad are a strategicinitiative, involvingselection of the
resident companies, ensuringthe participation of the entire value chain starting from raw
materials providers to users, are led by a cluster manager who manages and markets the
cluster, includes acentre for training, research and testing as a shared resource forall
participants, and presupposes collaboration with the universities and centre of excellence
aswell asan M&E system that seeks to ascertain and validate theacceleration of innovation
that such clusters are deemedto achieve.

3.0 RECOMMENDATIONS FOR POSSIBLEMODELSAND INITIATIVES

In order to accelerate innovation and market-driven research in India, the most important step
would be to “openup” the ecosystem. Inorderto stimulate amulti-stakeholder engagement
and participation, it would pertinent to set up at least 3- 4 innovation clusters that break the
“business as usual” syndrome and drive home the urgency and need to focus on value driven
research.

The clusters (ASTRAs- Applied Science and Technology Research Alliances) should be
multidisciplinary in their pursuit of innovation yet focussed on aspecific thematic area, include
all stakeholders within this field and be led by a Cluster Manager who isa Technology
Manager (notscientist). The Clusters could beinthefollowingareas:

Smart Manufacturing andmaterials (Digital Manufacturing, Industry 4.0)

Smart Energy (Solar, Wind, Thermal, Hybrid, Gridintegration, E-mobility)
Artificial Intelligence (Health, Agriculture, Manufacturing)

Defence and Aerospace

Health, Pharmaand Medical Technologies

SmartMobility (multimodaltransportation, newgenerationmobility, E-mobility)

VVVYVYY VY

Each clusterwill be funded by the Government and by theotherstakeholders including
industry (60:40 or 70:30). The clusters will be incentivised for collaborative research
(participatingin calls jointly with other partners).

The Clustersshouldbe autonomousandself- sufficient for theiroperating costs.

Each cluster will be led by a cluster manager (CEO) who is a Technology Manager (not a
Scientist) with marketing and communications skills accompanied by a good
understanding of the thematic area of the subject. He/She should be hired from the free
market, and not deputed fromanyof thescientificinstitutions.
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The cluster should possess infrastructure such as machinery, equipment and testing
facilities that are at least 3- 4 years ahead of industry state of art. This will render it
attractive for industry to come to the cluster for shared resources as well as
contracting theinstitutions forresearch projects.

The Funding for the clusters should be highly innovative and out of the box, ensuring
financial participation by all stakeholders (ownership and good returns on the
investment. The Government could initially fund 100% of the costs, and over a 5- year period
reduce its contribution on a yearly basis, with industry and other stakeholders increasing
their contribution. This will provide for a proof of concept as well as advocacy forthe
industry to participate withmore energy andvigour. All clusters should have a business
model that works towards generating at least 50% of its funds and their continued support
should be evaluated on theability of fulfilling this criterion.

The projects financed by the Government should be based on a call for proposals that
mandates institutions to work on a collaborative approach. Large scale funding of single
institutionsshould be avoided.

Applied research institutions such as C-DAC, IlITs, and Technology Centres (Tool rooms)
as well as some excellent CSIR Labs should be utilised as accelerators as they are closely
connected to the industry and have extremely qualified sector experts. They should be
charged to take the fundamental research work from the academic centres of excellence
such as IITs and lISc to the next level of Technology Readiness (TRL- 6-9).

Culture within the research institutions should encourage young researchers and have
strategic initiatives that empower youngresearchers tostaywithin thesystem forPhD and post
docwork. Thisyoung research cohort isan excellent resource for questioning the status quo
and also make the research projects extremely viable and cost competitive.

It would be useful for each cluster to develop an intemational alliance partner. This would
facilitate access to international collaboration opportunities, mobility of researchers,
and knowledge sharing among peers.

Monitoring and evaluation at defined regular intervals is extremely critical to establish the
efficacy of these clusters and make them sustainable. Defined parameters such as number of
industry projects, collaborations with peers, international linkages, mentoring of
Students, spin offs created, MSME participation etc. should be drawn up to evaluate the
efficacy and acceptance of the Cluster.

IIT Madras Research Park has shown the potential of structured initiatives to
encourage collaboration between high-end academic institutions, large corporate entities
and start-ups to facilitate dynamic innovation outcomes. The [IT Madras Research
Scheme concept measures and monitors interaction by the Research Park occupants with
IIT Madras professors and students to ensure collaborative projects happen.
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The creation of similar research parks around established institutions and research
laboratories with relevant collaboration metrics in place would be helpful.
Educationalinstitutionsmay be encouraged toformulatestart-uppolicies that
recognise participation of their faculty and studentsin start-ups as adesirable activity. This
willhelpresearchideasfrom thelabgetcommercialisedmore effectively.
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Asuccessful case study of aninnovation ecosystem inwater sector coordinated by
Fraunhoferin India

SMART WATER FUTURE INDIA

BACKGROUND:

Coimbatore faces rapid growth in the next decades, increasing the pressure on natural resources and
the need to secure water, energy, and food supplies. Asone of India’s 100 Smart Cities, Coimbatore
has embraced the chance to realize exemplary solutions and set the course for a sustainable urban
development. The project “Smart Water Future India” (SWFI) is fundedby the German Federal
Ministry forthe Environment, Nature Conservation, Building and Nuclear Safety (BMU) under its
Export Initiative "Environmental Technologies®. The project SWFI aims todevelop asmart, sustainable
watermanagement strategy for Coimbatore andestablishaWater Innovation Hub for long-term
cooperation between local stakeholders and German institutesand companies.

Fraunhofer Institute for Interfacial Engineering and Biotechnology (IGB) is the lead coordinator of this
project. Dr. Marius Mohr, Head of Innovation Field Water Technologies and Resource Recovery from
Fraunhofer IGB is theHead of this project. Other partners of this project are Drees & Sommer, Institute
forSocial-Ecological Research (ISOE) and trAlDe. The partners involved in the project SWFl are
experienced in the development of strategies and solutions in the field of integrated water
management world-wide, including the topics water supply, wastewater disposal, and storm-water
management. The project was facilitated by Coimbatore City Municipal Corporation (CCMC) and
Noyyal Life Centre in Coimbatore.

APPROACH:

The methodology for the analysis of the urban dynamics and strategy development is based on the
“CityLab” approachdevelopedinside Fraunhoferresearch network “Citiesofthe Future”.

= Understand: Local expert interviews, analysis of water management status quoin
Coimbatore.

= Involve: Discuss needsand potentials with local stakeholders and German water technology
experts.

= Develop: Plan astrategy forintegratedwater managementand incorporate feedback.

= Network: Develop theconcept foraWaterInnovation Hub for SouthIndiain Coimbatore.

The project team conducted multiple visits to sewage treatment and wastewater treatment plants,
and met with important stakeholders of Coimbatore tounderstand and assess the impacts of energy,
water treatment and waste management in the city of Coimbatore. This was followed bya large scale
stakeholders’ workshop that was organized in July 2018. Participants from Coimbatore Municipal
Administration and other Urban Local Bodies, along with Private companies, Universities, and Civil
societiesinCoimbatore cametogethertodiscuss the topicofwatermanagementinthecity. The
objective of this workshop was to identify challenges, invite suggestions, ideas and partnerships for
developing an Innovation Hub, which will formulate innovative, economic and sustainable strategies
for developing water sector in Coimbatore, with a view to forge a long-term cooperation between
local stakeholders and German institutes and companies.



RESULT:

This workshop deliberated upon thestrategies for three major challenges in Coimbatore namely Semi-
centralized sewage treatment, water quality data monitoring respectively and setting up of aWater
InnovationHub, which were discussed in the working group sessions of the workshop, and their
respective resultswere presentedto stakeholder and the city corporation.

1. Semi-Centralized Integrated Water Management: Semi-Centralized Water Management

integrates different technologies, combining benefits of large, centralized infrastructures and
smallersystems, also considering the energy and foodsectors.

Problems to be addressed:

= Insufficient wastewater collectionand treatmentinfrastructure.

= Pollution of waterbodies (lakes, River Noyyal, and groundwater).

= Health problems, odour emissions, waterscarcity.

= (entralized concepts are not flexible and complicated toimplement (obstruction of
streets during construction etc.).

= New facilities currently under construction, butstill parts of the growing city without
wastewater collectionand treatment.

= Municipal solid waste separation systems in is Coimbatore insufficient, leading to
waste of organic resources.

2. Water Quality Data and Monitoring: Implementation of a smart monitoring and data
management system for water quality and quantity. Technologies to monitor the quality of
treated industrial effluents, surface waters and groundwater and to visualize the results.

Problems to be addressed:
= Pollution of lakes, Noyyal river and groundwater is an urgent problem.
= Human health is endangered by polluted water resources.
= Dataonwater quality and quantityisimportant foridentifying and locating of
problems.
= Monitoringisnecessary asabasisfordemonstrating the effectiveness of measures.

3. WaterInnovationHub: In the Water Innovation Hub, German and Indian companies work
closely together with non-governmental organizations and city administrations to provide
solutions for demand-oriented water management in India. Small and medium-sized German
companies in particular can benefit from the network. The two identified fields of action
providefirststartingpointsforthislong-termcooperationbetween Germanyandindia.

As a part of this project, areport on “Integrated analysis of water management and infrastructure in
Coimbatore” was prepared and submitted in 2018. This report presents the current state of water
supply and sanitation as well asthe management of rainwater and otherwater sources in Coimbatore.
As the watersectorinteracts withmany othersectors and is an important component of urban
development, other sectors like energy, waste, agriculture, industry, urban planning, governance,
education are also addressed.



WATERINNOVATION HUB UNDER SWFI - CONCEPT

TheWaterInnovationHubis thebasisforalong-termIndo-Germancooperationinthewatersector.

?

Forum for network partners >=> accelerating knowledge
exchange between research, private and public sector

Starting point for project advisory and
coordination >>> getting projects on the
road and supporting local institutions in

decision-making processes (setting
priorities)

: Water Basis for_pro;e.cts |r.\ the fueld's of v@ter
uvaw z z problem identification and diagnosis
|I’ll‘l°\'ﬂﬂ0n Momtorlng >>> delivering clarity on the local issues

- Lab and raising awareness

Place for matchmaking of business
partners (suppliers, planners, ..) according
to local demand >>> efficiently bringing
demand and supply parties together to
elaborate fitting solutions

Showcase for prototypes and training modules >>> presenting
existing technological solutions and supporting education and
trainings in the water sector

OBJECTIVE:

Germany has decades of experiences in management and treatment of water and wastewater. Many
German companies offer good solutions, and are exporting these solutions to other countries as well.
India with itsdynamic development has large demand in the water sector and is an interesting market
for German companies. As most German companies are relatively small, they face difficulties on the
Indian market, e.g. they donothave enough presence onsite, are lacking relevant network partners,
are notinvolved in planning water infrastructure, and might not always have solutions adapted to the
Indian demand or the possibility toconceptualize andtest prototypes. On theotherside, Indian
stakeholders are eager to exchange knowledge and technical solutions onthelocal water sector. Often
the watersituation on siteis complicatedand needs partners, whoare willing and have relevant
resources todevelop, testand train solutions. One oftheresults ofthe project “Smart Water Future
India” is that thereisademand for a“Waterinnovation Hub” actingasaplatformin Iindiancitiesin
orderto address the above-mentionedissues.



A range of tasks for the Water Innovation Hub can be found in the figure below:

BEIE]

Diagnosis monitoring

Solution draft/
feasibility

Consulting / advisory

To match
companies

Access to partners

Data
interpretation

Advice on
strategic and
operational
level

Access public
funding

Problem
identification

Platform for
prototyping/
showecases

To enable
knowledge/

Situation
assessment

Adaptation of
prototypes for
Indian
conditions

To organize
trainings

tech transfers

SETTING UP THE WATER INNOVATION HUB:

As the Water Innovation Hubshouldbe addressing local issues, suchaHubwill coveracity and its
surroundings (e.g. in aradius of 50-100 km). As a minimum, two persons skilled in the local language
will be in charge of the Hub:

= Acoordinator, who is fluent in English, communicates over all usual means, is responsible for
the communicationand coordination withall partners.

= Asenior advisor, who ideally has experience with the local administration, is responsible for
the coordinationwith the different bodies of the local administration.

The staff of the Water Innovation Hub will be employed by an Indian organization, butindependent
from the localadministration.

In the initial phase (2-3 years), the funding for these employees as well as for German institutions,
organizing theset-up of the Water Innovation Hub should come from public German sources, e.g. the
“Export Initiative for Green Technologies”. In this phase, a number of selected German companies
initiate astart-up membership of the Hub. After the initial phase, the member companies cover the
costsfortheHubviaayearlyfee. Asfirstmembers, workshop participantsof Smart WaterFuture
India as well as members of the Regional Forum India of the German Water Partnership will beinvited.
At the same time, the Hub is open for Indian companies as well, as long as they pay a membership fee.
Local companies from the watersector will be addressed explicitly.

To be able to test the concept of the Water Innovation Hub under different conditions, two Hubs will
be started in parallel: one in Coimbatore (Tamil Nadu), where the concept has already been
introduced by the Smart Water Future India project, and onein Solapur (Maharashtra), where the
state of Baden-Wiirttemberginitiated a partnership.

IMPLEMENTATION:

First, the Water Innovation Hub serves as an office where information converges. A database onthe
water infrastructure in the city is created, which can be successively expanded. The exchange of
students is organized. A homepage is set up, every two months a newsletter is published and sent to
the members (content: current developmentsinthe watersector ofthe city, new tenders etc.).
Frequent social media posts (e.g. LinkedIn) will bring the Hub digitally to life. At the same time, the
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WaterInnovationHub willbe noticed (pressreportsetc.).



POTENTIALPILOT PROJECT (Eg: Water Quality Data and Monitoring System):

The monitoring of surface waters shall be established as a system solution/product in the context of
the WaterInnovation Hub. An exemplary implementation will take place at one of the lakes in
Coimbatore. Interested companies will be involved via the Water Innovation Hub. This will give the
Water Innovation Hub greater momentum and at the same time increase the chances in successfully
implementing the monitoring system solution in Coimbatore. The aim is to create a data set by means
of monitoring that can be used to demonstrate the added value of this system solution. Accordingly,
a business model is to be developed which enables the participating companies to market this system
solution.

SCALABILITY:

Since the Water Innovation Hub focuses on solving local issues, but refers to similar circumstances in
other Indian cities or even fast growing cities around the globe, the concept and its outcomes will be
easy to multiply once tested.

PRESENT STATUS AND WAY FORWARD:

The implementation of the Water Innovation Hub strategy is currently being prepared. The German
Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety (BMU) has
awarded Fraunhofer IGB and its interdisciplinary consortium with means to pursue the realization of
initial Water Innovation Hubs in Coimbatore and Solapur. ‘AQUA-HUB - SMART Water Quality
Monitoring & Water Innovation Hubs for fostered Indo-German collaboration’ addresses the needs of
the local water sectors identified in previous projects, as well as the challenges of the German water
industry to develop projects, relationships and business on the Indian market. Alocal presence is of
great importance for the relations and the accelerated exchange ofinformation between the German
and Indian actors. Therefore, local Hub Managers will be regularly mediate knowledge transfer via
digital communication toolsand frequent exchanges. In addition tonetwork activities and the
mediation of business partners, the hubs fulfil the function of project centres for the realisation of
technical demonstration projects and increase the exposure with environmental technologies "Made
in Germany". These demonstrations are needs formulated by the local actors and are supported by
the German water industries. The envisaged piloting of German water monitoring technologies thus
offers the opportunity tomeet these needs with manageable investments and risks and to create the
basis for both better data availability on site as a starting point for measures to meet environmental
goals and subsequent technology transfer. In Coimbatore, areferenceforonlinewater quality
monitoring at the local network of lakes will be established. Sustainable rejuvenation ofthelake water
and developmentof the lake areais of high interest tothecity. Increased dataavailability can
complement the identification of measures and support the Smart City approach in Coimbatore. In
Solapurthe WaterInnovation Hubwilllinkwith the Project of ‘Smart WaterQualityMonitoringin
Solapur’ funded by thestate of Baden-Wirttemberg. Flow measuring devises and water quality
monitoring sensors will be implemented at aWater Treatment Plant in Solapur in order to support the
Smart City Strategy in Solapur and facilitate the operation and monitoring of processes at the plant
via adata-driven digital tools.

Ongoing further development of the Water Innovation Hubs is advised by an advisory board.

Additional services of the hubs will be developed in order to create asustainable, financially viable
6



and transferable format. At thesame time, the technological adaptation requirements ofthe German
measurement technology will be determined. Asnetwork and project centres, Water Innovation Hubs
in the cities of Coimbatore and Solapur contribute tosustainable development & the consolidation of
Indo-German cooperation in the watersector while demonstrating the potential of technology
transferusing Smart Water Monitoring as an example.
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INVOLVED INDIAN PARTNERS (PRESENT STATUS):

»= CSIR- National Environmental Engineering Research Institute (NEERI)
= Consortium for DEWATS Dissemination Society (CDD Society)

= Noyyal Life Centre (Siruthuli)

= Let’sBridgelT

VISION OF THE DEVELOPMENT OF INNOVATION HUB NETWORKS ACROSSINDIA
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Abstract

Paper aims: This paper aims at answering the research question “How to successfully build
up and strategically manage a new network of applied R&D in Brazil?”

Originality: The paper is based ona unique experience of a strategic partnership, transferring
the experiences of managing the largest network of applied research in Europe tothe
Brazilian National Innovation System (NIS).

Research method: The research described in this paper follows an action research approach,
using aparticipative process of rapid prototyping, pilot tests and continuous revision and
adaptation.

Main findings: The paper presents a comprehensive and consistent set of management
models, procedures and tools for the planning, implementation and evaluation of applied
R&D institutes.

Implications for theory and practice: The paper’s findings contribute to the empirical
research on methodologies to manage knowledge-based networks and innovation actors
at the interface betweenresearch and industry.
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1. Introduction

With a GDP 0f2.138 billion USD (2018), Brazil isthe ninth largest economy of the world. SENAI
isthe National Service for Industrial Apprenticeship and belongs to the National Confederation
of the Industry (CNI) in Brazil. Its main missionisto provide technical education toqualify the
industrial workforce of Brazilian companies. Despite previous experiences in providing
technological services, such as metrology and technical consulting, the business area ofapplied
research, technological development and innovation (RDI) was amost entirely new to the
organization with approximately 20,000 staff in various operational units distributed over whole
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Brazil.

Fraunhofer Gesellschaft isthe largest organization for applied research in Europe with over
27,000 staff in more than 75 institutes distributed over Germany, and with various international
partnerships and subsidiaries. The Berlin-based Fraunhofer Institute for Production Systems and
Design Technology (IPK) has vast experiences in international consulting regarding the
development of regional and national innovation systems. IPK's division Corporate
Management is specialized in developing and implementing management systems for
companies, public clients and research institutes. Based on these experiences, SENAI assigned
Fraunhofer IPK with supporting the establishment of the new national network of applied
R&D institutes in Brazil.

This is an Open Access article distributed under the terms of the Creative Commons
“% Attribution License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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In 2012, when the project to build up the network of 25 SENAI Innovation Institutes was
started, Brazil was ranking on the 58" position of the Global Innovation Index (Mobilizag&o
Empresarial pela Inovagdo, 2018a) and the economic scenario in the country was
characterized by concluding a decade of strong economic growth, which was partly based on
the increasing exports of raw material and commodities, such as meat, coffee, soy and oil,
among others. The other part of the economic growth was mainly triggered by internal social
programs which increased the buying power of the Brazilian population significantly, and thus,
strengthened the domestic market for consumer goods on a broad basis, taking the
population of approx. 200 million inhabitants and Brazil’s continental size into account.

Already foreseeing at that time, that this economic scenario would not serve for
sustainable economic growth and future increase of national wealth inthe long run, the leading
industrial players and large Brazilian companies articulated the need fora shift towards higher
added value inthe national production chains, including the increase of productivity and added
value through technology and innovation. This led the Entrepreneurial Movement for Innovation
(MEI), consisting of the CEOs of the largest industrial companies in Brazil (Mobilizacéo
Empresarial pela Inovacdo, 2018b), to request a national initiative with the aim to support the
Brazilian industry in tackling this challenge of introducing technology and innovation to the
companies as a means to strengthen the competitiveness of the Brazilian industry in a
globalized economy.

Seven years later, after a severe economic crisis and dramatic political turbulences, and
Brazil ranking on the 64t position of the Global Innovation Index (Mobilizagédo Empresarial
pelalnovacgéo, 2018a), thisneed becomes ever more evident. Recent developments, like the
creation ofa national funding program for industrial research and innovation (EMBRAPII), the
free trade agreement between MERCOSUR and the European Union as well as attempts to
reduce bureaucracy and the protection of the domestic market, have pointed into a
favorable direction. At the same time, the constraints and barriers for industry-financed R&D
remain high in the current Brazilian economic scenario with a history and business culture not
yetacquainted with investments intechnological innovation on alarge scale. Breaking up these
barriers at least partly and demonstrating the economic benefits and return of investment of
industrial R&D, is thus, one of the market challenges this new applied R&D network has to
face.

2. Background and methodology

Innovation is the driving factor for economic development, growth and the wealth of nations
(Schumpeter, 1912) and is widely understood as a complex process (Drucker, 1985) involving
different types of actors from the public and private sector (Mowery & Rosenberg, 1993;
Chesbrough, 2003; Hauschildt et al., 2016), often organized in networks (Koziot-Nadolna &
Swiadek, 2010; Barbieri & Alvares 2016; Taferner, 2017). These actors fromthe different
societal sub-systems together formthe National Innovation System (NIS), a term first
introduced by Freeman (1987) and defined as: “[...] the network of institutions in the public
and private sectors whose activities and interactions initiate, import, modify and diffuse new
technologies.” (Freeman, 1987). Nowadays, these inter-organizational networks are viewed as
amajor driver ofinnovation (Ozman, 2009; Ringwelski, 2017), which has ledto a sharp increase
inresearch and publications oninnovation networks inthe last two decades (Battista Dagnino
etal., 2015).

On the macro-level, successful innovation processes rely on the effective interplay
between different organizations from science, industry and government which is usually
referred to as the “riple helix” concept (Leydesdorff & Etzkowitz 1995). Intermediaries are
key to overcome structural challenges inside these innovation networks and are defined
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as hybrid organizations which operate at the interface betweentwo or more sub-systems of
the triple-helix model (Ranga & Etzkowitz 2013), e.g. technology transfer centers, venture
capital firms, business angel networks or Research and Technology Organizations (RTOS).
RTOs link research and private sector innovation with the task of transferring scientific results
to the private sector (Organisation for Economic Co-operation and Development, 2011).
Examples of RTOs are the Fraunhofer Society in Germany, TNO in the Netherlands, VTT in
Finland, Tecnalia in Spain and SINTEC in Norway (Organisation for Economic Co-operation
and Development, 2011).

The role and functions of RTOs in Innovation Systems has been investigated in
comprehensive research (Organisation for Economic Co-operation and Development, 2002;
Roll-Hansen, 2009; Miller-Prothmann
& Dorr, 2014), including arecent benchmarking study by MIT with afocus on the financial
model of RTOs worldwide, examining the distribution of public funds and private (industrial)
revenue (Reynolds etal., 2019; Zylberberg, 2017), as this mix ofincome isviewed as one of the
specific operational characteristics of RTOs. The European Association of Research and

Technology Organisations (EARTO) defines the function of an RTO as an organization which
predominantly offers R&D, technological and innovation services to enterprises, governments
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and other clients (European Research Advisory Board, 2005). The majority of the investigated
RTOs focuses on applied research and experimental development rather than basic research
(Zylberberg, 2017), as their mission to transfer technology to industry requires application-
oriented research results.

In this context, the 25 SENAI Innovation Institutes, being the research object of the present
article, shall be classified as RTOs as defined above. Taking into account the existing examples
and experiences with national networks of RTOs, SENAI decided to define a transversal
technology and research field as the scope of actuation for each Innovation Institute, to be
distributed over Brazil. The technology and research fields were chosen based onthe current
and future demand for technological solutions to increase the competitiveness of the
Brazilian industry and its main sectors. The geographical distribution of the 25 Innovation
Institutes was based on multiple criteria, such as experiences with certain technologies in
existing operational units of SENAI, the proximity to clusters of potential industrial clients ina
certain federal state or geographical area, among further technical and political criteria to
ensure support and commitment of the main stakeholders. Figure 1 shows the fields of
actuation and the geographical distribution of the 25 SENAI Innovation Institutes:

* Renewable Energies
* Mineral Technologies

* Information and
Communication
Technologies

* Forming and Joining
* Production Automation
* Logistics

« Surface Engineering
* Metallurgy and Special Alloys
* Mineral Processing

« Electrochemistry
» Engineering Structures

« Virtual Production Systems
* Green Chemistry

* Biosynthetics

* Inspection & Integrity

* Laser Processing
* Embedded Systems
» Manufacturing Systems

» Advanced Manufacturing
» Advanced Materials &
Nanocomposites

* Biotechnology

» Polymer Engineering
* Integrated Solutions in
Metal Mechanics

Figure 1. National Network of 25 Operational SENAI Innovation Institutes in Brazil.

Taking this pre-defined scope of the national RTO network as the initial situation, the present
paper focuses onthe practical implications of the ambitious endeavor to implement such a
national network of Innovation Institutes from scratch and to direct it towards successful
operations. Thus, the main research question of this analysis is defined as:

How to successfully build up and strategically manage a new network of applied R&D
institutes with the aim to strengthen the industry’s competitiveness in Brazil?

Themanagement approach to solve this practical challenge had to cover two levelsas a minimum
prerequisite: On the network level overall strategies, objectives and guiding principles had to be

defined and transferred into national standards for quality assurance and successful operations
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of all SENAI Innovation Institutes. On the micro- oractor-level, i.e. the level ofthe single institute,
the main challenge was to develop and deploy adequate management models, methods,
procedures and tools to support a systematic planning, implementation and continuous
evaluation of each Innovation Institute in the light of the strategies and principlesdefined on
the network level.

Effective and efficient network management requires actionable methods. Sydow (2010)

points out that, despite the considerable variety of research on networks, much is still
unknown about practical network
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management. Becker etal. (2011) agree that literature dealing with the phenomenon of networks
under practical considerations is still scarce, underscoring the notion that the transfer of
traditional management practices to the network context is at present inadequate. Despite the
available practical experiences from existing RTO networks and their management systems,
there are no widely accepted standards for comprehensive management systems and
methodologies for RTOs. As many different types of operational models of RTOs exist in
practice (Zylberberg, 2017), astandardization approach might also not be adequate. Therefore,
general approaches and methods of strategic management as well as practical experiences
with the management of international RTO networks were taken as a basis to develop a
practical set of management methods and tools for the planning, implementation and
evaluation of the SENAI Innovation Institutes, adapting the existing methods to the specific
Brazilian requirements and environment.

Furthermore, the management methods and tools to be developed had to fulfill the specific
requirements of an Innovation Institute: First, the nature of anRTO as aknowledge-intensive
business needsto be taken into account, integrating the main assets of applied R&D actors
into a comprehensive management model, i.e. the intangible resources and strategic success
factors of each institute need to be displayed and turned into measurable, and thus,
manageable objects (Will,2012). Second, the two generic approaches of the innovation process
need to be incorporated in an adequate management method for RTOs as an innovation
intermediary between science and industry: the “market-pull” as well as the “technology-push”
approach (Corsten et al., 2006; Muller-Prothmann & Dorr 2014). This corresponds to the third
methodological requirement, reflecting a discussion with along history in strategic manage ment
research: the management system needs tointegrate theresource-based (Barney, 1991)and
the market-based view (Porter, 1996) of the organization.

The deployed methodology to solve the research question stated above is following an
action research approach fromthe point of viewofthe involved project managers of thetwo
main organizations responsible for the developmentof an adequate management system
for the network of Innovation Institutes in Brazil, SENAI and Fraunhofer IPK. Due to its
characteristics, action research was chosen as the most suitable way to achieve acompromise
between a structured research process and applicable results (Tripp, 2005). Because of these
characteristics, action research can construct a suitable framework for the application of the
developed method and its iterative improvement under genuine conditions (Coughlan &
Coghlan, 2002; Mertler, 2017).

Following this basic action research approach, using existing standards in strategic
management as well as practical experienceswith managing existing national RTO networks as a
first basis, prototypical models, methods and tools were developed in an agile manner, then
tested in pilot applications and subsequently adapted and improved to serve the reality of the
SENAI Innovation Institutes in their specific environment. In a participative approach these
models, methods and tools were being reviewed according to the expected and produced
outcomes by the user community in regular project meetings, i.e. by the directors and senior
researchers of the Innovation Institutes on the actor-level as well as by the national
department of SENAI as the central unitresponsible for the coordination of the institutes on the
network level. The results of these regular reviews were being integrated into the next cycle of
development and improvement, and thus, leading to stable versions of management modules
according to the specific needs of the institutes in each lifecycle phase. In synchrony with the
process of growing and maturing the network of institutes, further modules with more
elaborated features were developed and added to the final management system.

3. Shaping a network strategy for 25 applied R&D institutes
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Inthe context described above, anational initiative for innovation was being designed,
gathering major political supporters like the Ministries for Science and Technology (MCTIC)
and forIndustry and Foreign Trade Development (MDIC), including a strong engagement of the
Brazilian Development Bank (BNDES). Triggered by the industry viaMEIl and other industrial
channels, CNItook the lead in this initiative and assignedthe challengingtask to implement
a national network of 25 “Innovation Institutes” to the national department of SENAI,
integrating the Industry Federations in 13 states of Brazil and the respective regional
departments of SENAI in these states as operational leaders for the actual physical and
technological execution ofthis initiative.

In a first phase from 2012 to 2018, the 25 SENAI Innovation Institutes (ISIs) elaborated
adequate business plans to subsequently steer the implementation of each institute interms of
scientific-technological infrastructure and qualified research team as well as to start the
operations by executing first R&D projects for industrial clients. After this initial
implementation and “ramp-up” phase had been concluded successfully with the 25 ISIs being
operational, the focus of the responsible national department of SENAI and of the newly
installed “ISI Network Governance Committee” shifted towards the strategic development and
positioning of this new applied R&D network in the National Innovation System (NIS) of Brazil.
Taking past experiences of the Fraunhofer
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Gesellschaft in Germany and a recently developed typology of Research and Technology
Organizations (RTOs) by MIT (Reynolds et al., 2019; Zylberberg, 2017) into consideration, the
following model for the mid- to long-term developmentand strategic positioning of SENAI's
innovation business was created (see Figure 2):

N |
“tech.- System Relevance!
push”
Credibility! Strategic
Innovation
Added Partnerships
Value for Quality!
NIS /
Network Brofes
Maturity R&D fo.r “OrEator™ e >
Level
Industry UCONVENEL"™ -rreesresssssssssssssssssssssssssssssssssssss s ssssssssssssssssnsssens >
“market “Contractor"* ............................................................................................................................ i
-pull” >t
» Customer Satisfaction * RTO Partnerships « Institutionalization of
Focus & Retention « Sectorial Foresights Industry-Science-Hubs
Topics « Sectorial Actions « Technological « Technological
Capability Excellence

Figure 2. Strategic Positioning of SENAI's Innovation Network in National Innovation System
(NIS).

In contrast to the usual development of public universities and research institutions towards
becoming a professional applied R&D provider, which usually starts from the role “creator”
(based on their public mission to create new knowledge and qualifying people), the SENAI
Innovation Institutes did not start from this publicly funded scientific basis. With almost no
scientific track record and no public basic funding for research, but being integral part of the
industry federation, the strategy adopted by SENAI was to start positioning the ISIs behaving as
‘contractors”, i.e. building up the capabilities and reputation to perform high quality contract
research with a major part of the revenues coming directly from the industry. This strategy
requires a clear demand-oriented market-pull approach with a focus on a professional industry-
compatible culture of working and delivering the respective technological solutions.

Once having reached a certain maturity and reputation in delivering high quality
research results with immediate practical benefit to the industry, a possible and natural next
strategic stage to be conquered by the ISInetworkisthe “convener’role, i.e. striving for and
practicing the behavior of a “hub” or “netweaver” which attracts and integrates various
different players from the research and the industrial world to format and steer larger and more
strategic R&D programs, such as project consortiaor innovation clusters with along-term
and/or disruptive research agenda, including different R&D partners and industry associations,
e.g. focusing on the technological transformation of awhole industrial sector.

Once the position on the national market as a trustful and professional R&D hub is
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reached, amajor next strategic stage focuses on the systemic layer of the national innovation
system, using the strong reputation of the ISI network to influence innovation-related policies
on the national level, i.e. becoming system-relevant forthe NIS and thus, supporting to shape
the national long-term R&D strategies as an important intermediary within the “triple-helix’
approach, aligning the macro research agendawith the industry’s agendaand the federal
government to define synergetic industrial and research policies. Eventually, this strategy
should also lead to sustain a more comprehensive “creator’ role, also including a joint basic
research and “technology push” agenda with partner universities and research centers,
necessary for certain industrial innovation results in the long-term and the respective
formation of new professionals in emerging fields of technology.
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4, Strategic network governance and lifecycle management

In order to operationalize this strategy, a national network governance structure and a
respective lifecycle management forthe 25 SENAI Innovation Institutes had to be defined and
implemented. On a macro-level this process of governing this R&D network was defined as
follows (see Figure 3):

ISI Guiding Principles

Internal Collaboration External Cooperation

Industry Orientation National Actuation

ISI Lifecycle Phases

Stable
Decision e ® Operatlons

Committee by SENAI DN

Excellent Applied Research

o Entering the ISI —— ~

) Network REspUR

. Under Observation
1 "
’ by Govern:z:?ommittee ?
v
[ ]
-4 Transformation / Exit

Figure 3. ISI Lifecycle Management as the Core ISI Network Governance.

The “Guiding Principles” were derived from the normative requirements of the main
stakeholders and served as the starting point for elaborating the strategies and objectives to
be operationalized and supported by the network lifecycle management:

- Industry Orientation: Each ISI shall predominantly work for the benefit of the industry,
providing innovative technological solutions to increase the competitiveness of the
industry in Brazil.

- National Actuation: Different from all other units inside the federative organization of SENAI,
each ISI shall operate on a national level, offering and providing solutions in a nationally
agreed transversal research or technology field.

- Excellent Applied Research: Each ISI shall strive for excellence in applied research and
technological development, delivering innovative solutions with clear benefits to the

industry and society in Brazil, performing on a state-of-the-art level of R&D.

- Internal Collaboration: Conceptualized as a synergetic network from the beginning, each
element of the network (the ISI) shall seek collaboration on a resource, market and
technology level with its counterparts in the network, creating a strong network value
proposition together on the market, respecting the boundaries of its own research and
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technology area as defined in the network’s national R&D portfolio to avoid significant
technological overlaps and resulting competition inside the ISI network.

- External Cooperation: Following the concept of applied research, each ISI shall act as an
intermediary player between basic research and industrial application, and thus, seek
strategic cooperation with external R&D partners (e.g. universities, national and international
R&D institutes), creating win-win-situations based on a complementary profile of actuation.

Further basic requirements of the main stakeholder and mother-organization SENAI
included the following business objectives:
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- Financial self-sustainability: Each ISI shall be able to cover its own operational costs by its
own revenues by the end of the ramp-up phase, butat latest in the 8t year of operation.

- Focusonapplied R&D andinnovation: Due to parallel structures at SENAI dedicated to
basic or off-the-shelf technological services (e.g. metrology and consulting on mature
technologies), the so-called SENAI Technology Institutes (IST), itis important to ensure
that each ISI focuses on its main business purpose “innovation”, i.e. developing new
technological solutions applicable in the Brazilian industry, mainly operating in R&D
projects, rather than selling and applying ready-made technological services.

Taking these guiding principles and stakeholder requirements as the initial point of
departure todesign an adequate management system in order to support effective network
governance, three main phases of the lifecycle of a typical SENAI Innovation Institute were
defined. Each lifecycle phase displays a particular stage of maturity inthe evolution of each
institute. Consideringthat a) most ofthefirst25 institutes were built up from scratch, b) most
of the involved regional departments of SENAI had little to no experience with professional
research and development, and that c) the actuation in the field of technological innovation
representedacompletely new business area for SENAI at the national level, it may well be valid
to use the three main human maturity stages as an analogy for the three corresponding lifecycle
phases: from “child” to “teenager” to “adult’. The following chapters are dedicated to describing
these three lifecycle stages and the respective management system, methodologies and tools
which were developed and used to support effective governance on the network level in each
phase.

After the initial planning and ramp-up phase, the to-be-developed management system
should continuously supportthe effective governance ofthe ISl network as awhole. For this
purpose, a Network Governance Committee was installed, composed by representatives
from SENAI national department, from the involved regional departments and from the
Innovation Institutes as well. In regular meetings this committee continuously monitors and
controls the evolution of maturity of each institute and takes the relevant decisions to maintain
all operational ISIs on ahigh quality level by fulfilling the national minimumrequirements. In
case of significant deviations from these minimum requirements, the respective ISI would be
set on the status “under observation” (yellow light) and the supporting governance structures
would help the ISI to manage the turnaround back to “normal operations” (green light) by the
means of coaching and mentoring activies up to comprehensive “rescue programs”, if
necessary. In the rare case of continuing violation of the network’s minimum quality
requirements the ISI would be put on the “Exit / Transformation” status (red light) and the
Network Governance Committee together with the responsible state’s industry federation
would decide on measures to withdraw the status of afull-scale Innovation Institute, re-define
the scope of theinstitute and/orre-allocate parts of the respective institute to other entities
in the network, assuring that the nationally agreed R&D portfolio continues to be covered
bythe ISI network. Ineach phase, the respective lifecycle management system needs to carefully
define and monitor relevant criteria to measure the fulfillment of minimum requirements in an
objective way in order to support these governance processes systematically.

4.1. Entering the network

Thefirst 25 SENAI Innovation Institutes were led throughthe initial phase by a
structured process of Strategic Business Planning. Based on the methodology “Integrated
Strategy Development” (Will, 2012; 2020), aworkshop-based approach was chosen in order to

stimulate the participation of the regional responsible units and the core team of the respective
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institute from the beginning ofthe planning and implementation process. Following the overall
strategy of the ISI network (see Figure 2), the standardized process for Strategic Business
Planning shown in Figure 4 is clearly focusing on ademand-oriented market-pull approach
fromthe start. The chosen method, originally designed to structure strategy processes insmall
and medium-sized companies, supports this business-focused view of the institute with the aim
to concentrate the initial planning activites on a “contractor” behavior, i.e. prioritizing the
successful actuation as aprofessional R&D provider for the industry.

After an initial phase of preparation and market analysis, a sequence of workshops
moderated by external expertswas executed to develop astrategic business plan step-by-
step. As a firstcrucial step to define its market-driven strategy, the institute’s strategy planning
team elaborated and evaluated the main market segments to be targeted. Using the data from the
prior quantitative and qualitative market analysis, the industrial sectors with relevantdemand
were identified and defined by describing their demand for R&D solutions and listing
existing and potential customers in the respective sector.

Using an adaptation of the original BCG-Matrix (Henderson, 1970; Will & Wuscher,
2014), these main market segments were then assessed by the strategy planning team on a
10-point-scale intwo dimensions:
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Figure 4. ISI Strategic Business Planning Procedure.

“‘Market Attractiveness” (demand for R&D solutions inthe ISI's research and technology field)
and “Probability of Market Entry” (based on existing relations to the sector and general entry
barriers of the sector). The resulting Market Attractiveness Portfolio (see Figure 5) serves as a
decision basis for a first prioritization of markets to be targeted pro-actively by the institute.
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Figure 5. Exemplary Market Attractiveness Portfolio.

As a second step, the R&D offerings of the institute were structured into Main Service
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Areas, bundling potential R&D activities in market-oriented packages. Bearing the qualified
demand of the prioritized market segments fromthe first stepin mind, the institute’s strategy
planning team discussed howto structureits service offer for those industrial clients in order
to be attractive to them. In a similar methodological approach
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as in the first step, the Main Service Areas were then assessed by the strategy planning team in
two dimensions: “Product / Service Competitiveness” (market demand for own services in
relation to potential competitors) and “Product / Service Readiness” (adequacy of institute’s
competence base and infrastructure for delivering services in respective service area). The
resulting Product Attractiveness Portfolio was then used to prioritize those Main Service Areas
with high readiness and competitiveness foractual R&D projects to be acquired and executed as
first operational activities in the ramp-up phase (see Figure 6).
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Figure 6. Exemplary Product Attractiveness Portfolio.

While this initial business planning phase for the first 25 SENAI Innovation Institutes used a
guided process and a rather prescriptive approach in order to stimulate the necessary mind -
setting for this market-oriented applied research model, future institutes will be granted the label
‘ISI” based on technical criteria and a strategic decision by the network’s Governance
Committee in order ensure the minimum requirements described above as entry criteria for the
network. These requirements include the demonstration of clear and evident industry demand
for a certain technology field and a pre-defined service portfolio that complements the national
R&D portfolio of the network inastrategic manner. Arespective business plan has to be verified
by a technical team and be approved by the ISI Network Governance Committee.

4.2. Ramp-up phase

After the successful termination of the initial planning phase, resulting in abusiness plan
agreed by the internal and external stakeholders and investors, each SENAI Innovation
Institute was approved to start the implementation process and thefirst operational activities
in parallel. By definition, the “ramp-up” phase is characterized bythese two parallel processes
and the careful and strategic alignment between these two highly interdependent activities,
which was the firstpractical challenge ofthe responsible ISI managers. Consequently, a maturity
model was defined that puts the focus on exactly this challenge, closely monitoring the
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evolution of the implementation of the planned infrastructure, service areas and research team
as laid out in the business plan on the one hand, and the success in acquiring and executing
first research projects on the market, on the other hand. To master this complextask, itwas
crucialto e.g. align theacquisition of certain equipment and competencies in accordance with
the research area which showed the highest readiness (and competitiveness) in the initial
business planning, transferring this plan into concrete activities to acquire first projects in
this prioritized business area. This isnot only important to achieve a first market-entry as fast as
possible, generating valuable experience and reputation onthe market without waiting for all
service areasto be fully setup, butalso to use these first experiences and feedback from the
market to revise certain parts of the business plan,
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continuously adapting the strategic development of each institute to the reality on the market. In
this way, itwas possible to optimize the purchase of costly machinery and equipment as well as
the attraction and contracting of adequate research staff according to the real needs of the
market.

To track and support this maturity evolution of each institute, a basic maturity model
was defined, summarizing the objectives of maturity evolution from planning to implementation,
stabilization and excellence phase (see Figure 7). Based on this basic concept, a more specific
maturity model was derived to determine the specific stage gates (milestones) of maturity
evolution for the particular case of the SENAI Innovation Institutes. Each stage gate is
characterized and operationalized by a set of criteria and performance targets which need to
be achieved in order to advance in the respective maturity levels of the model. In this
manner, a “guided” evolutionary process could be supported inasystematized way which was
particularly important forthe ramp-up phase, in which most of the ISIs were starting their
operational activities fromscratch, i.e. without previous experience in applied R&D for the
industry. In this phase, a certain “prescriptive” approach was needed to speed up the
implementation process and the respective learning curve by providing managerial support
according to the specific needs of each maturity level (see Figure 8). The “Maturity Check”
operationalized these minimum requirements by alist of criteria foreach maturity milestone, and
respective evidences being stored in an online repository to allow the remote analysis of the
maturity criteria (Kohl et al., 2016).

Incentivize the ISIs to increase performance,
pursue operational excellence and
strengthen the rest of the Network

- Enable the individual ISls to
grow as a part of a strong network

&
é& Implement business plan effective and timely
L and start operations implementation and start of
& operations
Support the strategy and
Q\{§ Plan the strategy and business planning to

implementation facilitate the exploitation of
opportunities

Figure 7. Maturity Concept Model for Applied R&D Institutes.
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Figure 8. Maturity Stage-Gates Along the ISI Lifecycle.
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Tosupport the systematic evolution along the maturity stage gates of the ISl lifecycle, several
management tools, techniques and procedures were used and implemented to analyze the
internal resource base, to structure the internal core processes and to derive strategic action
plans to close the gaps between the defined future status,laid outinthe strategic business
plans (regularly being updated), and the actual status of maturity of each institute. Among
these tools and techniques, the well-proven assessment of intellectual capital regarding the
three dimensions quantity, quality and systematic management (QQS Assessment) was used in
a structured workshop procedure with a representative team of the respective institute,
moderated by experienced external experts (European Commission, 2008; Alwert et al., 2008).
Theresulting QQS Portfolio, summarizing the assessed actual status of nine success factors for
applied research institutes (Kuhlmann & Holland, 1995) against the targetstatus, was then
used as a discussion basis to derive the most urgent and important actions to close the
strategic gaps in the resource base to advance the implementation of each institute
systematically and as efficiently as possible (see Figure 9). Special attention and priority for
action was put on those success factors in human capital (HC), structural capital (SC) and
relational capital (RC) which showed a relatively low actual statusinthe quantityand/or quality
dimension (X- and Y-axis of the portfolio) as well as a relatively low value in systematic
management (size ofthe bubble inthe portfolio), as those factors show the highest improve me nt
potential according to the strategic objectives of each individual institute.

QQS-Portfolio (Diameter=Systematic)

HC SC RC * unvalued dimensions displayed as 0%
100 %

SC-3: Scientific- Technlcal Equ[pment

80 %
RC-2: Relationship to Science / R&D

70 % SC-2: Organization and Management =
bl

60 %

Quantity

50 %
SC-1: Technology and Knowledge Management

HC-3: Communication @e
30 % 2 i i e

RC-3: Relationship to External Sources’ HC:A: Stratedic Orientation

20 % %-1: Relationship to Industry
HC-2: Professional Competence
10 %
0% 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 %
Quality

Figure 9. Self Assessment of Institute’s Intellectual Capital (QQS Assessment).

Based on the documentation of the structured discussions in the assessment workshop, the
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main challenges and gaps in those prioritized success factors could be easily retrieved and
analyzed in detail to derive the right strategic actions accordingly. This task was performed by
the same representative team of each institute in a next workshop session, moderated by
external experts. After an initial brainstorming onpotential actions to close those prioritized gaps,
the collected suggestions were assessed again according to the dimensions Importance,
Urgency and Simplicity on a simple 3-point scale, resulting in aranking to prioritize those
actions with the highest impact and relatively low complexity and effort in order to ensure
quickwins in this initial ramp-up phase. The resulting action plan was finally transferred to the
Implementation Roadmap, displaying the most important actions on a timeline for one year
(see Figure 10).
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Figure 10. Strategic Action Plan for Systematic Development of Institute’s Resource
Base (Example).

Procedures for fine planning and monitoring of strategic actions (Alwert & Will, 2014) were
introduced to manage the implementation of the strategic actions systematically, generating
transparency on the progress of the institute’s developmentand, thus, abasis for regular
follow-up assessments by the institute itself and by the responsible regional department in
partnership with the national department of SENAI, responsible for coordinating the whole
implementation process on the network level.

Based on these initial steps of implementation support, acomprehensive evaluation system
was developed, taking into account the maturity levels mentioned above, combining basic
organizational requirements, such as a minimum team of researchers and a respective lab
infrastructure, with performance targets according to a first set of Key Performance Indicators
(KPI), measuring the institute’s initial operations, such as first projects contracted and
respective revenues.

While this approach and logic of continuous evaluation of the institute’s performance and
maturity evolution was introduced and established in the ramp-up phase of the ISI network, the
full evaluation system was then developed to serve the needs of the next phase of the ISI
lifecycle, i.e. the Stable Operations Phase, using a standardized KPI system to operationalize
the overall strategic principles and objectives of the ISI network, as introduced above.

4.3. Stable operations phase

After successfully concluding the Ramp-up Phase, which by definition is characterized
by the parallel challenges of implementation and initial operation, each SENAI Innovation
Institute had to fulfill a set of minimum requirements to formally enter into the Stable
Operations Phase. As a “full-grown” institute, the ISIs had to prove that all research and
service areas outlined inthe business plan had been installed and were operational, aswell as
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to show acertain minimum size of operations by the total revenue and acertain rate of cost
coverage by own revenue, among other criteria.

Entering this final stage of maturity evolution, the SENAI Innovation Instituteswere now
directed to put their focus on a continuous strategic management cycle in order to
continuously improve their performance and systematic growth of each institute. For this
purpose, and based onthemodel of Integrated Strategy Development(Will,2012;2020)which
was already used during the initial business planning phase, a standardized framework for a
strategic business model was created which each institute had to fill with individual content

to systematize its own business strategy. This framework and standard model then also served
as a basis for
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a comprehensive and integrated evaluation system in the next step of the elaboration of the
governance and management systemfor the whole ISI network.

While the level of the Business Areas, i.e. the R&D products and services and focus market
segments of each institute, already addressed inthe initial business planning phase, focuses the
business question “what are we selling to whom?”, the Value Creation Model, as the second
part of the strategic business model, aims at answering the question “How are we going to
produce the value for the customer and how do we achieve our desired business results?”.
Based on the framework of the Integrated Strategy Development, and in line with standard
management models like Total Quality Management (Zink, 2004; European Foundation for
Quality Management, 2010) or the Balanced Scorecard (Kaplan & Norton, 1996) and the
respective Strategy Maps (Kaplan & Norton, 2004), the Value Creation Model follows the
logic of (1) Resources being utilized in (2) Business Processes, to create (3) Customer Value
and (4) Business Success. Taking into account the importance of intangible resources in the case
of the knowledge-intensive Innovation Institutes, special focus was given to the Intellectual
Capital and the respective success factors for applied research institutions in the “Resources”
dimension.

The Value Creation Model itself was developed together with the first SENAI Innovation
Institutes in a moderated workshop procedure, discussing the main elements of successful
operations. Starting from the right side of the model, i.e. from the business results to be
achieved, the leading questions were:

Business Success

- Which overall results dowe have to achieve inthe mid- and long-term perspective in order to
fulfillour mission/vision?

- Which impact do we want to achieve externally?

- How do we measure our overall success of operations?

- Customer Value

- What do our customers value regarding our services?

- What are/will be our main competitive advantages? How do/will we differentiate
ourselves fromcompetitors?

- Which position on the market do we want to achieve?

Business Processes (Value Adding Core Processes)

Which core processes do we need in order to achieve the defined Business Success?

How do we acquire projects and generate revenue?

How do we produce the planned products & services?

How do we generate the defined value for our customers?

What are the operational objectives of our Business Processes?

How do we measure that the objectives are achieved?

Resources / Intellectual Capital
- Whichresources dowe needin order to drive our business processes effectively?

- Which success factors are crucial to achieve our strategic objectives and to produce the
desired customer value and business success?
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- Which knowledge, competencies, structures and relations do we need to be
successful?

- Which are our (intangible) assets that differentiate ourselves from the competition?

The overall strategy for the ISI network, its guiding principles and strategic objectives served
as a high level starting point for discussing the questions above and thus, defining the main
elements of the Value Creation Modeland the individual objectives of each elementforevery
Innovation Institute. The outcomes of these discussions with the individual Innovation
Institutes were harmonized and aggregated into the following standard structure of the genera
Value Creation Model of the ISI Network (see Figure 11):

This standardized Value Creation Model now served as the basis for the planning of the
strategic actions to implement and continuously develop each institute according to the overall
objectives of the network. In parallel, it served as the standard structure for the continuous
assessment and evaluation ofits operations, and thus, as
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Figure 11. ISl Value Creation Model as a Basis for Strategic Management and
Evaluation.

the basis forthe development ofacomprehensive management evaluation system. Following the
maturity model described inthe previous chapter, the full evaluation system was now enhanced
by a performance monitoring system, using aset of standardized indicators according to the
structure of the Value Creation Model.

SENAI's national department then assigned Fraunhofer IPK with executing so-called
Management Audits to continuously assess the performance of each institute on-site and to
derive a strategic action-map according to the individual gaps and improvement potential to
be covered. This one-day workshop was designed as a combination of an audit procedure,
checking the adherence of certain minimum requirements according to the maturity model, and
a management coaching approach in which the ISI Director discussed the actual performance of
his/her institute with ateam of selected ISI staff and representatives of SENAI’s regiona
and national department, moderated and coached by external management experts of
Fraunhofer IPK. The Management Audit, occurring on-site every two years as the default
procedure, aimed at creating amanagement agreement between the institute, the regional and
the national department. This management agreement is registered in a Management Audit
Report which summarizes the findings of the actual status and performance of the institute as
well as respective actions, investments and support needed to overcome weaknesses and to
continue the developmenttowards a fullgrown and stable R&D provider for the Brazilian
industry.

Besides the full audit report with all details of the analysis and derived measures and actions,
an executive summary of the audit’s findings was produced for each institute, summarizing
the main corner stones of the individual strategy in three slides, using the same standard
structure of the ISI Value Creation Model to facilitate reading and interpretation of SENAI's
management staff in a standardized manner and to ensure a consistent logic of the findings.
This logic follows the basic approach of strategic management to 1) (re-)define long-term
strategic objectives, i.e. the target status of the business model and its operational
performance, 2) analyze and assess the current performance based on a set of appropriate
standard indicators, i.e.investigate the actual status, and 3) derive strategic actions to close the
gap between the actual status and the desired target status (see Figure 12).

As for the long-term strategic objectives, each of the pre-defined elements of the Value
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Creation Model had to be described qualitatively regarding the individual target status by each
Innovation Institute. A generic version of this Strategic Objectives Map, valid for the whole
ISI network, is shownin Figure 13.

Based on thisinitial definition ofthe desired future status, the nextchallenge was tofind an
adequate set of indicators to measure relevant attributes of the elements of the Value
Creation Modelin order toexecute the quantitative performance analysis. In a first bottom-up
approach, the Innovation Institutes were asked to gather possible KPIs for the main strategic
aspects of their business model. This approach follows the principle that the success factors in
the four pillars of the Value Creation Model may be operationalized and measured by individual
indicators, i.e. defining customized KPIs for each specific strategy and case. Still, the model’s
standard structure would provide a standardized general framework to allocate and interpret
these individual indicators. But of course, the quantitative data and values would not
necessarily be comparable among the different institutes. Therefore, to achieve the
requirement of aunified governance of all institutesinside the
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Figure 13. Strategy Map with Long-Term Strategic Objectives.
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national network, a set of standard KPIs was needed, leaving room and the possibility to
add any specific indicators on the institute level later. The logical hierarchy used to
operationalize the qualitative description of the Value Creation Model and its elements by
quantitative indicators is shown in Figure 14. This hierarchy follows the assumption that

indicators may, inthe best case, measure relevant aspects of acertain strategy, i.e. acertain part
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of a business mode, on an objective basis, but that a few indicators can never represent the

whole picture and the full complexity of abusiness oran innovation institute. Therefore, a higher
level interpretation
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Figure 14. Logical Hierarchy of Levels of Performance Analysis.

context is needed to focus the performance analysis on really relevant aspects and objectives,
to be found in the pre-defined success factors and their interplay in the Value Creation Model,
as part of the overall Business Model of the SENAI Innovation Institutes.

Inorder to elaborate this standard set of indicators for the ISI network, acareful selection
of indicators had to be conducted, solving the conflicts between validity and the practical
measurement process and effort. When trying to measure, for example, the actual
contribution to the Customer Value factor “Optimized Productivity”, several institutes
suggested measuring the actual costsavings atthe client companies achieved by implementing
a certain technological solution, developed by the respective SENAI Innovation Institute, e.g. in
the company’s production process. No doubt, this would be the “best’ quantitative and objective
measure to really know if and how much the Innovation Institutes were helping to improve the
industry’s competitiveness
- one ofthehighest strategic goals ofthe network. Butin practice, this kind ofdatais very hard
orimpossible to acquire onareliable basis, as itwouldrely onthe customer’s own datawhich
could either be inaccurate or subject to confidentiality, i.e. sensitive internal data that some
companies would never disclose. Moreover, it is scientifically difficult to attribute certain
causes to a specific effect in anon-controlled environment, i.e. in “real-life” practice where
many external and internal factors influence the performance and the productivity of a specific
production process (high complexity). In other words: even if a company shows a certain
measurable increase inproductivity (e.g. same output with reduced costs), itisnot automatically
proven that this was (only) caused by the introduction of a new technology. Many other causes
could also have an effecton these reduced production costs, as for example lower raw material
or energy prices, variations in the orders being produced by the respective production process,
deviation in the down-time of machines etc. Adding the issue of time lags which many
innovations show in terms of producing economic effects, it becomes a very challenging
endeavor to try to measure this kind of accurate monetary contribution to a company’s
productivity. Even if these challenges of data gathering and data interpretation could be
overcome by a highly systematic and scientific measurement and analysis process, the
necessary effort for this (secondary) measurement would, in many cases, exceed the added
value of the respective R&D project, i.e. the actual technological work of the institutes for their
clients.

That is the main reason why the set of standard indicators, serving the need of all SENAI

Innovation Institutes, had to be somewhat pragmatic inthe selection of feasible KPIs, striving for
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an optimum between validity and the effort for (re-)producing the data analysis. The chosen
indicators are the result of a systematic investigation of standards and best practices inthe field
combined with a systematic discussion inside the national department of SENAI, taking into
account the specific requirements and context of the ISI network as well as the individual
suggestions from the institutes themselves. Special attention was given to the following criteria
when choosing the Key Performance Indicators (KPI) for the SENAI Innovation Institutes:

- Relevance for strategic objectives and operational model of SENAI Innovation
Institutes

- Low effortfordata gathering (KPI already exists or data is available)

- Semantic link to the Value Creation Model as the interpretation context of the KPI
values

- Compatible with other KPIs to perform multi-indicator analysis for comprehensive
performance assessment
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Taking all of these considerations and pre-work into account, the Value Creation Model was
then used to design aone-page “KPI Dashboard”, allocating the most strategic indicators to the
respective factors ofthe model (see Figure 15), with the aim to have a full standardized overview
and assessment of the actual performance of each ISlat hand, to be used as a management
and communication toolinside the SENAI organization.
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Figure 15. KPI Dashboard with National Standard Indicators for Strategic Performance
Assessment (Example).

These KPI Dashboards then served to analyze the performance of each institute regularly,
i.e. every three monthsthe respective datawas reported to SENAI’s national department by
the Innovation Institutes, and a mixed team of analysts of SENAI and Fraunhofer IPK
assessed these data remotely at the headquarters. Onafirstanalysis level only four basic
indicators, highlighted in blue on the right side of the KPI Dashboard (see Figure 15), were
being assessed to generate a first overview of the financial and managerial “health” of the
respective institute. These four basic indicators, basically measuring the achieved business
results of each institute (Business Model dimension “Business Success”), allow a first high-
level assessment based on the following interpretation context (see Table 1):

Table 1. Four basic KPIs for first-level performance analysis.

Business Model Factor
(Business Success)

Basic KPI Interpretation of KPI

Covered by Revenue ()
Image & Reputation Total Revenue
(R$)

Financial Sustainability Costs ™
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health of the institutes, the share of the
operational costs covered by revenue shows the
degree of the respective ISI's financial
sustainability. An average of 100/ has been set
as the national target to ensure the financial
autonomy of each Innovation Institute.

As ISlIs are allowed to also offer basic
technological services (metrology,

consultancy etc.), the share of revenue made

by research, development and

innovation projects measures to which degree the
ISI is behaving as a “real” innovation institute, and
thus, contributingto the national advancementin
applied R&D. For full-grown institutes aminimum
share of 70C1 has been defined as anational
requirement.

The share of revenue, coming directly from
industrial clients, indicates the

relevance of the ISI's service offerings for the
industry, and thus, the perceived value of ISI's
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Depending on the result of this First-Level Performance Analysis, the additional KPIs of
the dashboard are used to detect possible causes for a certain performance gap in the
business results. If, for exampfe, the KPI“Share of Industry Revenue ()" does not showthe
desired level of business success (the target value being derived from the strategic
objectives of the network and the individual institute), the reason for this under-performance
could be a) unattractive R&D offerings and/or unclear business benefits (Customer Value), or b)
missing systematic procedures in “Marketing & Sales” for pro-active acquisition of new
industry clients (Business Processes), or c¢) a lack of communication competence and
experience in working with industrial companies (Human Capital), or d) a mix of these and
other possible reasons. The indicators allocated in the respective pillars of the Value Creation
Model may give first hints on the real cause of a certain performance gap, but a qualitative
investigation always remains necessary to validate and further analyze a certain manage me nt
challenge. However, inthe shown approach, this investigation can be executed as efficient
and focused as possible by starting the performance analysis always from the top level of the
business results and, only in case of detected performance gaps, going to deeper levels of
the Value Creation Model in a directed way, i.e. in search of evidence and causes for
challenges on the top level.

Therefore, and additionally to the quantitative KPI performance analysis based on regular

reports of the institutes’ current KPI values and targets, SENAI's national department requested a
yearly update of their qualitative strategic planning regarding the Business Model levels “Markets”
and “Products & Services” (see chapter 4.1),
i.e. adjustments concerning the focused market segments and the main service areas of the
Innovation Institute based on learnings from the market, changes inthe business environment
and/or internal changes affecting the institute’s strategy. Besides that, formal evidence for the
minimum  requirements set up by the Maturity Check (seechapter4.2)was requested asa
preparation for the Management Audit. With this input at hand before the actual audit, the
moderated discussions during the Management Audit then focused on the verification of the
current status and actual performance of the respective Innovation Institute in the light of the
previously revised strategic objectives. As a result, the right strategic actions to close
individual performance gaps and tackle prioritized management challenges of the institute
could be derived and defined.

In the Strategic Action Map those actions are allocated inside the Value Creation Model and
interdependencies of the driving factors and desired results (targets) are displayed by directed
connections between the Business Model factors indicating specific cause-and-effect chains of
the institute’s individual strategy (see Figure 16). Following the basic logic of the Value
Creation Model and of the performance analysis described above, the actionsare allocated
onthe leftsideand aim at closinggapsin Resources/ Intellectual Capital orimproving certain
performance aspects of Business Processes, to produce certain results and improvements on
the right side of the model, i.e. the desired Business Success, including defined revenue
targets and target values of other basic KPIs.
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With the Management Audit atits core, the final Evaluation System forthe “Stable Operations
Phase” ofthe SENAI Innovation Institutes reflects alean and pragmatic approach comprising
all important information and content to generate a comprehensive and in-depth view of the
current situation, i.e. the institutes “managerial health” and the necessary strategic steps for
continuous growth. In a one-day workshop procedure, it is possible to generate a full and
comprehensive overview of the institute’s actual status, its challenges and to create the right
action plan for the strategic route each Innovation Institute strivesto pursue in asystematic
way. This on-site audit iscomplemented by the Maturity Check to guide through the stage-gates
of the Ramp-up Phase, ensuring certain minimumrequirements of the national network of
Innovation Institutes, and by the regular reporting of the standard KPIs to continuously
monitor the performance of all institutes. With these elements established and working, this
Management Evaluation System now allows a constant tracking of the evolution of each
institute and of the network as a whole, providing objective data and analysis results on
performance and management challenges to react quickly and well-directed when significant
deviations fromthe settargets in one of the Business Model dimensions are being detected.

This Management Evaluation System, enhanced by an evaluation of the technologica
maturity of the Innovation Institutes (not subject of this article), serves as the main building
block for the network governance and the respective management system of SENAI to be used
for the further strategic development of this newly established national network of applied
R&D institutes in Brazil.

5. Results and lessons learned

After the first 5 years of ramping-up the operations, the 25 SENAI Innovation Institutes are
counting on the workforce of more than 650 researchers and specialists (approx. 300 of them
having a master ordoctor degree), supported by alarge technical and administrative team at the
institutes, as well as at the regional departments and the national department, having already
acquired and executed R&D projects for the industry with a total economic value of more than
R$ 750 million (approx. 200 million USD). With these impressive growth indicators and a well-
targeted strategic development of the ISI network, SENAI is in the process of achieving its
overall objectives, helping to transform the industry in Brazil towards a higher level of
competitiveness and productivity through innovation and the implementation of new
technologies.

After guiding the institutes through the initial planning and ramp-up phase, the main
element of the governance and management system forthe full-grown national network of the
25 SENAI Innovation Institutes in the “Stable Operations Phase” is the integrated Evaluation
System, including the Management Audits described above. The on-site Management Audit is
being performed every two years in the regular approach and/or in the case of significant
deviations or managerial challenges identified by the regular remote performance analysis
(quarterly, yearly). Following the methodological requirement of implementing a lean and
pragmatic evaluation system, this audit procedure is possible to be executed in one full day, for
more mature institutes and after an initial learning curve it may be reduced to a half-day
workshop program. In a last evolutionary step, the main results of this manage ment
evaluation are now condensed into one A3-page canvas-like overview which forms the basis of
the “management pact’ between the Innovation Institute, the respective regional department’s
directorate and SENAI's national department.

One important learning is that the personal discussions between the institute’s management
staff and the regional and national department of SENAI at the on-site Management Audit,
moderated by neutral management experts and coaches, are crucial for a valid and agreed
assessment of performance gaps, for an in-depth investigation of the real causes for these
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challenges and for the derivation of adequate and feasible actions to tackle these individual
gaps and challenges. It is worthwhile noting that the standardized management framework,
model and tools including the standardized KPI system work well to streamline the evaluation
process, generating verifiable and agreed results regarding the strategic development of each
institute, but these data and numbers will never automatically allow a full understanding of the
particularities at the institute’s site itself, and can never substitute a deep discussion process
between the responsible management staff and experienced experts to elaborate the right
measures and actions together, creating acommon understanding of all involved parties forthe
reasons and importance of certain actions, which may require investments from the mother
organization. Thus, one important purpose of the described models, tools and procedures is to
structure and systematize this internal discussion process and to serve as communication
instruments inside the organization to guarantee this common understanding.

Besides many external obstacles in the dynamic Brazilian market and political system,
one important challenge was and is the adaptation of the mother organization towards the
innovation business. Taking into accountits 70-year history as alarge national organization
fortechnical education, itis somewhat natural
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that an organization of that size with almost no prior experience in the field of R&D and
innovation has to overcome certain barriers of behavioral change inside the various
departments and functions that all need to support this highly dynamic and challenging business
ofapplied research forthe industry, including HR, finance, legal, purchase,communicationand
many other supporting departments which still need to be reoriented and empowered to
include the requirements of the ISI network in their daily work. This challenge will need a
continuous effortin the next phase of the lifecycle of this newly created national network
of Innovation Institutes for the Brazilian industry.

While this article has clearly focused on the managerial aspects of planning, implementing
and evaluating a national network of applied research institutes in an emerging innovation
system, the technological part of this endeavor can, of course, not be neglected. Therefore, the
fully integrated Evaluation System also includes a procedure for continuously tracking the
technological maturity of each institute and a respective Technology Audit (Hecklau et al.,
2019). As an outlook, it may be stated that SENAI and Fraunhofer IPK are planning to
enhance this Evaluation System even further in the future, integrating measurements and
analysis of impact in the National Innovation System, i.e. for investigating advancements in
research and technology as well as in industrial performance on a regional and national
level in Brazil.
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