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MESSAGE

I am pleased to extend my warmest congratulations to the Department of Science and Technology (DST) and the
United Nations IndustridDevelopment Organization (UNIDO) on the successful completion of the National Manufacturing
Innovation Survey (NMIS) 20214 @ ¢ KS NB&adz Ga 2F GKS adzZNIBS@ LINPGARS aAIYyATAC
manufacturing sector. The Governmesftindia has been steadfast in its commitment in promoting the competitiveness of
Indian manufacturing and increasing its contribution to the GDP. In the past decade, key policies and programmes have been
implemented to stimulate innovation, entreprenetnip and the adoption of new technologies. Additionally, lasgale
incentive schemes have been introduced to foster growth and innovation in the manufacturing sector, positioning India as a
global manufacturing hub.

The findings of the NMIS 202P can ad significant value to the Make in India programme objective, and, the
more recent Production Linked Incentive (PLI) scheme. These initiatives aim to enhance manufacturing in various sectors,
including electronics, pharmaceuticals, and automobiles, anhat f NS Ré RSY2y a0 N} GSR LI2aAiArAgs
recommendations will undoubtedly strengthen our efforts to address the challenges and opportunities in manufacturing
that require immediate attention.

| would once again like to applaud DST and UNID@hé&r fruitful collaboration in bringing out NMIS reports
and offering recommendations for continued growth and success of the Indian manufacturing sector.
Jé

(Dr. Jitendra Singh
MBBS (Stanley, Chennai)
MD Medicine, Fellowship (AIIMS, NDL)
MNAMS Diabtes & Endocrinology

Anusandhan Bhawan, 2, Rafi Marg South Block, New Dellg 11001!
New Delhi 110001 Tel. : 01123010191 FaxQ22-2301793:
Tel. : 01123316766, 23714230, North Block, New Dellgj 110001
Fax. : 01423316745 Tel. : 01123092475 Fax : 031309271t
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FOREWORD

| am pleased to present the National Manufacturing Innovation Survey (NMIS)220&bort on behalf of the Department

of Science and Technology (DST), Government of India. The significance of this study ligs2ndt& Ny Y Sy G Q& LINA 2 NA
of the manufacturing sector as a critical driver of economic growth and job creation in India, and the launch of several
initiatives to catalyse innovation across the industry.

NMIS 202122, a follow up of first Indian innovatiosurvey in 2011, is a focused effort to evaluate the state of innovation in
LYRAIFQa YIFydzZlOldNRYy3I aSO02NW» Ly O2fttlFo02NIGA2y 6AGK GKS !y
survey provides a comprehensive understanding of the ldianufacturing innovation landscape.

The NMIS 20222 findings offer valuable insights into the enabling characteristics and barriers to innovation faced by firms,
and closely evaluated the performance of states and sectors in terms of producing nevcigradd services. The detailed
analysis of the survey results provides valuable insights into the innovation ecosystem in India. | anticipate this beport to
of great interest to policymakers, researchers, and practitioners in the field of innovatioecambmic development.

Furthermore, the findings and recommendations of NMIS offer strong insights for strengthening the scope of the 5th
National Science, Technology and Innovation Policy (STIP) (draft), to enable a holistic ecosystem for scienogytemtuhol
innovation that includes academia, industry, government, and civil society, with a stronger vision for manufacturing
innovation to bolster the Make in India agenda.

| am confident that these reports will serve as an essential resource for adl ihiesested in the state of innovation in India,
providing valuable information that can contribute to the development of policies and initiatives that can foster a more
innovative and dynamic manufacturing sector in the country.

£
____,’,‘."/
(S. Chandrasekhar)

Technology Bhavan, New Mehrauli Road, New Delh10016
Tel: 0091 11 26511439 / 26510068 | Fax: 00 91 11 2686384haik dstsec@nic.in | website: www.dst.gov.in
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It is with great pleasure that | introduce the National Manufacturing Innovation Survey (NMIS)
2021-2022 report. Jointly conducted by the Department of Science and Technology (DST) of
the Ministry of Science and Technology of India and the United Natindastrial
Development Organization (UNIDO), this report aims at comprehensively assessing the state
of manufacturing innovation in India towards the achievement of the 2030 Agenda for
Sustainable Development, especially Goal 9, and beyond.

As the only speialized agency of the United Nations mandated to promoting inclusive and
sustainable industrial development, UNIDO recognizes the critical role that innovation plays
in driving economic growth and job creation in the manufacturing sector. We are proud to
partner with the DST in this endeavour to assess the state of innovation in India's manufacturing sector.

The NMIS 2022022 is a comprehensive study that provides a detailed understanding of the innovation landscape in India's
manufacturing sector througla firmlevel and systems analysis of innovation. The feael component of the survey
examines the performance of firms across states, sectors, and firm sizes in terms of innovation processes, outputs, and
barriers, and evaluates the innovation ecosystthat affects the innovation outcomes. The sectorial systems of innovation
component provide insights into the collaborative processes between innovation stakeholders in specific industrial sectors,
such as automotive, pharmaceutical, textiles, food amddrages, and information and communication technologies (ICT).

The findings of the NMIS 202D22 serve as a valuable resource to policymakers, researchers, and practitioners in the field
of manufacturing, innovation, and economic development. The repighlights the enabling factors and barriers to
innovation in the manufacturing sector and provides valuable insights for strengthening the ecosystem for science,
technology, and innovation in India. The recommendations contained in this report will rgtcomtribute to the
development of national policies and initiatives but can also guide other countries in the region on ways to foster a more
innovative and dynamic manufacturing sector.

I would like to express my sincere appreciation to the DST thadtechnical advisory committee for their valuable
contributions to the NMIS 2022022. | also extend my gratitude to all the survey respondents who provided their insights
and valuable information for this study serving as a public good. UNIDO is eagetinuing the longstanding collaboration

with the Government of India in promoting inclusive and sustainable industrial development.

jj7k

Ciyong Zou
Deputy to the Director General and Managing Director,

Directorate of Technical Cooperation and Susthiedandustrial Development,
United Nations Industrial Development Organization (UNIDO)




Bh y & UD AH
Dr. Akhilesh Gupt:

VA
Azadig,
Amrit Mahotsav

PREFACE

0 6 @ B WHRYYD aOuTOf,
Ng¥ri bpOeUx
BUa; N ©0 Tu Wxi kKA¥%y
BUa; N ©0 Tu Wxi kKA¥%y
SeniGtia@iker 1%y D

Policy Coordination & Programme
Management Division
Department of Science an@iechnology
Ministry of Science and Technology

Government of India

s Ow %)

The National Manufacturing Innovation Survey (NMIS) 2Z2R1s a significant step towards assessing manufacturing

innovation inindia. The objective of the survey was to evaluate the performance of states, sectors, and firm sizes in terms
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of innovation processes, outcomes, and barriers, as well as the innovation ecosystem that affects innovation outcomes. The
NMIS 202122 offers acomprehensive understanding of manufacturing innovation in India from all perspectives.

The Department of Science and Technology (DST), in collaboration with the United Nations Industrial Development
Organization (UNIDO), has developed the first Indian Wketuring Innovation Index (IMIl) for guiding decisioaking in

innovation policy with respect to manufacturing and related services. The significant difference in the IMIl score captures
the variations in manufacturing across the states.
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of innovation activities, outcomes, and barriers in manufacturing firms. Additionally, the NMIS2@2&vey produced five

reports studying the sect@l systems of innovation within manufacturing sectors, namely, Automotive, Pharmaceutical,

Textiles, Food & Beverages, and Information & Communication Technologies (ICT). These reports examine the collaborative
processes between innovation stakeholdergldhe innovation systems available to specific industrial sectors.

The key findings from the study demonstrate that innovation is highly beneficial to manufacturing firms. Over a quarter of

manufacturing firms in the country are innovative, and about sigpercent of these firms have used innovations
successfully to increase turnover, open new market opportunities, and respond to market and cost pressures. However, the
study also reveals that firms face a wide array of barriers to innovation, and inan\aattivities require perseverance and
longterm commitment. Manufacturing firms demonstrate high rekersion and lack of entrepreneurial appetite to engage
with innovation. Instead of competing for new products that are necessary to compete in the ffitans are still addressing

the predominant and immediate demands in the market. These findings call for concerted efforts in strengthening

manufacturing policies and bring attention to the need for an innovation strategy for the country, with parétidation

to manufacturing.

I would like to express my sincere appreciation to all those who contributed to the creation of this report, including the
UNIDO team and the technical advisory committee from DST. We sincerely hope that this report wijtdse whlue as

valuable resource and reference note.

(Akhilesh Gupta)

Technology Bhawan, New Mehrauli Road, New Delhi0016
Phone: +9111-26862512 Email: akhilesh.g@nic.in, gakhilesh2008@gmail.com, Website: www.dst.gov.in
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Preface

LYRAFQ& FaLANIGAZY (2 6S02YS || 3Jt26lt SO02y2YAO0 LR SSNK2dAaS ¢
its innovative performance. The goal of craftingUS$ 5 trillion economy by 2026 will require reinventing Indian

manufacturing and innovation activity. If India is to deliver rapid and sustained industrial growth over the next few decades

it needs to strategically focus on building a next generaiittelligent manufacturing base where domestic companies

become an integral part of global supply chains. India can leverage its strong Information and Communication Technology

(ICT) sector and drive supply chain efficiencies and productivity growthghrose of ICT deployed at scale. It can harness

its soft power advantages to trigger a manufacturing revolution and become a global manufacturing superpower.

In recent years, the Government of India has realised the potential for a nesedQfodel of economic growth and
development. It is now moving rapidly to adopt digital technologies and initiatives and investing in digital infrastracture a
digital capalflities. It is also working towards strengthening the-t&&iEed innovations and applications for driving industrial
performance, economic growth and social change. Recognising the crucial role of information technology and innovation in
the economic develodY Sy & 2F GKS ylFLGA2yZ bAGA 'F&23 RS@St2LISR | af (NI
envisages India as one of the top 50 countries in the Global Innovation Index and suggests that India should aim to spend at
least 2 % of Gross Domestic Prod¢&DP) on research and development. It calls for greater connection between
governmentindustry-academia which is required to identify the changing requirements in manufacturing and prepare an
employable workforce. It supports adoption of the Fourth IndiatRevolution (4IR) technologies while maintaining data
security, reliability and stability in its communication/transmission. With the unprecedented disruptions of societies and
economies caused by the COMI®pandemic, such strategies have assumerkatgr role in transforming the nation in the
postpandemic world.

Knowledge is emerging as a critical resource, and its better management and flow among people, enterprises and institutions
is key to the innovative process. A System of Innovation (Btgsents the strength and quality of the systematically
organised interactions and linkages between the stakeholders of the ecosystem; namely government, kndbakstte
institutions, industry, intermediaries (institutions supporting technical change,stigduassociations and incubators), and
arbitrageurs (venture capital, angel investors, and financial institutions). The mapping and visualisation of the dynamics of
an innovation system are crucial to formulating evidedbesed policy for the effective usé resources.

Suitable policy interventions are needed to put India on the global map as the leader in IT-emabldd services. The
growth of the Indian ICT sector depends on the utilisation of 4IR technologies, as well as the access and adofition of IC
across sectors and organizations. Also, the supply of highly skilled IT personnel and sufficient regulatory suppoat for digit
transformation are paramount. UNIDO acknowledges the importance of evidence in optimally deploying policy instruments
and targeting available resources (economic incentives and institutions) so that the Indian ICT sector can achieve a
competitive advantage. The development of a wWalictioning Sl is needed to attain competitive advantage as it works as a
driver for longterm sogo-economic development.

CKS GLYRALFY LYF2NNIOGA2Y 3 [/ 2YYdzyAOFLGAZ2y ¢SOKyz2fz238 {SO0G2NR
the challenges, potential, and opportunities arising from the innovation system. The analysis is based aiteaed @s

LI NI 2F GKS abldazylt al ydzFl Ol dzNRA y 3-22 Vhe¢ RAIESH Repoyt is themdzeSe ¢ 02y
source of policy insight for supporting the Government of India to elaborate an evidesml industrial policy that

articulates the role of science, technology, and innovation throughout the economy. The mandate of {)al@de of the

specialised agencies of the United Nations systamprovide its member states with capacitwilding and policy advisory

services is manif in this report.

¢KS OKFLIWGSNER Ay GKAA& NBLRZNI | N&ildidgKpSlicyNBadysigf aind etnfiricdl rededidh enda & S NIJ.
the Indian ICT sector. It aims to enhance the understanding of the role of the core actors, their intes;zantidperspectives,

thus providing a solid basis for strategic planning, policy, and management of policy actions in order to effectively achieve

national targets and goals.
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9ESOdzi A @S { dzY Y|l NE

¢KA&a NBLRNIIZI GAGE SR (KS dctogtdktrof tfie COYHBO pandeid, 2viidh Ihif all de@aiisi SY 2 F
Innovation (IICTSSt) Measurement, Analysis, and Policy across the globe.
\,N SO02YYsSy R, b }\ 2yae adNp S.e ? A ){'ﬁfe%n%llys% éf%tholi B{y%oc&\n%fer)ﬁsz, t?el'm%ép%gsa% aa
in the ICT sector in India and maps the functioning of . .
measurement of the IICTSSI in terms of analysing linkages

innovation and the associated ¢aborative processes . . . .
. . . between (and within) actor groups, barriers to innovation
between innovation stakeholders. The survey and analysis . . .
and the success of p02I|c¥ instruments disclpse _the

6 SNB .dzy RS N‘_IJ 1Sy 84 u' K 7\,)/ uK Ssigrﬁfi’c\:lgntY, Eeflj 2pgl’ljl:y analysiéJ %insding%,b tlheu Am%jgrl t
Manufacturing Innovation Survey 2020H ¢ oObalL{ . HAOHMO . .
. . . implicatons from the analysis, and the recommendations
co-designed with and funded by the Department of Science
that stem from them.

and Technolog, Government of India (Gol).
In the specific case of the ICT sector, our assessment is that

the IICTSSI falls into the category of a Triple Helix (TH) Type
IIl, as per the traditional framing ttie TH model. In the TH
Type | the three spheres of the actors are strongly
institutionally defined, however, work in isolation leading
to the local technological knowledge also being kept
isolated. With TH Type Il, mechanisms of communication
Although there are many significant challenges identified, between theactors are strongly influenced by the market
the policy analysis, implications arising from the analyses,and technological innovations, and the point of control is at
and the policy recommendations to address these the interfaces and consequently new codes of
implications providean unprecedented menu of evidence communication are developed. In Tkype lll, the three
based development priorities and policy choices to addressk O 2 N&E | & dzyS S| OK analkphdddaa NRf Sa
the challenges. The approach outlined in this report is as well as the performance of their traditional functions.
comprehensive and holistic for mapping and measuring the With the emergence of THype Ill, a complex network of
Indian ICT Sectorial System of Innovation (IIQT®SI organizatioml ties has developed, both formal and
provides an accurate visualisation of the connectivity informal, among the overlapping spheres of operations.
between the core actors of the IICTSSI, the significantThe transformation othe knowledgebase is of particular
barriers to innovation and innovativeness, and the relative relevance. After having incorporated research as an
success of current policies in overcoming these barriers.additional mission beyond teaching, universities recognise
After all, it is notthe number of assets India has when their role in the pursuit of economic and social
considering innovation and innovativeness, but rather how development. Hence, universities take on entrepreneurial
well and coherently they are connected and managed and tasks such as marketing knowledge, increased technology
if they are achieving innovative products and business transfer and the creation of spioffs and startups, as a
processes and subsequent economic value. result of both internal and external influences. Similarly, the

L . . . . importance of industry emerges in the process of
It is impeative that policymakers view the analysis, . ) i
AYLE AOFGAZYAas | yR NBO2vys ®pedgeqeeratgn and the ggen, of skilled hyman o 5
economic performance in an emerging economy and in the capital.
FIGURE:Triple Helix types

GOVERNMENT @ GOVERNMENT
A
UNIVERSITY | - INDUSTRY

THTYPEI THTYPE Il THTYPE 1l

The report has been compiled for the Gol to inform
innovation policy and improve innovation practices within
the sector. Furthermore, it aims to facilitate coherent
delivery of innovation policy and the establishment of a
long-term policy monitoring and management capability
for the sector.

INDUSTRY - UNIVERSITY INDUSTRY UNIVERSITY

20



INDIAN ICT SECTORIAL SYSTEM OF INNOVATIO

Consequently, there is the need to maintain and strengthen for reattime decisbn-making. The lack of understanding
the relationships between the actors of the IICTSSI, thusand the cost of 14.0 arise from the information asymmetry
fostering a favourable environment for innovation. between traditional manufacturers and technology service

. . . . . . roviders, as these technologies are emerging areas.
Basedon this observation, the inter and intra interactions P g ging

that need attention are: With respect toWt 2 £ A O &, the defddiatdd2 y Q

variables are: W[ F O1 2F €83kt  FNI O
WwSEUGNAOGADS Lidzot AOk 3200 NB:

YIGA2YL € AYY208FGA2Y AGNr GS3exzQx

resolution regulations The convergence of various

technologies like the ubiquity of the Internet, emergenof

an app economy, and pervasiveness of social media have

Promoting secondments between knowledgased caused a paradigm shift in the Indian ICT industry.

institutions and the ICT industry as programmes benefit Consequently, this poses several policy and regulatory

individuals and companies by developing new skills, challenges. With respect to consumer and producer

boosting engagement and increasing retention. They g St ¥ NBXZ LY RAl QA&awelfafethddatd®is 2 F O2y

can also resolve specific problems and needs of the ICThot very dynamic, which has an impact on competition and

sector. innovation and also means that MSMEs and startups are

unable to compete with large multinationals. Specific issues

for the Indian ICT sector include the need to evaluate

patenting norms for software in India in line with other

places such as the UK, Europe and Japan.
Closer linkages between the knowledgebase and

arbitrageurs to facilitiate the process of ideation to . Increased ICT adoption  reduces  information

Fostering joint research between industry players,
similarly for government and knowledgmsed
institutions, as well as government and industry,
particularly in strategic areas such as quantum
computing.

Better connectivity between the knowdgebase and
intermediaries in particular industry associations in
terms of technical knowledge dissemination; and

market. asymmetry and information flows are vital for the
innovation process. However, in the case of the

Secondly, the analysis highlighitst relationships between | | / ¢@T{Kholledée v R { énrQds as@ barrier to
actors in the [ICTSSI are imbalanced, hindering the flow ofnnovation with the following associated variablégw I § S 2 F
knowledge and information crucial to the innovation | &5 & 3 & g2 L/ ¢Q5S wL/ ¢ OFr LI OAGac
process. This is mainly due to a suboptimal understandingg §§ § O K y2f23e 3ILLIOQ FyR W[I O} 2F
2F SIFOK FOG2NRAa NBES gAKAYGILY) oSF Fi SO0 IMES (& 8rd (gSeYd edeliantA /2 & Uy
and the terms and conditions are unfavourable to products across their lifecycle from conceptualisation,
YSEYAY3IFdzd LI NIGAOALN GA2Y O gdsigny Manlifadny, bhefation Pdeniée dgAdl didite, N ®n Q2
Wt 2t A08 CdzyOUA2YQZ WL/ ¢ Y Yifichad RahSfactlirefsRracd tHe2i§20edoR MforntitiodzY Y
I[TLAGHEQ YR WCAYIYyOSQT S Yghdehy whef cofpkréd toYdlgitalf sadl@y iRwcdihefsA ¥ 3

bariers to innovation within the ICTISS or technology partners witwhom they need to collaborate
CNBY G(KS$ LISNKIDA{NES nIBFHnGIate.
baa20At SR O NBndetstaiing I NAY Wi dPly 2F1 LA tQ Aa I 02t 8C
V2% Lnon GSOKy2(23ASaQREP dndrbes o thet kKROHSRE skild, Zand holifRe
(SOKy2t23A8a0QF W/ 24l 2F Ln®n ofichAdeesrulad badituQioss o forceltdah O1 2 F

AYFNI &0NHOGdNE F2NJ LnowBO  Bafriah dafidrsDoiedaNd gliedtiontovhovbikkowledgd cén bd S Ol 2
rapidly changing, particularly with the adoption of 4IR gengated, accessed, and transmitted throughout a system
technologies. Manufacturers across sectors are making in to deliver innovation activities. This is a crucial issue

house investments in basic enterprise systems such as ERRBarticularly with the paradigm shift caused by digital

CRM and PLM. However, a basic awareness of convertingansformation and 4IR. Consequently, the emergent

the concepts of 14.0 intactual business opportunities as yariables associated with the barrieN®  LdclE of W

well as the challenges in coming up with use cases (€.9.§ SOKy A OF f & GN}AYSR YIyLRgSNDS
combinations of technologies) as comprehensive solutions§ N: A y SR YI yLI2gSNDR YR W[ I O] 2F
are still lagging. 1y26t.8R3ISQ

Areas beyond the control of Indian firms, such as telecom Thjs siloed approach becomes a barrier for adopting
infrastructure for 5G, are lacking global levels of adoption, emerging concepts. For organizations to be successful in
constraining their adoption and the benefits from adopting making theseproducts efficiently using 14.0, human capital
them (e.g.,low latency, high bandwidth telecom using 5G jith a holistic perspective about the application of these
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technologies is important. Knowledge of operating evidence and reflect the needs of the actors in the system
software from basic spread sheets to programming of F YR 0SS Ay fAYyS A0 KntdtighRAl Qa 2 FSN.

machine tools or robots will become a basic essity T . . .
. . : ) The major implications of the analysis outlined in the report
across industries and functions. Businesses need to start

. . . . are that better externalities need to be generated from the
restructuring around micrenterprises with all necessary

) . i public goods of funding and support. Phrased differently,
skill sets, and not the traditional functional approach. . . . .
innovation inputs need to be better translated into

Finally, with respect to policy success, policy instrumentsinnovation ouputs. This requires further strengthening of
were analysed inerms of supplyside measures (services the nexus between the knowledgebase, industry and
and financial) and demanrside measures. The study results research institutions, with a view of global changes and best
indicate that in general policy instruments are successful, practices.

however the most unsuccessful policy instruments .
I In addition, the remoteness of actors causes them to be
reported by all actors ar¢he demandside meaares of . . . .
_ _ P , relatively independent of the glicy.making process,
Wl 02dzNJ Y20Af AUe Ofl gdabolk yOSYuAdsSav I YR WwS3dzf | uA2
especially in terms of wielding influence in"configuring

mobility is multifaceted and speaks to the ability of a S . . . .

Ker t iob i q tors t calibrating policy to exploit knowledge and intermediating
worker to move across jobs, occupations and sectors to . .
! P the flows of technical knovow. The present public

take advantage of new opportunities. This is even more . .
ial g g idech lp'[_’  ch in ICT iob rol infrastructure needs to be strengthened to create a fabric
crucial given rapidechnological changes in ob roles . . . . .
9 ) p 9 9 ) J ] of vibrant linkages that supports innovation. What is
and the proliferation of Industry 4.0 technologies which has . . . . . .
) o required is a widely accepted conducive environment in
impacted labour mobility in the ICT sector. . o .
which organizational rigidities are overcome.
Regulation as a barrier is reflective of the need to clearly The
articulate highlevel goals and visions down td Bvels of
the system and with respect to industry, to small and
medium sized firms, with a reduction in the level of
complexity thus better enabling navigation of the sector.

IICTSSI Report demonstrates the value of
comprehensive survey and the critichportance of
mapping and measurement to guide the discussion for
evidencebased and collaborative policy making, execution,
monitoring and impact evaluation. A periodic repeat of
In addition, each actor has a specific view on effective or systematic mapping and measurement of the IICTSSI in two
ineffective policy instruments, which needs to be to three years istsongly advised and can help to ascertain
considered when selecting a policy mix. Policy selectionthe effects of policy choices, implementation, resource
should not be an arbitrary process. It should be based onapplication, and hence innovation and innovativeness in
the Indian economy.
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t N22SOu /2ydS

¢KS dablGAzyl ¢ al ydzfF I O dzNJ yrale ahdysgpargielyistudied the{ idpsdd & ghis ecdsysterfi 0
2021-H H € A a -ug to the2Dedar®nint of Science and and its actors on inngations in specific sectors.

¢ SOKy2t 2328 & NEBE{ GbldD2Y0 € LY)/Z@I iA2Y { dzNBSe ¢
held in 2011. The 2011 survey results showed thast of 1.1The Natlonal ManUfaCturmg

the innovations in Indian firms were in the form of |nnovation Survey 202-p2
introducing new machines, or improvements to existing

products and processes (DST, 2014). The study found thes&he National Manufacturing Innovation Survey (NMIS)
firms at par or ahead of their competitors regarding 202122 was designed as ap?onged survey where the
improved ranges of productsélter quality and standards), DSTUNIDO collaboration adopted a 3@@gree approach
besides improving production capacity and reducing t0 measumg innovation performance at the level of
environmental impacts. Such firms were largely privately manufacturing firms, and assessing innovation processes,
owned small companies and relied on domestic financial its barriers and support measures at the ecosystem level of
institutions. While these innovative firms struggled with industrial sectors. To this end, the survey was designed with
costfactor and availability of skilled manpower, more than two specific componentsg the FirmLevel Survey and the
50% did not employ scientists or engineers but reported Sectorial System of Innovation (SSI) Survey.

that access to knowledge and information was a critical

. The objective of the Firrhevel Survey was to capture
barrier.

insights regarding activities impacting innovations in a firm,
The decade that followed the 2011 National Innovation across a broad spectrum of product and businessgss
Survey saw the launch ok policy initiatives, especially innovations and understand the various factors enabling
GKS aal 1S Ay LYRALFEZ af{ il Niaega limignginnpvation agtikities; Rghe gther handthg A NB K I NJ
KIENIG 'oKAGFYEX Yzzy3a 20KSNmBomveyRired (on meafiR the 2nnayalionsSsystem K S v
YR o0622ad GKS O2dzyiNEQa Yavgilable tcOspepifigniguastrial SO tniexaming i &
where innovation and entrepreneurship programmes were manufacturing firms accesdeinformation, knowledge,
prioritised. The scope of indigenous innovations and technologies, practices, and human and financial resources,
innovation ecosystems thus received greater impetus in and what linkages connect the innovating firm to other
this period. In 2019 the DST followed up with the planning actors in the innovation system (laboratories, universities,
of the second nationwide innovation survey and partnered policy departments, regulators, competitors, supplieasd
with the United Nations Indust Development customers). Thus, with an overarching scope to strengthen,
Organization (UNIDO), with greater attention to A YLINRE @S | yR RAGSNEATFE LYyRALFQ&a Yl
manufacturing and associated services spread across largegnd evidencebased innovation policy, the NMIS 2622
medium, small and micro enterprises. It emphasised the Survey was launched in February 2021.

TABLE :10verview ofFirmlevel survey and SSI survey

The FirmLevel Survey assessed the following: The SSI Survey assessed the following:

(Broad overview) (Broad overview)

Types of innovations in manufacturing firms - Innovation actors (firms and neiirm actors) for their network
Product innovation (density, distribution, directionality, symmetry of intrand inter
. . . . . linkages of actors)
Business process innovations iffe.g., operation
product/business process development, marketing ° Therole and impact of actors and institutions on innovati
sales, procurement, distributon & logistic activities in firms
administration, and management) - Impact of policy instruments (fiscal, monetary, regulatc
Innovation activities standards and others)

Sources of information, collaborations, resources Barriers to innovation

Factors hamperinginovation activities.
Impacts of digitalisation, infrastructure, IP

Impact of COVH29 pandemic
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With a stratified random sampleepresenting micro, small, achieving an ambitious doubMligit growth (NITI Aayog,
medium and large manufacturing companies, the Firm 2018). Further, the agency has also been assessing the
Level Survey targeted 10,139 firms across 58 manufacturing/ F G A 2y Q& LINA2NA GA S& ating/&d & 4G NI (53
sectors (as per the national industrial classification 2D08 strengthening science and technology (S&T) initiatives to
across the 36 states and union territories in the coyntr amplify technology development and commercialisation.
The SSI Survey targeted the innovation systems of 5 keySince the 1990s, the Government of India has deployed
manufacturing sectors critical to the Indian economy, technology incubators as an important policy tool for S&T
prioritised by their gross valuadded (GVA) and their entrepreneurship (Sursa et al., 2018). The DST has been at
presence across the country, impacting stieel and the forefront of designing and establishing science and
national policies and strategie¥hese 5 sectors are: Food technology entrepreneurship parks, incubation systems,
and Beverages, Textiles and Apparel, Automotive, and technology business incubators to build close linkages
Pharmaceuticals,and Information and Communication between universities, academia, R&D instituticarsd the
Technologies (ICT). A stratified random sample close toindustry, including MSMEs, and also to generate
7,851 firms and 1,000 nefirm actors were targeted under employmeng. These initiatives led to strong technolegy
the SSI Survegcross India. The outcomes of the Ficevel based entrepreneurship and startups in the country, and
Survey are separately reported, while this report features set motion to various policy frameworks and initiatives,

the SSI Survey objectives and findings. such that most incubation pgrammes in the country

. . today leverage support offered under various ministries,
1-28|gmflcance of the Sectoral who also have a manufacturing stake. The public sector
Syste ms of Innovation Survey enterprise model for biotechnologlyased startups by the

Department for Biotechnology (DBT) has been highly
The SSI Survey postulates that for a firm to ffeative in  successful inconverting research into products and
the innovation process, a conducive environment that attracting investments and has impacted the pharma and
consists of an effective support infrastructure of actors is life-sciences landscape in the country. Similarly, for
critical. Connectivity between them that is fluid and strengthening IT and digital startup linkages with markets,
dynamic will be pivotal in aiding access to the requisite, the Ministry of Electronics and Information Femlogy
knowledge, skillsand resources. Hence, the survey aimed (MeitY) has been offering risk capital and lowst loans.
to map the innovation capability of manufacturing firms to  With their broader mandate, the Ministry of MSME and the
such actors and institutions of sectepecific systems of  Department for Promotion of Industry and Internal Trade
innovation and also regional systems of innovation, and (DPIIT) have designed and implemented several startup
national systems of innovations. To thiend, the programmes, and impoantly brought SME collaborations
interactions (or linkages) and the density of these linkagesto sectorspecific incubators, thus offering a stronger
to various ecosystem actors were studied to achieve a clearmarket access to entrepreneurs.
understanding of these relationships in empirical terms to
assess the flow of communications and information and
assets betwer knowledgebased institutions, research and
development agencies, industry bodies, government
agencies, financial institutions, startup incubators,
institutions supporting technical change, and arbitrageurs.

LYRAIQa (SOKyz2tz238 YR Ayy20I GA:
leap over the last decade when the Government of India

launched a series of Higpowered initiatives to amplify and

catalyse the pace of innovation and entrepreneurship with
INBIFGSNI SYLKEIFara 2y GKS &0 NI dzd
LYRAIFE¢ YAaaiazy ¢l a Lidzi Ay LXIOS
The survey particularly took cognisance of thaovation lengthy regulatory processes for startups and aatnced

and manufacturing mandate of NITI Aayog, the apex policytax incentives and highisk funding to startup® ¢ KS & ! G I f
advisory body to the GallIn its strategic recommendation L yy 2 @l GA2Yy a A & akpegfic atténtidk ta3 K &4 SO
F2NJ AYLINRGAY3 LYRAI Q& Yl ydzhe SditdaNdeyidd fod ifrovatdmand datrePranéifishiz b L ¢ L
Aayog strongly recommended the need for promoting incubation infrastructure across the country and widened

latest technology dvancements and predicted a defining

role for Industry 4.0 intervention in shaping the sector and

Yo oYY 2 Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

1 National Industrial Classification (NIC) 2008 is an essential statistical standard for developing and maintaining a eotapabalske according to economic
activities:https://www.ncs.gov.n/Documents/NIC Sector.pdf

2 About NITI Aayodittps://www.niti.gov.in/objectivesand-features

3 Science & Technology Entrepreneurship Park (SWER)://www.nstedb.com/institutional/step.htm

4The Startup India initiative (under DPIIT) was launched to improve the innovation ecosystem and handhold, fund andénstentiijys and improve
industry-academia partnerships through incubation servidesys://www.startupindia.gov.in/content/dam/invest
india/Templates/public/Action%20Plan.pdf
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its scope to schde and other academic institutes-urther, aimed to make India a higlech manufacturing hub The

iKS aLy@Sad LyRAI ¢ LINE 3INI YhVsSion aontadrgets 27 aegnOfeclifihg séc@ors that fiak Key & S
investments in manufacturing, technologies, incentivising significance to the economy and the 5 manufacturing
innovations and other areas of trade and commércehe sectors identified for the SSI Survey have significant priority
increased access to risk capital in teclugges in this period  in the Make in India mission.

have played a key role, such that Bain (2022) reports that

LYRAIFQ&a T22R LINRPOSaaAy3d Aa
VC investments in India pegged at US$ 38.5 bhillion in 2021,

3t 201

and have positioned India as the third largest startup
ecosystem in the world

The SSI Survey was positioned xamine how such policy
and institutional arrangements (innovation/incubation

programmes established in various technology and higherprocessed food

significant number of registered factories across the
country attributing to the direct employment of 1.9 million
people, with 8.9% MVA (food and beverage along with

tobacco) (UNIDO IAP, 2023). Despite being a major trader
LYRAI Qa

and exporter of agriculture prodiicd >
is less than 10% owing to critical

education institutes) across the country have impacted the impediments across supply chain infrastructure, production

collaboration of firms with academia, startups and
investors for commercialising innovations, thereby
addressing various transactigelated problems endemic
to labto-market journeys. Studies show that traditional
R&D institutions in the country, however, continue to
LINA2NARGAES aofdsSmale

inidEed S I

and processing, inefficient capacity utilisation, quality and
safety challenges, and slow product and technology
interventions RBI, 2020). Similarly, the other large sector in
the survey, the textiles and apparel sector, has a prominent
manufacturing presence in many states and provides direct
eNpldymhent 2t@ Srivde dhiarL JUE mididn i ge@plé ahdNJ

w»
mes
-

NEaSI NDKeé FyR 2y G(KS 20 KS NbniibuRdose 20SSoNMIAIN ROR1AE fidi Indiani dzR A S &
KIS O0oNRdAKG FGGSyiliAz2y (2 &xK& andKdpdrd iSdysthSnas valle®& BS$S AR billioy RA I Q&

publicfunded labs in commercialising their research
outputs. While technology interventions have direct impact
on productivity, accessg capital in manufacturing
iSOKy2f23enolaSR LINepa2SOia
owing to the longer gestation period before they yield

and accounted for a 4% share of the global textile markets.
Yet the highly fragmented sector is also labour and raw
material intensive and is mired with productivity challenges

tiaRtghd to yintsSming 2aluedcBainsland thiin bickviaigd 3 S =

linkages. For instance, more than 80% of the 50 million

returns. As Nandagopal et al., (2013) point out, Indian firms spindles and 842,000 rotors deployed by textile mills are

continue to be traditionally rislaverse, and are inclad to
AyoSai

infrastructure, entertainment, among others. The SSI

Survey made crucial inclusion of the role of arbitrageurs,
such as the venture capitalists and knowledge brokers, as

these actors have ntreasingly been decisive in the
innovation process in bringing internal and external
knowledge and highisk investments that result in new
business models and new types of companies.

AY yzynt’jSOKyetzaénotrha”

found to be outdated or inefficieAt.

e%§ Survey almed % also g;ther Iearnlngs f}\m:nmr
collaborations, institutional best practices, challenges,
technology leapfrogging trajectories and other aspects of
systems of innovation in three high performing sectors,

such as the automotive, pharmaceutical and ICT sectors.

With a 20.1% contributin to the manufacturing GDP, the
automotive sector is a top driver of macroeconomic growth
and technological development in the country (UNIDO IAP,

obylAY

1.3 Relevance of the 5 2023). With robust performances, the ICT and
) R LK NYIF OSdzi AOFf aSOG2NAR FNB GKS
MaHUfaCtu”ng Sectors Prioritised by pharmaceutical sector is the third largest in volume, driven
the SSI Smyey by export markets and the expansion of Indian healthcare
that has resulted in innovative products, processes and
With the goal of significantly increasing the manufacturing services, thereby positioning India as the pharmacy of the
dS00G2N) O2yGNROGdziA2y (2 GKSwoRPLt FNRY mMcom:x (GKS aal 18 Ay
LYRAIFE¢ YA&ZaA2Y Aad I YI 22N LRfAOe AYyAGAIFGA@GS 1 dzyOKSR AY wHn
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5The Atal Innovaiton Mission driven by NAElyog established numerous innovation and entrepreneurship centres in schools, universities, research

institutions, private and MSME sectorgips://www.aim.gov.in/overview.php
5 Invest Indiainvestment Promotion and Facilitation Agency. Invest India

7Economic Survey: India becomes tHiadgest startup ecosystem in the world.

Mint: https://www.livemint.com

8 The Make in India Missiohitps://www.pib.gov.in/PressReleasePage.aspx?PRID=1738170

9 Textile Industry in IndiaGarment & Apparels Market in Indianvw.investindia.gov.in/sector/textilespparel

10|ndia should continue investing in modern, efficient spinning technology to remain globally compétitive!/ www.indiantextilemagazine.in/india
shouldcontinueinvestingin-modern-efficientspinningtechnologyto-remaingloballycompetitive/

11India has become pharmacy of the worldtps://www.moneycontrol.com/news/india/indiarecognisedaspharmacyof-the-world-fm-9759651.html
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1.4 SSI SurvethStrengthen The SSI Survey has attempted to capture the dynamics of
communication, stocks and flows of knowledge and

MaHUfaCturmg Innovation as a Gol organization by introducing the notion of an intersection of
P0|icy |mperative exchange relations that feed back into institutional
arrangements. The aim has been to understand how co
The Make in India ambitions were further boostied2026 evolution between the layers of institutional arrangements
21 with the launch of the Rduction Linked Incentive (PLI) and evolutionary functions can be conceptualised, in
scheme across 14 key manufacturing sectors, to incentiviserelation to the division of innovative labour among both
import substituion by domestic production in strategic institutions and functions. This is g@ularly important
growth sector#? Invariably, the domestic manufacturing when crafting policy for the effective use of resources.
ecosystem and supply chains are critical to the success ofrhus, by generating evidence of the barriers and challenges
the PLI scheme. Similarly, th8ati Shakéiprogramme was  to technological learning, innovation and development, and
launched in 2021 to improve infrastructure and technological ugradation of Indian industries the survey
connectivity for faster and more efficient moventenf  findings shall be used for devising policies, programmes,
goods and services, and impact manufacturing and businessind partnerships to strengthen innovation outcomes and
operations at larg&. Besides technological leapfrogging, penefits.
world-class innovation capabilities, skills and investments, . »
(KS D2OBSNYYSYd 2F LyRAlQa "egPoEd \gsssupRoted by Jie,NIBR Fagiity (fgr o
. . . International Cooperation for Inclusive & Sustainable
investment environmenhas been critical. The country saw

FDI inflow catch great momentum between 2622 and by Industial Developmerllt (FMSIP)' a joint |n|t|§t|ve O,f .the
. . . DPIIT and UNIDO, with the aim to catalyse inclusivity and
2019 India was recognised as one of the most attractive

emerging markets for investmerifs However, the FDI sus.talnabl.llty in manufactu.nng IndL.JStI‘)./ developme!wt. Five
. L . . major business membership organizations, respectively the
share in Indian industries seems to continue to largely .
) . India SME Forum (ISF), ethFederation of Telangana
benefit nonmanufacturing sectors such as software

businesses. Nevertheless, the hardware, phabimech Chambgrs of Commerce and Industry (FTCCI), the
. . ... Federation of Andhra Pradesh Chambers of Commerce and
and electrical equipment sectors, among others, with
S . Industry (FAPCCI), the Madras Chamber of Commerce and
strong product sophistication and better production Industry (MCCI d the PHD Chamber of C g
capabilities, attract strong foreign direatviestment(FD) ndustry ( ), and the amber of LLommerce an

inflow, especially with their digital capabilities in Industry (PHDCCI) werlesy partners in datwollection .

manufacturing and product offeringfs The global shifts in FONBAaa LYyRA l'_Qé Hy auabusa bFyR y d
advanced digital manufacturing with selbrrecting completed the data collection in early May 2022.

intelligence has been a game changer since the pandemic

and has reflectedh investment interests as well.

YoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

12The PLI Schembttps://www.investindia.gov.in/productiodinked-incentivesschemesndia

13 Gati Shaktihttps://dpiit.gov.in/logisticsdivision

14 Emerging Markets Private Equity Association 2019 Suhveys://www.globalprivatecapital.oro/app/uploads/2019/05/20-surveyfinal-web.pdf
15FDI in India 202nttps://www.makeinindia.com/policy/foreigrdirect-investment
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Innovation is increasingly viewed as the salient ingredient institutional settings in different sectors, we use the
in the sustainable growth of the modern economy. An 02y OSLJi 2F W{SOG2NRIt Lyy2@FiA2y
economy must continuously absorb new knowledge and using this framework can be further justified on the ground
develop new skills and capabilities to avoid erosion of that it encompases all the relevant aspects that might
competitiveness and facilitate econaen growth and possibly influence innovation and economic growth and is
diversification.  Historically, countries that fostered suitable to analyse the intenelated character of innovation
innovation by developing interconnected innovation processes. In this backdrop, this chapter presents the
systems have proven to be more capable of generating newtheoretical underpinnings for the approachised in
knowledge and translating it into business opportunities mapping and measuring the Indian Textiles and Apparel
and thus wealth creatin (Freeman, 1987; Nelson and Sectorial System of Innovation (ITASSI). It introduces the
Rosenberg, 1993; Lundvall, 1992, 2016; Chaminade et al.concept of the Sectorial System of Innovation (SSl), as well
2018). An innovation system refers to a set of institutions as reviews the elements that constitute its early
that contribute to the development, diffusion and conceptualisation, thragh a review of the evolution of
application of scientific and technological knowledge (Posi seminal literature. Based on this, the chapter outlines the
1988). Studies have shown that wilhctioning innovation  traditional Triple Helix Model of governmenniversity
systems are essential to catch up with advanced economiesindustry (Etzkowitz and Leydesdorff, 2000) interactions as
(Kim, 1992, 1997; Kim and Nelson, 2000; Fagerberg andvell as its extension.

Srholec, 2008; Malerba and Nelson, 2013; Fagerberg et al., . o
2017:Shekar, K. C., &seph, K. J., 202 2.1 Theoretical Underpinings

Innovation systems are framed at different scales, including The organizationand development of innovation have
national, sectoral and local/regional (Chaminade, 2018). gained much attention from different perspectives. The
The framing of an innovation system involves different traditional notion of innovation as an end provides a
types of network and interactions depending on the driving narrow view of innovation and the potential it has on
interest, practices, behaviours and the working societal development in differemtimensions. Whereas the
environment in general. The considerations for building consideration of innovation as a process that engages a
these networks may vary depending on the context and chain of activities that can lead to different types of
scale of the operations/activities happening among the innovations that then have diverse so@geonomic impacts
actors. These networks will evolve based on bedaviour is more prevalent today. An innovation system considers
and routine among the actors and their organizational innovation as a process and considers how the actors
context (Hall, Mytelka, and Oyeyinka 1997; Jacob 2016).nteract among themselves to undertake innovation
However, knowledge and learning remain the central activities. They consider the inputs to innovations and the
points to the networks (Moschitz et al., 2015). The channels leading to the expected outputs. This does not
establishment of such networksorf building a system mean the use of the linear model of inpattput that has
involves breaking barriers and reconstructing channels for been used for some time as a way of linking science to
knowledge flow. This is done by setting interactive innovation. Rather, it considers the complexity of the
processes, sharing best practices and learning from priorprocesses and the interactions among actors involving
experience, while overcoming failures and filling gaps. Thelearning activities and the use and transfer of knowledge
form and the performance of learning approaches may vary (Etzkowitz and Leesdorff, 2000). The available literature
from one sector to another, depending on different on innovation capabilities in the Indian industrial sector is
patterns such as the roles, habits, mode of operation, mostly based on STI indicators that focus more on R&D
competencies, demand, among others (Mytelka and Smith, activities and the creation of access to codified knowledge
2002). This suggests a systemic way of distaing a (Basant, 1997; Basant and Fikkert; @9%artak, 1985;
framework that allows interactions among the different Kumar and Siddharthan, 201Shekar, K. C., & Palily, G.,
groups and contributes to the use of knowledge for the 2019. For instance, Basant and Fikkert, (1996) examines
collective/mutual interest of the actors. the effects of domestic and foreign technology purchases
as well as R&D activities in enhancing the productivity of
firms inIndia. The study shows that between 1978 and
1981-82, domestic and international R&D spillovers and

Since innovation is a collective action that involves a
multitude of actors who c@perate and compete in
networks and who are stimulated and constrained by
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foreign technology purchases are highly statistically Freeman, 1987; Edquist, 1997; Lundvall, 2007; Nelson,
significant as compared to own R&D expenditurésen 1993), Regional Innovation System (RIS) (Saxenian 1994;
though technological strategies greatly cdbtrte to the Cooke & Uranga, 1997), Sectorast®yn of Innovation (SSI)
productivity growth of Indian enterprises it is not directly (Malerba, 2002; Breschi and Malerba, 1997) and
reflected in export performance, which is also considered technological systems (e.g., Carlsson and Stankiewicz,
as an important indicator of a firm becoming more 1991), also known as a technological innovation system
innovative (Lall and Kumar, 1981). It is highly evident in high(Bergek et al., 2008; Hekkert et al., 2007). The NIS as the
technologysectors rather than medium and low technology common analytal framework for innovation to economic
sectors (Kumar and Siddharthan, 1994). A sesparcific growth. This considers a country as a unit of analysis. It
study conducted by Bhaduri and Ray (2004) examines theprovides the macro indicators in regard to interactions
technological capability of exporting firms in the electrical among actors, organization structures, institutions and
and electronic equipment industrysirms in this industry  learning processes as well as the facildati It considers
mainly depend on knowow rather than knowwhy interactions among actors as key for innovations. Actors
capabilities. In addition to these approaches, innovation Ol 'y 68 TFTANNAQ 2NBANYARQI @ANBFa Al yR
systems research focuses on interactive learning, (universities, R&D organizations) (Chaminade et al., 2018;
interdependence and ncftinearity wherein institutions  Shekar, K. C., & Paily, G., 2019he categories of
play the central role Joseph, K. J, 2008hekar, K. C., & organizationsmay generally be grouped as knowledge
Joseph, K. J., 20RZT'he innovation system perspective has producers and knowledge users. Whereas the system is
become a widely used analytical tool for academic based on these categories and the interactions among
research, policy formulation and implementation which them, institutions are very important in the innovation
aim at effective relationships among the agents and systems. In this context, institutions are considersdcaset
increase the innovation efficiency (Dosi et al., 2006). of routines, behaviour, regulatory tools, and policies
Therefore, the innovation system, which has by now (Edquist, 2005; Freeman, 1995). The set of organizations,
emerged as the most popular approach in innovation institutions, knowledge, interactions, and learning make up
studies, involves a more holistic framework to study the an innovation system and this system can be analysed at a
inter-related character of innovation process as it focuses lower level as asectorial innovation system. Types of
on the interdependencies among the various agents, activities, actors, and products; and how these are
organizations and institutions while underlining the need interconnected determines the sector.

for R&D (Freeman, 1987; Dosi et al., 1988; Lundvall, 1992;

. Geographical factors define national and regional
Nelson, 1993; Edquist, 1993hekar, K. C., & Joseph, K. J.,. . . .
2022 innovation systems, whereas sectorial and technological

innovation systems aréefined by the knowledgebase that

Shce the late 1980s, innovation system concepts have beensupports a particular sector or technology (Carlsson, 2016).
developed and presented primarily by innovation In the sectoral system of innovation, innovative activities
researchers as a response to the shortcomings ofwithin a particular sector, a set of new and established
neoclassical attempts to explain innovation and products and the set of agents involved time creation,
technological progress (Edquist, 1997). According toproduction and sale of those products are examined. SSI
CKNAAG2LIKSNI CNBSYIl yI aXae Hirfassés spetific Aethh@dgitali Aadd/ gedghphical
networks of institutions, public or private, whose activities boundaries, with sectors being positioned sometimes in

and interactions initiate, import, modify, and diffuse new small regional clusters, yet sometimes covering global
iSOKy2t23AS8Sa¢ OCNBSYIyYyI wmdnetwarke, dasK Sor Aeyayhgledwithih 2mylltindtignali S Y =
with a focus on technology andformation flows between  corporations (Stenzel, 2007).

people, businesses, and institutions, and was created as e\n recent vears. advances in innovation theorv have

tool to understand the innovation process (Lundvall, 1985). Y ’ y
Innovation systems help identify how to stimulate
innovation and what inhibits its development and have
become aviable method for researchers and policymakers
to study the innovation process, especially in emerging and
developing economies (Weber and Truffer, 203fekar, K.
C., & Joseph, K. J., 2022

gradually moved closer to a fully systemic, dynamic, and
non-linear process that involves a range of interacting
actors. This process emphasises the nificance of
knowledge flows between actors; expectations about
future technology, market, and policy developments;
political and regulatory risk; and the institutional structures
that affect incentives and barriers. Thus, while conceptual
Different types of innovation systems have emerged sinceand methodologial specifics vary, these more recent
the identification of the concept of innovation systems such innovation systems emphasise the role of multiple agencies
as the National Innovation System (NIS) (Lundvall, 1992and distributed learning mechanisms in technological
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change. Rather than ghowerful firms or unidirectional a.

knowledge flows, the focus is on interganizatimal
networks and feedback (Winskel and Moran, 2008). The
system perspectives still acknowledge the existence of
stages of technology development, but they attempt to put
these in a broader context.

There are various channels of universitdustry
interactions that facilitate innovation development. Joseph
and Vinoj (2009) provide empirical evidence that in spite of
the low level of universigndustry interactions in the
country, firms that collaborate with universities achieve a
high level of innovativedivities.

In particular, the role of institutions at all levels in
Saidlof A&aKAyY3
central theme since institutions may constrain choices,
driving innovation along certain possibly suboptimat
paths while oftenthrowing up barriers to more radical
change (Foxon, 2003). The importance of feedback
between different parts of the system both positive and
negative- is also emphasised, as are the links between
technological and institutional change. A wieihctioning
system vastly improves the chances for a technology to be
developed and diffused (Negro et al., 2088iekar, K. C., &
Paily, G., 203;Bhekar, K. C., & Joseph, K. J., p022

Hence, the guiding principle of innovation studies is that if
we can discovewhat activities and contexts foster or
hamper innovation (i.e., how innovation systems function)
we will be able to intentionally shape the innovation
processes (Hekkert et al., 2007).

2.2 Sectorial System of Innovation ¢

(SSI) Approach

The notion of sectadal system draws from evolutionary
theory, the innovation system approach and the analysis of
the dynamics and transformation of industries. According
to the SSI approach, a sector is seen as a set of activities
which are associated with broad product gpsy are
addressed to an existing or emerging demand, share a
common knowledgebase, and are affected by a system of
actors and institutions (Malerba, 2002). Malerba (2002)
RS¥AySa {{L la I a&aasSia 27
carrying out market and nemarket interactions for the
ONBI GA2ysS LINBRdZOGAZ2YS | yR
focuses then on the sector rather than on any geography. A
sectorial systems framework focuses on three main
dimensions (for a broader discussion see Malerba, 2004
and Malerta and Adams, 2019) that are typically
distinguished as: a) knowledge and technological domains;
b) actors and networks; and c) institutions (Malerba and
Adams, 2019).

INDIAN ICT SECTORIAL SYSTEM OF INNOVATIO

Knowledge and technological domainsA sector is
characterised by a specific knowledgebasand
technologies. Knowledge plays a central role in the
sectorial systems approach. Knowledge is highly
idiosyncratic at the firm level, does not diffuse
automatically and freely among firms (Nelson and
Winter, 1982), and must be absorbed by firms throug
the capabilities which they have accumulated over
time (Cohen and Levinthal, 1990). Knowledge
especially technological knowledgmvolves varying
degrees of specificity, tacitness, complexity,
complementarity, and independence (Winter 1987;
Cowan, Dad, Foray 2000; Dosi and Nelson, 2010).
From a dynamic perspective, it is essential to

FYR YFAYUGlF AYAY 3 undeks@nd chiwvizkriowledg: Fandl fedhnolddy Yafeé

created, how they are distributed and exchanged
between firms, and how such processes can redefine
industry boundaries.

Institutions. The cognitive frameworks, actions and
interactions of agents are influenced by institutions,
which include norms, common habits, established
practices, rules, laws, and standards. Institutions may
be binding and more or less formal (such as patent
laws or specific regulations versus traditions and
conventions). Many institutions have national
dimensions (such as patent laws or regulations
concerning the environment), while others are specific
to sectors (such as standards) and may cut across
national boundaries (such as international
conventions oeestablished practices).

Actors and networks A sector is composed of

heterogeneous agents that include firms (e.g.,
innovating and producing firms, suppliers and users),
nonfirm organizations (e.g., uravsities, financial

organizations, industry associations) and individuals
(e.g., consumers, entrepreneurs, professionals and
scientists). These heterogeneous agents are
characterised by specific learning processes,
competencies, beliefs, objectives and befour. They

interact through processes of communication,
exchange, competition, control, and cooperation.

process that involves systematic interactions among a

a \Wipegvarigysof acors prine gensiel 3 XA o

of knowledge relevant to innovation and its
commercialisation. Actors are individuals and/or
2NBFYATFGAZYa GKI G
communication, exchange, cooperation, competition,
and governance, and various institutions shapeir

interactions (norms, common habits, established
LIN} OGAOSaz NMz Sazx flgasz
2002). Under this framework, many actors generate,
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and exchange knowledge related to innovation and its clean and renewable energy and by demand conditions
commercialisation. The sectorial innovatiogstem (Lema et al., 2020).
undergoes changes and transformations through a co

- ) ] The existing literature (e.g., Bhagavan, 1985; Desai, 1985;
evolution of its various elements (Nevzorova, 2021).

Pramesw NI yX Hnnno 2y LYyRALl QA&
There are several limitations of the SSI approach. Firstlywith Science, Technology and Innovation (STI) aspects of
interactions between various agents in the SSI are shapednnovation strategies such as research and development
by institutions at both sedral and national levels. activities and creating access to explicit codified knowledge,
Therefore, delineating between national and sectoral and technical efficiency, etc. h& innovation system
boundaries is not easy. Furthermore, distinguishing the combining a strong version of the STI mode with a Doing,
characteristics of these institutions (norms, routines, Using and Interacting (DUI) mode can provide a better
common habits, established practices, rules, laws, picture of innovative behavior of the firms (Jenson et al.,
standards) atboth levels is a challenge. Second, SSls are2007;Shekar, K. C., & Joseph, K. J., p022
also influenced by institutions at a global level. In some .
cases, the relevant geographical boundaries are global a@-g SyStem failure
well as sectoral and in such cases it is not easy to distinguish ) N .
y . .g As previously highlighted, the basic conceptual
the boundary between them. Tily, the relationship . ) . .
; o underpinnings of the Sl approach are, first, that innovation
between national institutions and sectoral systems could . . . L
) ) o i does not take place in isolation and interaction is central to
differ. That is, the same institution may play different roles

. . . the process; second, that institutions are crucial to
in different countries, and thus may affect the same ) . .

) o . ) economic behavior and performae (Smith, 1996); and
sectoral system differently in different countries. Finally

) . . third, that evolutionary processes play an important role,
the nature of relationships and networks differ across . .
. e they generate variety, select across that variety, and
sectoral systems and therefore it can be difficult and

produce feedback from the selection process to variation
complex to compare them to each other (Baskaran, and .
) creation (Hauknes and Nordgren, 1999).
Muchie, 2019).

Yy dzF

In all these basielements, systemic imperfections can
occur if the combination of mechanisms is not functioning
efficiently. This can translate into various types of system
failure:

No withstanding this, each of these components of a
sectorial system has itawn characteristics and its own set
of dynamics which are important to disentangle to
understand how innovation takes place. But each of these

elements is also part of a broader system in which the -
interaction among the parts drives innovation and change.

Sectorial systems studies also expanded to the analysis of
emerging and developing countries, as in Malerba and Mani
(2009), Malerba and Nelson (2011), Luz and Skliles
(2011) and Muchie and Baskaran (2017), in which the cases
of several sectorial stams in Asia, Latin America and Africa
are examined. More recently catelp by emerging and
new leading countries in different sectorial systems has
been examined by Lee and Malerba (2017 and 2020) and
has been associated with opening of windows of
opportunities and responses by firms and sectorial systems
in catchingup countries and incumbent countries (see in
this respect Giachetti and Marchi 2017, Morrison and

Rabellotti 2017, Kang and Song 2017 and Lee and Ki 2017).

The sectorial systems framework elso been adopted to
SEFYAYS [ Kidgd oaay OF G@KMRYSGD &
(Lema et al., 2020), such as solar photovoltaics (Binz et al.,
2020), wind energy (Dai et al., 2020), biomass (Hansen &
Hansen, 2020), and hydro energy (Zhou et al., 2020). In
these sectors, the windows of opportunity for latecomers

are primarily driven by institutional changes that favour

Infrastructure failure, where there is a lack of formal
institutions/institutional mechanisis as well as soft
institutions, social norms, trust, values that hinder
innovation.

Institutional failure, where there is lack of
networking/linkages among the different actors in the
whole ecosystem.

Network failure/Capability failure, which underscores
the absence of the necessary capabilities of the actors
to move up the value chain, adapt to new and changing
circumstances etc.

Directionality failure, where there is a lack of shared
vision, collective coordination, regulation, targeted
funding regardig the goal and direction of the
transformation process.

2 Benﬁ"ar?d'\'ﬁti%d(atioﬁ SaCRLHe2 lﬂﬁjséed by improper

anticipation and learning about user needs, shaping
innovation based on user needs, lack of instruments for
supporting useted and open innovation, nel
innovations/solutions not finding enough space in
public procurement.
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Policy coordination failure, due to a lack of mitvel FIGURE:Zriple Helix Model extnsion
policy coordination, horizontal and vertical

coordination, across and within different systemic m
levels; between regional ah national or between
technological and sectoral systems, etc.

GOVERNMENT

WShbSEAQGAGE FLEAEdNBEZ | a
the system to monitor, anticipate and involve actors in
processes of setfovernance (Woolthuis, et al., 2005).

INTERMEDIARIES

The systemic failes as presented above cannot be
addressed directly, or by one actor alone. If policy makers

ARBITRAGEURS
+ FINANCE

want to use the framework, they will have to address }
groups of actors to make changes in the innovation system S
possible. Consequently, as opposed to the marketifail HaTTUTIONs

approach for driving policy, a systems approach to
innovation is seen as more robust (Bergek et al., 2010).

By using the systems framework as a tool for analysis, policy
makers can identify: (1) where systemic failures occur; and
(2) which actors shdd be addressed to make change
possible. Most problems in the innovation system will not
be unidimensional but will consist of a complex mixture of

causes and effects and involve several actors. By using th ) )
transfer of knowledge are: opescience, property rights,

framework, priorities can be given to the mostringent ) i
obstacles for innovation and thus also serve as a guidelinehuman resources, projects of cqllaboratlve research and
to implement innovation policy. development (R&D) and networking among actors (Cohen

et al., 2002; Hanel & SRierre, 2006; Arza, 2010; Bekkers &
2.4 The Trip|e Helix (TH) Model Freitas, 2008; Ruiz, Corrales and Orozco, 2017).

i The triplehelix is effective in understanding the dynamics
Besides the systems approach, there are other tools that

. o o . . of innovation at the sectorial, regional, national or
have the potential to offer similar facilitation for innovation . . . .
) ) ) . international level, as it provides a wellaborated
at the sectorial level. The Triple Helix Model is advocated to

L . . . framework for understanding central inquiries in
be a powerful tool for linking universities to the rest. This . . . .
. . innovation processes, including a) What the ketoes are
can also be seen as a tool for operationalising the IS

concent. However. this might require setfium a broper and b) What the mechanisms of interactions are (Cai and
Pt ' 9 q Hﬂ@ prop Amaral, 2021)Traditionally, the literature on the Triple
framework at a low sale to set the foundation for the

) o i . Helix Model has focused on the relationships between
running of the system, which is expected to be inclusive and . . s '
. . ) ) universities and knowledgbased institutions (KBIs), firms,
socially embedded in the context of developing countries.

governments, andhybrid organizations at the intersection
This interaction between government, universities and of these three helices (Etzkowitz and Leydesdorff, 1995;
FANYa Aa | RRNBAaaSR Xoposedkys tieydedddrdf, $001). Eizkbviatz and PefriSstiorfLdeveloped
Etzkowitz and Leydesdorff (1997). This model is athe Triple Helix Model to explain the dynamic interactions
descriptive construct of the components, interaction between academia, industry, and governmehat foster
channels and functions or benefits of an effective NIS entrepreneurship, innovation, and economic growth in a
(Ranga and Etzkowitz, 2013; Santana, 2016). knowledgebased economy (Etzkowitz & Leydesdorff,

2000).

Etzkowitz (2002) states that interaction channels are
necessary when firms and government are related with
universities in knowledgbased economies. From a
gusiness perspective, the most important channels of

According to the literature, the scope and intensity of the
interactions between the three actors are reflected in
varying institutonal arrangements, referred to as Triple
Helix Type I, I, and 1l (Ape I, 1l and Ill) (Etzkowitz and
Leydesdorff, 2000; Etzkowitz, 2003, 2008; Ranga and
Etzkowitz, 2013).

In the TH Type |, the three helices are strongly defined,

with relatively weakA y G SNI OGA2yad Lyadidaidz
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nation state encompasses academia and industry andinfluences (Etzkowitz, 2017; Etzkowitz and Leydesdorff,
RANBOGa GKS NBtlFGA2ya 0802085 Fzkowitk Sy al., 0@ IThefes éntiepreneurialR
Leydesdorff, 2000: p. 111). New knowledge is producedactivities are assumed with regional and national objectives

only within universities and research centres. Hence; TH in mind, as wk as financial improvements to the university

Type lis largely viewed as a failed development model with and the faculty (Etzkowitz, et al., 2000). In doing so,

y2i Sy2dz3K NB2Y F2N Wo 2 (uaiveérsitiezldease toybk ivdry tdwerd SIBcbnnedtdd NS
GAYY20FGA2Yy 6+ & RAaO2dzNI 3 Ssklatedlfroin EoSiety, but iteract clésglyGnatdaidiisEy Sl ¢

(Etzkowitz and Leydesdorff, 2000, pg.112). To achievegovernment (Etzkowitz and LeydestfpP000; Etzkowitz et
AGFGAAG NBF2N) adKEennFdof i G &AfGdS3) wuX6en 0AdE LK S RRRBA2Y (2 GKS
down control and the creation of civil society where one is academic dimension, sharing knowledge among each other
fFO1TAYIE 060901 126A0G1T X HAnNollZyRIIAGNNAYHLY H I BN RE2S5a 0 KSINSESEEN
minimal direct connection to the needs of society, which in (Leydesdorff and Etzkowitz, 1998, pg.98), as well as

turn discourages the introduction and diffusion of increasing collatration with knowledgebased institutions

innovations inthe economy (Martin and Etzkowitz, 2000). (KBIs). Improved universitgdustry collaboration is

visualised through: i) an increased patenting output,

LI NI A Odzt F NI & +a GKS& NB | aNBLR
how the socially organised production of sdiéo

Triple Helix Type Il is characterised by decreasing direct
control of the state on the functions of Type | with a shift of

focus on fixing market failures. The mechanisms of oY o A i L
1ly26ft SRIS Aa AYUSNKFI OSR gAUK UKS

communication between the actors are stigly influenced
d 2004); ii) the increase in university revenues from licensing

by and deeply grounded in market mechanisms an )
innovations (Nelson and Winter, 1982; Bartels, et al., 2012)_(Perkmann and Walsh, 2007); iii) a greater proportion of
industry funds making up university income (Hall, 2004);

The point of control is at the interfaces (Leydesdorff, 1997) ) - ) i
and consequently, new codes of communication are and iv) the diffupn of technology transfer offices, industry

developed (Leydesiff and Etzkowitz, 1998b). Research is collaboration support offices and science parks (Siegel et

also carried out outside universities and research centres.al" 2003, in Perkmann and Walsh, 2007, pg. 4).

As research becomes increasingly multidisciplinary andGoVernments therefore  create incentives through

applied, societal needs have a direct influence on it @ A Y T 2 NI Sffé beiwién Rrivestments in industrial

(Etzkowitz and Leydesdorff, 2000; Martin anakewitz, polici,esl S‘?‘TA po!icies, andfor qelica}te f‘nd brfllancecj i

2000; Ranga and Etzkowitz, 2013). AYUSNBSYyuA2ya U0 UKS auNXzOU dzNJ ¢

o . Phrased differently, there is a shift in the traditional role of
THE& LIS LL Oty oS -BREYHEASNBRSY o¥F kANB4STiks v ortAlrarey 27

AYUSNI Oir2zy aGry 6 KA OK LIS 2‘-FLd]£y%u xﬂﬁﬂlmﬁeEW§le§T$peII%&umésmﬁ
comRetitively ratvher than ,cooE)eratlver in their relations the three spheres universities, industry, and government

gAUGK St OK ? G KSNE 6090 imnariger { bvérlaﬂ" a{héﬂ tﬂe?r bo'uﬁ'ié?@s’b@c&fm% mgré% per?ngéble A
andcompare T 8 LIS& L YR LLZ dad lc&rﬁbl@x%etv@o&&éré&ﬁz’h&ﬁm tlec'sﬁév]&dpsanfdl@ld%als

the coordinating role of government while laissieare and ideas move around the thrdmlices, and synergies are

societies focus on theA productive forcAe f’f industry as: the maximised (Etzkowitz, 2002). Actors evolve_and assume

LINAYS Y20USN 27 SO2y2YAO EY%K a2:0Ad Np 5 R§E§§§E‘N§XHR y86 K&o
(Etzkowitz, 2008, pg.13). at the interfaces, for example incubators, accelerators,

However, in THype lll, the three actors assume each science parks, technology transfer offices, venture chpita
20KSNDRa NRfSa Ay (KS Avyail Xiinszange yebwbrks,dahdksEell Badital fuads (&Etskbviitz, I a
performance of their traditional functions. With the 2000; Etzkowitz and Leydesdorff, 2000; Etzkowitz, 2002;
emergence of THype |Ill, a complex network of Ranga and Etzkowitz, 2013).

organizational ties has developed, both rifal and
informal, among the overlapping spheres of operations.
The transformation of universities is of particular relevance.
After having incorporated research as an additional mission
beyond teaching, universities recognise their role in the integrated Triple Helix models, and how actors and

pursuit ofeconomic and social development (Etzkowitz and mechanisms cope with these factors (Sarpong et al., 2017).
Leydesdorff, 2000; Webster, 2000; Ranga and EtZkOW'th this regard, it has been notedahwhile the components
2013; Etzkowitz, 2008, 2017). Hence, universities take on

entrepreneurial tasks such as marketing knowledge,
increased technology transfers and the creatof spiroffs
and startups, as a result of both internal and external

The Triple Helix Model has also been applied to the context
of developing economies. Case studies document how
innovation and learning processes differ in developing
economies, what factors constrain the adoption of more

of the triple helix do not change, the intensity and quality
of their interactions are often weaker than in developed
economies (Dzisah and Etzkowitz, 2008). Generally, in order
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to address such challenges effectively, through taitband Intermediaries are recognised as actors that place
targeted policy interventions, there is the clear need for themselves in the middle of relationships between other
system level measurement. actors, or actors that facilitate the process of interacting in

. exchange relationships. Four roles of intermediaries
2.5 Towards an Analytlcal include: (a) consultant, priding information and advice in
Framework the recognition, acquisition and utilisation of the relevant
intellectual property and technological capabilities; (b)
The framework for analysis of the IICTSSI is grounded in theyrgker, brokering a transaction between two or more
literature, but it extends the traditional model in two main parties; (c) mediator, acting as an independentdhparty
waysand is referred to as Triple Helix Thpe IV) Type V' \yho assists two organizations achieve a mutually beneficial
Y. The THIype IV has the additional features of cojlaporation and (d) resource provider, acting as an agent
arbitrageurs (banks, financial institutions, venture capital \who secures access to funding and other material support
and angel investors) and intermediary organizations for the innovation outcomes of such collaborations

(industry associations, institutits supporting technical  (chunhavuthiyanon &ntarakumnerd, 2014; Chappin et al,
change and incubators), as well as diffused ICT in theyppg).

context of the fourth industrial revolution. o )
Nakwa et al, (2012) highlight the importance of

Arbitrageurs can be defined as venture capitalists, angeljntermediaries in transforming prexisting  interfirm

investors/ networks and knowledge brokers. They are pnetworks into more robust, dynamic, and sustainable

essential for the inavation process as it requires internal systemoriented networks. In addition, Nakwa et al., ()

and external knowledge for the development of new ideas, YRAOIFGS GKFG GAyGSNYSRALFNRSA L
business models and types of companies. As suchpgjicy level by channeling resources to industry; a brokering

knowledge brokers and venture capitalists fulfil this ro|e at the strategic level by linking triple helix actors; and a
requirement through the provision of links, knowledge boundary spanning role at the operational level by

sources and even technical knowledge so that firms can providingse@A 0S& GKFG FFrOAtAGIGS 1y26ft

improve their performance in terms of survival rate as well ) o . ) o
. Intermediary organizations are pertinent in facilitating the

as accelerate and increase the effectiveness of their i
flow of knowledge, technology, and skills among the actors

innovation processes (Zook, 2003; Baygan andOf the SI. Within this actor aro institution ortin
. L . Within this r group, institutions su i

Freudenberg, 2000). Their resource allocatiole is based . group pp. g
technical change (ISTC) proraoknowledge generation,

on the assessment of advantages in information technol devel " q ialisat
. - echnolo evelopmen an commercialisation;
asymmetries (Williamson, 1969, 1971, 1973) (Bartels, etal., gy. ) P o ) )
. . facilitators like industry associations establish and reinforce
2012, pg.7). However, information asymmetry and

Ay OSNI F AyGe OFy t8FR a2 NS/ 95 SEWes SYSON 2519 Prough newvarking:  np s &
. enablers such as industrial parks and incubators support
seeking to encourage the ergence and growth of L -
. . . with infrastructure, framework conditions, capabilities and
entrepreneurial firms need to devise ways that reduce

(NI yalOGAZY LINBot Svas o[ A IARIMGSPULRRA funders Galebg 2010 v 0 LG oOF y
said that a combination of both formal institutions and Table 2 below shows core actors, arbitrageurs and

(informal) cultural values can provide the proper incentives intermediary organizations by the function they perform in

to reduce transaction problems. Arbitrageurs are therefore the Indian ICT sector. These ftioos span across the

of vital importance as the innovation process requires innovation value chain, namely: knowledge generation and

internal and external intermediation (financial, knowledge, transfer; technology development, acquisition, and

transacting and investment), and as such, complement thetransfer;  product development; testing service;

traditional Triple Helix Mdel. commercialisation; and business development.

YoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

161 eydesdorff claims no eante or necessary limitation to three helices for the explanatiboomplex developments, but instead propeskat an Ntuple or
an alphabet of (20+) helices can be envisioned. However, in scholarly discourse and for methodological reasons, ongerextevidhmodels step by step
and as needed to gain explanatoryvper. (Leydesdorff, 2012).

17 Civil society comprising the activities of nestate organizations, institutions and movementsas in recent years emerged as the major force for change in
the realms of politics, public policy and society both globallylandlly. It is also recognized as an actor in the quadruple helix (Roman et al., 2020). Yet,
despite the crucial importance of this political phenomenon to the principle and practice of democracy, it eludes defimitisystematic understanding
(Anheier2004). The benefits of incorporating civil society within systems measurement, and hence policy craft include: i) trommbbitom-up insights,
particularly as civil society represents demaside perspectives, such as innovation users and conssirilpsupports the creation of social innovations, and
legitimation and justification for innovations; iii) promotes commitment to and ownership of a development agenda. Hovesyéite the aforementioned
benefits civil society comprises a heterogenegusup of actors who must themselves be approached differently and thezef@asurement is a challenge.
It would be important to note that participation of civil society should be included for the policy selection and impleioemiaicess.
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TABLE Antermediary organizations by function in the ICT sector

Function

Technology Development

Technology Transfer

Technology Acquisition

R&D

Knowledge Transfer

IP Protection

Infrastructure Development

Product Development

Human Capital Development

Business Development

Funding

Fundraising

AgendaSetting

Testing &Certification Services

Source: Letaba, Petrus (2019)

=a —a —a —a

= = = =] =

Knowledge based

institutions

LL¢eQa
bL¢Qa
LLLeQA
NIELIT

Science Park
Universityenterprise joint
research centre
Universityowned enterprise
centre

Centre for Development of
AdvancedComputing(G
DAC)

Centre for Development of
Imaging Technology {0IT)

National
Telecommunications
Institute for Policy Research,
Innovations &
Training(NITPRIT)

Electropreneur Park at Delhi
University

LL¢Qa
bL¢Qa
LLL¢Qa
NIELIT

STPI lIoT OpenLabCoE
STPFINBLUE

STPI NEURON

STPI MOTION

STPI Apiary

Universityenterprise joint
research centre

Ministry of Education

Universityenterprise joint
research centre

Kohli Center on Intelligent
Systems (KCIS)

1
1

= =A

Government

National Informatics Centre
(NIC)
MEITY

MEITY

Society for Applied
Microwave Electronics
Engineering & Research
(SAMEER)

MEITY
Ministry of Education

Copyright Office

Software Technology Parks
(STP)

Software Technology Parks
(STP)

Electronic and Computer
Software Export Promotion
Council (ESC)

Software Technology Parks
(STP)

Ministry of Education
Ministry of Electronics &
Information Technology

Ministry of Electronics &
Information Technology

SemiConductor Laboratory
(SCL)

Telecommunications
Standards Development
Society, India (TSDS)
National Accreditation Board
for Testing and Calibration
Laboratories (NABL)
Standardisation Testing and
Quality Certification
Directorate (STQC)

= -

=) =] =

=2 =4 =4 -4

Intermediaries

MAIT
NASSCOM

TIFAC
NASSCOM
T-Hub

NASSCOM

Geospatial Information and
Technology Association
(GITA)

Internet and Mobile
Association of India (IAMAI)
Association of Competitive
Telecom Operators (ACTO)
India Electronics &
Semiconductor Association
(IESA

Data Security Counaf
India (DSCI)

IKP Knowledge Park

STPI Virtual & Augmented
Centre of Entrepreneurship
(VARCOE)

NASSCOM CoE loT
NASSCOM CoE DSAI
KSUM

K-TECH Innovation Hub

KSUM
IKP Knowledge Park

NASSCOM

National Cyber Safety and
SecurityStandards

Arbitrageurs
(VCs, Angel Investors,
NBFCs)

Eagle Ventures

Indian Angel Network (IAN)
Kalaari Capital

Indian Academy of Venture
Capital (IAVC)

= =4 —a —a

1 State Bank Institute of
Innovation & Technology
(SBIIT)

1 ICICI Bank
 HDFC Bank
f SBI Startup Bank
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Compared to the Triple Helix Type Ill, our augmented technologies through support infrastructure and

version of the model also gives prominence to the fourth regulations Kucirkova, 2019)

industrial luti 4R d digital t f ti . » . .

It?w us r:iIC'Ir'eV(')rrl: on h(th ) an q flgf é_lt | .ra:cns orr:a |ond The adoption of the 4IR andgiial transformation requires
roug S- fhroug . © spread ot digitat informa |o.n an investments which could be satisfied with the help of

ICT, a new technological wavedaa new corresponding

arbitrageurs such as venture capital (Deloitte, 2018a).
mode of development has emerged (Perez, 1983; Freema . . .
) _ .. Innovative technologies are becoming more prevalent and
and Louga, 2001; Mowery, 2009). Innovation activities

. venture capitalists are making even greater investments in
shape and use ICTs with lagged but often large effects on o .

o ) ) ] them. Venture capital investments in 4iétused startups
productivity and innovation in both developed and

. ) ) have steadily increased, both in terms of size and number
developing econoies (Paunov and Rollo, 2016; Hjort and o o

Poul 2017). The ch s th h which [CTs aff ?f deals. Globally, venture capital investments in this arena

ouisen, ). The channels through whic sa ecgrew,from ap%roximate'l}/‘EUS$Y6((j)0 million in 2014 to US$

T_7\_ NJY 3 Q LINB RdzOUA@AGE FyR __}\ YXC? bglllllor%J 5\1 (¥L6, Ifemizsenting a2f48°/<})\ H&Gﬁ Z(Dellcl)il)(e!?
difficult to disentangle. For example, ICTs can facilitate

access to information and knowledge, fosteyilearning

and knowledge flows, or ease communication among firms However, venture capitalists need to be mindful of
and SSl actors, thereby promoting collaborative projects. Toconservative and riskverse investment strategies that fail
make the most of these new technologies, countries have to consider a broad range of promising investments bias
put in place several policies. However, often their design towards companies in specific narrowly definedustries.

2018).

2F0Sy

does not takdull account of the local environmentinwhich +/ & aK2dzZ R y24 O2yFtlF 4GS aNnal @

actors operate, suggesting a potentially large role for 2021). Regular communication between arbitrageurs and
evidencebased policymaking in this area (Koria et al., especially with industry and other actors such as KBls,
2014). government and intermediaries can help VCs understand

. the dynamics of the stor and invest accordingly.
Today, ICTs are at the center of what many believe to be

the Fourth Industrial Revolutio(4IR) (World Bank, 2016). Due to the rapid changes in technologies linked to digital
Each of the actors in the Triple Helix Type IV has a specififansformation and the 4IR, firms require the support of
role to play in the context of the 4IR. Using analytics and intermediaries as knowledge brokers. Intermediaries can
data, the 4IR allows firms to identify new opportunities, ensure that knowledge spillover processes are more
expand their businesses and tap into new markettR indusive for firms and thereby contribute to developing

technologies enable firms to increase their productivity, their absorptive capacities. In addition, intermediaries have
provide better customer experience, and optimise a vital role in building efficient technology transfer systems
resources. between actors of the system of innovation (Karlsen et al,

022).
Universities have a great role to play to make the 4IR a )

reality, particularly through fostering the development of In light of the above, utilising the Triple Helix Type IV for

future skills a well as acting as test beds for new measuring the ICT Sectorial System of Innovation (IICTSSI)

technologies. The role of the government in the context of provides an evidenecbased framework for identifying
the 4IR is to facilitate the adoption of emerging barriers and priorities, leading to the articulation of p@i
and targeted short, medium and loxigrm interventions.
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{ dzZNISé aSiK2R2f 2368

The Indian Information and Communication Technology intermediaries (INT) and industry (IND). The executive policy
Sectorial System ofnnovation (IICTSSI) Survey has beencommunity, essentially the government (GOV), is represented by
conducted to obtain a holistic view of the SSI as a basis fohighlevel offtials (national and state level) in the relevant public
evidencebased innovation policy for the ICT sector. The ICTinstitutions that are directly or indirectly responsible for
sector is one out of the five sectors surveyed under the sectorialinnovation in the ICT sector. Knowleeggsed institutions (KBIs)
system of innovation componénf the National Manufacturing — are represented by the heads of university faculties/
Innovation Survey 20222, departments from tle disciplines of engineering, technology and

Essentially, two basic forms of data collection exist, those withinnovation, thinkianks, as well as both public and private
and those without an interviewer, or, phrased differently: research institutes (RIs). Arbitrageurs (ARB) comprise the
interviews and selidministered questionnaires (De Leeuw, venture capital, angel investors, and banks or other financial
2009 in Dilman ed). Interview surveys can either be institutions and are represéed by their respective heads or
administered in person or over the telephone. There is a greatSeNor  management.  Intermediaries  constitute  industry
deal of variation in the use of these methods across Countries’associations and institutions supporting technical change such as
due to technical reasons, lack of infrastructure, or cultural norms "égulatory bodies and are represented at the managerial level.
(Dillman, 1978; Dillan, 1998). Sebidministered questionnaires ~ 1he industrial community is representégt the CEOs of firms
take on many forms and can be used in group or individualfrom the ICT sector.

settings. A welknown example of a sefidministered  Procedure:

guestionnaire is the mail survey, and its computerized b2FANY | OG2NES yFYSta Dh+s Y.LZ Iy

equivalent, the Internet survey, which is thearrent norm b 02y@SYASYOS oF&aiad | FNFYS 41 &

(Raziano, et al, 2001; De Leeuw et al, 2003). Often FAGK | NP dzy R WANXY NBEOSONKG 68 KAy Dh
combination approach is used, particularly when there is the Gpnos lwbeopyaol RAOK 6Fa GNBIGSR
need to ask sensitive questions. All the taxonomical approaches(.J KS A1 YLX SO {FYLXAY3I F2NJ FAN¥A ol
mentioned are respondent orientated, and the method choice is AGNY GAFASR N}IyR2Y &FYLXAy3 FONRA
complex and based on a delicate balance between the quality Ofi SNNRG2NRSaS (KS FTAOS 5S00G2NES A \
the data acquired, time and costs. 450G2NE FNRYRAKGNAEGARYFBAATAON GA:
The Internetbased approach was chosen in line with the 6 v nny 0 | yR GKSANI NBaLISOGADBS FANY
NBIa2yAy3 2F Y2NAIZ S Ff0ZoowamybBARKE @ FA G dNY 2 WISREY A ¥ BB (!
the budget, internet surveys n@over a much larger sample size Sj dzA LIYSy i 2NJ SYLX 28 YSy i o
than the conventional mail survey (Berrens, et al., 2003); ii) the¢ KS &l YLXAY3 FN}YSOoHR2NYSRNFNE OGAK
time dimension associated with conducting wedised surveys d yydd t { dNIEBE { 2 T s VFRIGZYEBNR §K S / Sy
is much lower in comparison to other forms (Cobanoglu et aI.,a 2yAG2NAYI LYRAFY 902y2Y8Qa o/ al
2001); iii) the quality of retrieed data is higher in terms of non oHmMlyd YR GKS 5SLINIYSYd 2F { OASY
response and the ability to include conditionality in a discreet 5 x \ BOGMNBD GO A AMK | G2 GiHeS 27 BuiyASt oSdin
manner (Olsen, 2009); iv) a higher reliability of data is achieveq_ YR I LILI NBE ASO02NE FFAOSNI AF YLK A
due to the reduceAd ,need for data entry (Ballantyne, 2004, andé1 INDSESR® ¢KS GFNBSG LRLUAIGA2Y A
adF¥zz Su lafebd, 2012.1py8)fandovy BeNY ¢ Ny dNER A dzo INRdJE 2NJ AGN} G = o
emergence of the COMI® pandemic restrictions during the LR AAAGESS FyR F2NX¥ Ydzidzffe £
implementation phase of the project which limited fetoeface AGNFAOL A2y oAttt ya2NXFtta 3IAGS NI
i K |

interaction. SNNRNE WENYOAFHSR alYLXS 27 5§ a
3.1 Samp|e Selection 7} U Llaaa (),f S 02 VS YVéAdZN‘BA UKl u U KSNB VI'
) ) ] R2YlI Aya 02 LINR2RdzZOS NbadZdua 2F I O
As per thedTheoretical Framewoéchapter, the ICTSSI Survey Lidh 6 8T (dNY2OSNI FyR Ayo8adysyd
focuses on five core actor groups, namely: government (GOV)S | dZA LOWB v 4 WIS (&{Sa 9 | RB T dzi BRA 0
knowledgebased institutions (KBI);arbitrageurs  (ARB); - J - 7oA . - A . i A~ oA
OFtOdA FdS FTANY aals Fa ftAauSR 0SSt

1212 Y %Y Y2Y2 Y Y2YY Y2 Y2 Yo Yo Yo Yo Yo

BTheexpres@iy G LI Fyd FyR YIOKAYSNE 2N SljdaLlySyidé 2F G(KS SydSNLINMahEEcomek £ £ KI @S
Tax Rules, 1962 framed under the Income Tax Act, 1961 and shall include all tangible assets (other than landnanduibuildre and fittings):
https://msme.gov.in/sites/default/files/IndianGazzate 0.pdf

19 Data on turnover and investment in plant and machiner equipment is inflatioradjusted usingCPMwith base year 2015. Investment in plant and

machinery or equipment values are adjusted for depreciation Binttheir net values.
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FIGUREFirm size classification
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The Government of India notification mentions that: If an ensured. Consequently, the outlined approach was utilised
enterprise crosses the ceiling limgpecified for its present  to maintain a level of rigour in the selection of enumerators
category in either of the two criteria of investment or from the Indian knowledgbased and tehnical
turnover, it will cease to exist in that category and be placed institutions, as compared to standard data collection firms.
in the next higher category but no enterprise shall be placed The merits of the approach are outlined below:

in the lower category unless it goes below theliag limits
specified for its present category in both the criteria of
investment as well as turnover.

Selection of enumerators and retention

Criteria: Given the highly technical nature of the

information collected it is imperative that the selected
In some cases, employment data was used as a proxy for

firm size and the firms were reclassified post the survey. enumerators were able to:
Largec 200 + employees (Kapoor., ) p.113° _Comprte.:hend the specifics of innovation and systems of
innovation.

Medium¢ 50 to 199 employees . . . .
Effectively communicate innovation constructs to the

Smallg 20 to 49 employees

Micro ¢ 0 to 19 employees (Kapoor., 2018, p.12)

Limitations:

The data collection was impacted due to the covid crisis
as businesses were closed. This has affected the survey
response rat to some extent with an overall response
rate of 78.55%, a firm response rate of 39.04% and non
firm response rate of 115.50%.

Absence of a baseline for evaluating the performance
of SSls in India as there are no prior surveys conducted
along the sametties.

target respondent.

Guide the discussion as and when required, based on
some degree of understanding and exposure to
innovation in the sector, which will also enable them to
support data analysis and reporting.

Demonstrate experience in data collection and
therefore be able to extract nuanced information.

Communicate in the relevant regional language of the
focus state; and

Summarise the findings and participate in further
analysis of the data to support the UNIDO team.

The classification of firms into large, medium, small and Enumerators were trained on systems d@inovation,

micro is only a rough estimate given that the universe technical aspects related to the ICT sector and data
is a combination of 3 databases with the absence of collection techniques with the Lime Survey® interface. In
similar parameters to measure firm size. order to ensure data quality, Lime Survey® enables real
. time tracking of enumerators to the respondent level
3.2 Data Collection through the back end. lalso signals when surveys have
been partially completed. The fact that an online interface
is being used means that there is zero transcription error,
that is, once the response to a question is given it is

Due to the technical natre of the data to be collected it is
imperative that the quality and integrity of information is

YoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Ve
20Small firms are defined as those having less than 50 employees, medium firms kB9 &Mployees and large firms are defined as those having 200 or
more workers.
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automatically updated to the database. In additj spot interviews. The Lime Survey® tool is an advanced online
checks from the response data are randomly taken to survey system. The outputs from the verification protocol
ensure data quality at the level of each individual were uploaded into the Lime Survey® system and individual

enumerator is being maintained. tokens were assigned to each target resgent. This
L restricted survey access solely to the targeted qualified

3.3 The Data ACQUISItIOn Survey individual respondent, therefore greatly enhancing the

Instrument (DAS|) fidelity, reliability and validity of the results obtained.

As previously mentioned, the [ICTSSI Survey was launched
remotely oncethe initial critical mass of target respondent
contacts had been gathered. The survey was remotely and

- . non-intrusively managed via the Lime Survey® interface.
provenance of the earlier iterations of the tool can be found lectroni ind N t to the t X
. . ectronic reminders were sent out to the targe
in the Ghana, Kenya and Cabo Verde National System o? 9

. . ts who h I tiall let t
Innovation Survey Reports (Bals and Koria, 2012, 2015; responger; s tW ﬁ Ta: only: parially cc;mpl.te tec(lj ubo th
Koria, 2019). The current iteration, DASI, saw the responded at &t IS process was factitated Ly the

. . e . structure of the Lime Survey® baghkd, as the system logs
introduction of new actoispecific questions to support ] .

. . the exact date and time at which the survey was accessed
measurement at the sectorial level and to provide better

L . and to what degree it was completed.
insights at the actor level. This enhancement of the DASI 9 P
allows for greater accuracy and impact of the policy For those who had rnoaccessed the survey for a long

The Data Acquisition Survey Instrument (DASI) for the
IICTSSBurvey was created using an interative matgp
process, and currently stands at its fourth iteration. The

recommendations in the shortmedium, and longterm. period, a follow up was made telephonically to monitor any
. . . potential technical difficulties. Once responses were
3.4 Survey Operatlonallsatlon completed, they were automatically uploaded into the

survey response database. On completion of data
The launch of the survey was accomplished by using a y P P

L collection, the survey responses were analysed with the
combination of both the free opesource software tool y resp Y

. . planned statistical analysis in mind. Figure 3 shows the
Lime Surve® as well as, where possible, fdoeface . . .
steps associated with the data collection process

FIGURE:®perational Methodology

Create Database of Respondents Conduct Fac#o-Face Interviews
v
Verification ofDatabase Multiple Electronic Reminders
v
Survey Creation Review Responses
v
Launch Pilot Survey Analysis

Sensitisation of Respondents Reporting

Launch Survey

35 Secondary Dat&ollection policy documents, government budget statements,

development strategies and action plans at the national
In addition to the primary data collection undertaken, it is and sectorial levels. The purpose of analysing these
crucial to gain a view of what is being presented in the form documents was to gain an understanding of the policy
of secondary sources at the sectorial level, particularly direction that the Government of India is taking with
those from the government. The secondary sources that respect to innovation in the ICT sector. Phrased differently,
were analysed comprigl qualitative material consisting of is there convergence or divergence between what is
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presented within policy documentation from the actual sector experts and practitioners in order to understand
results obtained? The results of the anadyare presented  whether or not the observations were meaningful. The
Ay GKS awSadzZ Ga +FyR !yt @& a plaferm providedi & Nappdritnityi € lofient NER Ldghoidi &
. writing through linking the findings to specific case
3.6 Stakeholder consultation exanples as well as highlighting any supporting secondary

. - . research that may have been conducted at the national
In order to garner preliminary insights into the results i ) L
. . level. The process was important for the identification of
obtained from the survey, a stakeholder consultation was i o
. ) any potential outliers in the results.
undertaken. Resultsvere presented and discussed with
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al ydzF I QG dz2NAy 3 [ yRaO!I

4.1 Indian Information & I O02NRAY3a G2 bl!{{/haX Yy AYyRdzi

. . ) industry revenues have touched US$ 227 billion. In 2022
Communication TeChnOIOgy Sector: alone, the export revenel from this industry (excluding-e

Structure and Dynamics commerce) is estimated at close to US$ 178 billion. India
imported over US$2.4 billion in computer and electronic

Information and Communications Technology (ICT) hasequipment (NAICS code 334) from the United States in
been the sunrise sector dfie economy for a very long time  2021. According to Gartner, IT spending in India will

FYR LYRAFQA L/ ¢ AaSNBAOSE SiclestldyFo% & U3E301.6 billod i 20225 The domp@iE 6 i K

story like no other sector in the last three decades. India is software and hardware sectors attract the second highest
considered a pioneer in software development and a foreign direct investment (FDI) inflow; Between April 2000
favoured destination for information technologgnaded  and March 2022 it attracted over US$ 85 billion. Up to 100%
services (ITeS). The software exports of the countryfFDI is allowed in: datprocessing, software development
contribute 7.4% to the gross domestic product (GDP), and computer consultancy services; software supply
marginally down by 0.6% from the last financial year (FY)services; business and management consultancy services,
(Invest India and IBEF, 2022) and the ICT industrymarket research services, technical testing and analysis

contributes 13%. India aims to growet sector to US$ 1 services, under automatic routd. Y RA Q& L ¢ &LISYRA )

trillion by 2025 or up to 20% of the GDP (International Trade increased to US$ 101.8 billion from US$ 81.89 billion in the
Administration Country Guides, United St&s The FY 20204m 6 DI NIYSNE HAHHO® LYRA
industry has a 51% share in the global outsourcing marketservices exports grew to 49.67% in 2021 and currently tops
FYR O2ydNRoGdziSa pm: 27F L Yihidt KT séhicd dxforters. M dcéhlyiithe Shird- & NI
(Khurana, 2021). Revenue has been growing at a rate ofiCT services in sdces exports has grown from 9.3% in 2014
8.1% and close to half a million employees were added into 15.8% in 2021. Overall, global services exports have
2022 alone with a total of 5 million people in direct grown in value from US$ 5.31 trillion in 2014 to US$ 6.04
employment in the industry and another 7 million in trillion in 2021 (International Monetary Fund, Balance of
indirect employment. By value, in thEY 202222, the tleyYSyda {GFGA&AGA Gare s&vicesb 2 2 |
exports of software and IT services comprised the following exports grew at 17.2% to US$ 156.7 billion in the FY-2021
segments: business and financial services stood at US$ 61.42 after touching a record high of US$ 254.4 billion. Services

I Qa

a

0o |

billion, high technology and telecom services at US$ 24.33 2 YVUONROdziS nm: 2F LYRALFIQ&a § E LJ2 NI
billion, manufacturing services at US$ 26.3 billionandotherNR 6 1 K Ay &aASNBAOS SELRNI A& GKI Yy

services at US$ 37.2 billion (NASSCOM and Ministry ofjiobal share of ICT goods exports increased to 2.1% in 2020
Finance in the Economic Survey, 2@2). The export of  from 1% in 2014. The share of high technology exports in
telecom equipment reached an diime high of US$ 6652 |y RA I Q& YI ydzFlF OGdzNBR SELR NI &
million in the FY 20223 (partial data from Directorate  11% in 2020 (UN COMTRADE Database, WITS Platform).
General of Commercial Intelligen&Services; Department | y RA F Q& L/ ¢ 32 2rRadtimé kghafNIS®E NB
of Commerce) from the previous FY, 22, where itwas 8.9 billion in 2022 (see Figure 4 below).

US$ 3967.94 million.

12Y2Y %Y Y2Y2 Y Y2 Yo Yo Yo Yo Yo Yo
21|ndia- Country Commercial Guides, Official website of the International Trade Admtidstre/nited Stateshttps://www.trade.gov/countrycommercial
guides/indiainformation-and-communicationtechnology
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FIGUREA YRAFI Q&4 L/ ¢ J22Ra SELRNIA
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According to a survey of 1815 respondent firms out of 6115 Reserve Bank of India in the 2620 round, the distribution
software firms (with respondent firms accounting for 86.5% of services exports assmapshot and under various modes
of total software services exports) conducted by the of supply is shown in Table 3 below.

TABLES: Survey response and final estimates for 202Q ¢ A snapshot

) ONE NB U

Final Estimates

No. of companies 1,815 6,115
Total Exports of Softwar&ervices 8,58,608 9,92,141
i IT services 5,38,395 6,14,678
i Software Product Development 26,958 33,230
1 BPO Services 2,36,039 2,78,507
1 Engineering Services 57,216 65,726
Total Exports of Software Services (including commercial presence) 9,66,639 11,00,172
9 Mode 1 (crossorder supply) 7,46,650 8,62,661
1 Mode 2 (consumption abroad) 1,029 1,191
1 Mode 3 (commercial presence) 1,08,031 1,08,031
9 Mode 4 (presence of natural person) 1,10,929 1,28,289

* Responses by the largest 20 companies ensured industry representation in the survey coverage.

SourceReserve Bank of India Survey on ICT,-2020

Table 3 above shows the dominance of IT services, businessnabled services (ITeS ) contributed 65.3% and 34.7% of
process outsourcing (BPO) and engineering services irsoftware services exports€e Table 4 below) respectively.
LYRAIQa az2fidisl NE aSNWAOSa Rindnpthelmades of seipplkhmwd MITabI8 Nabove)d Bade | Y R L

1o 1o 101210 Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo
2/ 9L/ 5FGlo6Fas 2y L YitR&v@aceitdata corléhmRaEatornEid/dMNdisa-Yoods
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1 (cross border supply), Mode 4 (presence of natural account of the emergence of Mode 3 supply through skilled
person) and Mode 3 (commercial presence) are relatively migration routes like H1B work visa and skilled worker visa

Y2NB AYLERNIFYG Ay LYRALI @i Hrégidimed.SHowdrE esgliding MOHE BASU@IP ot KS A & a
of skilled technical personnel going to two major IT servicesO2 YYSNDAF f LINB&aSy O0Ss: LyRAI Q&

markets, namely the United States and Europe, arises onestimated at US$ 133.7 billion.

TABLE: Software services exports from India

201920 202021

|
Activity US $ billion* Share (%) US $ billion* | Share (%)

A.Computer Services 6,07,203 6,47,908

1 IT services 5,71,712 80.7 62.7 6,14,678 82.8 62
1 Software Product Development 35,491 5 3.9 33,230 4.5 33
B.IT Enabled Services 3,04,499 42.9 33.4 3,44,233 46.4 34.7
1 BPO Services 2,36,172 33.3 25.9 2,78,507 37.5 28.1
1 Engineering Services 68,327 9.6 7.5 65,726 8.9 6.6
Total Export of Software Services (A+t 9,11,702 128.6 100 9,92,141 133.7 100

Note: The sum of components may differ from total dustmding off.
* Using annual average Rupee/ Dollar exchange rHiese footnotes are applicable for all other tables also.

SourceReserve Bank of India Survey on ICT,-2020

.th &aSNBAOSE O2YLINAAS Y24 lareaafiorniageRok $periic sectoriS.{Tabls B batowEhavis
segment is weltlifferentiated in its profile of services, that the industrywise distribution.

TABLE5: Industry-wise distribution of ITeS/BPO services exports

201920 202021

- | uss$ =
Activity E - pillion SHEICECD)] -

BPO Services 2,36,172 333 77.6 2,78,507 375 81

1 Bu5|_ness con_sultlng servidesluding public 30,646 43 101 34,510 46 10
relations services

9 Finance and Agcountlng auditing bookkeeping 41,867 5.9 13.7 43.223 5.8 12.6
and tax consulting services

9 HR Administration 1,527 0.2 0.5 1,685 0.2 0.5

1 Supp!y chain and othenanagement services/ 1211 0.2 0.4 1,139 0.2 0.3
logistics

9 Medical transcription and document 4172 0.6 14 5365 0.7 16
management

1 ConFen_t development and management and 2179 0.3 0.7 1,949 0.3 0.6
publishing

i Other BPO services 1,54,570 21.8 50.8 1,90,636 25.7 55.4
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Engineering Services 68,327 9.6 22.4 65,726 8.9 19

1 Embedded Solutions 7,198 1 2.4 10,550 1.4 3.1

1 Product_DeS|gn Er_lglneerlng (mechanical 25.350 36 8.3 29.996 4 8.7
electronics excluding software)

1 Industrial automation anénterprise asset 1,811 03 0.6 1,702 0.2 05
management

i Other Engineering services 33,968 4.7 11.1 23,478 3.3 6.7

Total 3,04,499 42.9 100 3,44,233 46.4 100

SourceReserve Bank of India Survey on ICT,-2020

Supply chain and other management/logistics services havewithin the semiconductor industry has potential, in terms
a 0.4% share in global service exports and are valued at US8f agile manudcturing and & printing methods. The move
0.2 billion. Supply chain is witnessing growth in areas liketowards overcoming raw material shortages and other
shipment tracking and visibility. One example of this in India shortfalls in capacity have been addressed over the last
is WheelsEyean appbased online truck booking platform  five-year plan period and show promise for the prospect of
for SMEs with verified drivers to provide safe and leveraging digital manufacturing in the detesalised
specialised transport services. domain of IT products and services. Integrating Indian
. . . original equipment manufacturers (OEM) with flagshi
The BPO segment, with an entire share of services exports g ) q pd thei des i ,f.( ,) h 9 pd
. . . ._companies and their nodes in specific regions has emerge
at 33.3%, is dominated by other BPO services at a services P . P i 9 9
. . . as a mechanism of global production networks (Ernst and
exports shae of 218%, followed by public relations services ) ) )
. ) . Linsu Kim, 2007). In ith context, the ceevolution of
with a share of 4.3% of service exports, finance and ) ] )
. - . . software technology parks with IT service clusters is
accounting/auditing and boekeeping services at 5.9%. In >
. - . . . . necessary (shown in Figugés below).
terms of engineering services, industrial automation and
enterprise management has a share % with a value of  In terms of the organizatiowise distribution of software
USS$ 0.2 billion. services exports, Table 5 below shows that Bkewed in
. . ._favour of private limited companies. Although public
The areas of embedded solutions and product engineering . P ] p_ ) gn p
L . . limited companies are only marginally behind, the results
underscore the growing importance of IT services in the ) . .
. . . emphasise the nature of shareholding patterns within the
manufacturing context. For instance, the automotive sector

- . industry and their performance profile in terms of export
can see several crospplications of best prdices from the . )
. . . orientation. Table 6 below shows the key export
software industry. Particularly, embedded solutions refer _ .
to devices with software algorithms loaded onto the semi

conductor processing chips. The scope for innovation

TABLH: Organizationwise distribution of Software services exports

201920 202021
Types oforganizatiors / NE bl}:lﬁjﬁ ! bLifIiSoi SHEICECD))
-1 -6
Private Limited Company 4,77,264 67.3 52.3 5,25,194 70.8 52.9
Public Limited Company 4,25,027 60 46.6 4,44,682 59.9 44.8
Otherg 9,411 1.3 11 22,265 3 2.3
Total 9,11,702 128.6 100 9,92,141 133.7 100

*Others includes mostlyLPs/proprietor firms.

SourceReserve Bank of India Survey on ICT,-2020
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TABLE: Software services exportg Major destinations

201920 202021
SHEWCECD)) b&flﬁ): SHEICECD))

----
USA &Canada 5,29,334 . 5,57,187
Europe 2,51,812 35.5 27.6 2,98,932 40.3 30.1
of which, UK 1,22,259 17.2 13.4 1,42,670 19.2 14.4
Asia 64,183 9.1 7 66,573 9 6.7
of which, East Asia 54,246 7.7 5.9 59,429 8 6
West Asia 7,202 1 0.8 6,747 0.9 0.6
South Asia 2,735 0.4 0.3 397 0.1 0.1
Australia & New Zealand 27,625 3.9 3 31,054 4.2 3.1
Other countries 38,748 5.4 4.3 38,395 5.1 3.9
Total 9,11,702 128.6 100 9,92,141 133.7 100

SourceReserve Bank of India Survey on ICT,-2020

Table 7 above indicates the major export destinations as Table 8 below shows the modeise exports of software
the United States and Canada, followed by Europe (of whichservices. As stated above, there is a continued dominance
UK is a dominant part), smaller Asian economies and2 ¥ Wa 2 RS 2MWRSONBHAII 8 0 QY F2f f 2 5 SKR
Australia and New Zealand. There was marginal growth ony | G dzNJ £ AYRAQGARdzZ £ 40Q |yR Wa2z2R
a yearon-year basis from FY 2029 to FY 202Q1. Oft prea Sy 0SS0 Qo
site services delivery dominated the services exports at US$|_able 9 shows the activityise distribution of software
109.9 billion in FY 20120 to US$ 116.4 billion in FY 2020
business by foreign affiliates of Indian companies, both
21. Onsite services witnessed a marginal decline from US$ .
S L locally and to India.
19.5 billion in FY 20380 toUS$ 17. 3 billion in FY 2620.

TABLE: Mode-wise exports of software servicés

201920 202021

Us$ /| US$
Type ofmode Crore billion Share (%) - billion SHEICNCD)]

Mode 1 (crossorder supply) 7,72,967 109 75.1 8,62,661 116.2 78.4
Mode 2 (consumption abroad) 616 0.1 0.1 1,191 0.2 0.1
Mode 3 (commercial presence) 1,17,662 16.6 114 1,08,031 14.6 9.8
Mode 4 (presence of natural person) 1,38,120 19.5 13.4 1,28,289 17.3 11.7
Total 10,29,365 145.2 100 11,00,172 148.3 100

Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Y
23| bid.
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TABLE: Software business by foreign affiliates of Indian companies during 262Q IdiStdibatig ( &
0! Y2dzyii
Locally To India Other Countries
IT services 12,641 3,104
Software product development 448 62 149
BPO services 14,756 515 1,533
Engineering services 2,534 19 186
Other services 77,652 31,342 13,927
¢c2G1ft 0o ONEZ NB 0 1,08,031 32,486 18,899
Total (US $ billion*) 14.6 4.4 2.5
SourceReserve Bank of India Survey on ICT,-2020
4 2Adoption of Communications Spectrum allotted through the auction can be uded 5G
. . . or any other technology within the scope of the Access
Equment in India Service Licensén addition to the absorption of

communication technologies in the Indian context, other
The Indiartelecommunications sector is the second largest . m Iem nts are out |
Ay (KS 62NIR 6AGK mon oAt PRYSPMEMESERALIENEY Lyraraa veort:

economy has been driven by its widespread adoption, with 4.3 Ecosystem Elements of Indian
wireless subscriptions representing 98% of telephone use

and 788 million broadband subscrilser According to Information and Communications

Deloitte, India is expected to reach 1 billion smartphone |ndu5try

users by 2026, from the current 750 million. The country

has also emerged as the second largest manufacturer oflndia is one of the most preferred destinations, when it

mobile handsets in the wortd India scored 49.74/100 in  comes to settingup global capability centres (GCCs). In the

the Portulaa Ly aiAddzi$Qa b Sig2 RY 202k 540®RGLGszhave mprg Rah 2,800 GCC units in

improving its ranking from 88 in 2020 to 67 in 2021 out of India, employing more than 1.38 million fessionals and

130 countries surveyed. 2 | R@I y OS Ly RA lit gsaestipated had PVErOAS yew data centres will be
infrastructure, in May 2021 the Department of established by 2028, India secures 5th rank in the FTTH
Telecommunications allowed Indian telecom operators (Fibre to the Home) /Building Internet Subscriptions and Al

(Reliace Jio, Bharti Airtel, Vodafone Idea, and MTNL) to Scientific Publications. Investment in Softwa®a-Service

commence 5G trial§don-commercial 5G trials were (SaaS)#s increased by 62.5% over 2021 and is expected to

conducted with allocated spectrum in the rdéind (3.2 reach US$ 6.5 billion in 2022. There are 1150+ active Indian

GHz3.67 GHz), mmWave band (24.25 @85 GHz)and { +F { O2 YL} yAS&AT wmt 2F GKAOK KI @
the sub1 GHz band (700 MHz), as well as inzhelS NJ- {i 22N & bitér@et users have increased to 80 crore in 2022
SEAaGAYI &LISOGNHZYD Ly RAL Qafron 6cpome jn 201%wighghg Sodintrythavingnteeéeend (i K S
5SLI NIYSyd 2F ¢St S02 Y Ydzy A Obighesnynzper of infemet srilzsgripers if the wordy R dzO G

the auction in 2022, through which spectrum is assigned to
the successful bidders. A total of 72097.85 MHz of spectrumIndustry undertook over 290 M&As (mergers and

with a validity jeriod of 20 years are part of the auction, acquisitions) and over 280,000 employees were reskilled in

and it will encompass all available spectrum in 600 MHz FY 2022At 30:32% of industry revenue, digital revenues
(megahertz), 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 2100

MHz, 2300 MHz, 2500 MHz, 3300 MHz, and 26 GHz bands.
Yoo Yoo Yo Yo Yo Yo Yo Yo Yo Yoo Yoo Yoo Yo

24 Sourced fromhttps://www?2.deloitte.com/in/en/pages/technologymediaand-telecommunications/articles/tmipredictions2022.html

25 Sourced fromhttps://economictimes.indiatimes.com/news/india/ovet5-data-cerntres-spanningapprox13-mn-sft-to-boot-up-in-india-by-2025says
anarockreport/articleshow/93877275.cms?from=mdr

%] Wdzy AO2NYQ A& | LINAGIFGSte KStR adlNIldzad O2YLI ye @FtdSR i 208SNI ! {bP m O0AffA;
27 Sourced fromhttps://www.prnewswire.com/in/newsreleases/indiarsaasto-reachusd-100-bn-in-revenuesby-2026-saysa-new-report-by-chiratae

zinnow870451500.html

With their primary focus on digital technologies, the tech
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grew five times the rate of overall services growth (Invest in spending, outlined below, will reflect on the nature of
India). growth in the ICT industry.

The Government of India (Gol) has taken some major4 4 Trends in Spendlng in ICT
initiatives to promote the IT/ ITeS sector in India. Both

central and state governmentsalie taken steps towards IndUStry
developing technology solutions to digitally enable citizen In terms of the spending by the Indian ICT industry i.e.,
services. The government plans to focus on areas such as

b v h | i sificial inteli capital expenditure on procurement and investment in the
cydet;seckurrl]yj lygasc? T computing, at fficia mﬁe ',?fg;e’ FY 2020, the spending on communication services was US$
art ocke aln.n 'an telecom companies are ofieg 23 billion, which increased at the rate of 11% to US$ 24
(gigabyte) mobile data at US$ 0.086ne of the cheapest

loballv. By offeri ffordable data t h billion in 2021; This spemj is currently at US$ 24.55
globaly. By ofiering afiordable data fo consumers, he billion in 2022, as per advanced estimates. With respect to
digital infrastructure enables ease of access to services like

banking, governance and more. data centre systems, the expenditure was US$ 2.61 billion
’ in 2020, increasing to US$ 2.76 billion in 2021 and US$ 2.86
Under the National Optical Fibre Netwoil@PN), optical  billion in 2022. Similarly, for devices the sdamg in 2020
fiber in panchayats have increased from less than 100 inwas US$ 36.01 billion, increasing to US$ 41.04 billion in
2014 to 170 thousand panchayats in 2022. According to a2021 and US$ 44.13 billion in 2022. Regarding IT services,
Niti Aayog white paper, Al and neage technology will  the expenditure was US$ 16.35 billion in 2020, increasing
boost India's annual growth rate by 1.3% by 2035. The marginally to US$ 18.12 billion in 2021 and US$ 19.77 billion
Ministry of Electraics and Information Technology (MEITY) in 2022. For Software, the expenditure was US$ 7.85 billion,
NEfSIFaSR GKS abl GA2yl t { { Nihoie&sihgto 2S§ 9.19 bilRo® ih P0R1 akdyUS$ 10.21 biNdd R dzO S
fraud, speed up enforcement of contracts, and increase the in 2022 (United States International Trade Administration).

transparency of transactions.

4 5 Current Status of Software
LYy 5S8S0SY6SN) wnunz GKS D2L ONJ FGSR I { SOdzNR (i &

Directive on K S ¢ S $02 YYdzy A OF (i 4 2 y al SCHBRIDG¥ Paks ang ﬂﬁCHPHICS

supply chain security and avoid unsecure equipment in the \/]an ufacturmg hfrastructure

O2dzy tNEQa GStS02Y ySGg2N]l @ !'a LISNI GKAAE RANBOGAGS:E G(KS LyRAI
A2BSNYYSyild RSOt NBR | & ¢ NUZAsipS'Rof the inexatop ecrgysiem.Stiie keyneleReid (i ¢

list for Telecom Service Providers (T)SPsJune 2021, the  include the clusters (where the software technology parks

Gol launched a portal for the registration and submission of in India operate) and their distribution and conditions of

required documentation by TSPs and their vendors. U.S.their operation. Further, the relative absencef @n

telecom equipment and product suppliers must contact electronics manufacturing infrastructure, particularly semi

TSPs for supply and approval from the government on thisconductor manufacturing units, necessary to support these

portal tosell their products and services in Indlde trends  digitalisation initiatives with the deployment of new age
technologies is a major constraint.
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FIGURE: Softwaretechnology parks in India

INDIA
SOME SOFTWARE TECHNOLOGY F

Vishakhapatnai

Thiruvananthajs

Figure 5 above (Rao and Balasubrahmanya, 2017) showsf three years, allows for the establishment of common
the distribution of software technology parks in India. facility centres and electronics manufacturing clusters
Almost every state has one or more software technology through financial assistance. A further period of five years
parks approved under a special Gol scheme that providedfor disbursement of funds is envisioned under this scheme.
tax incentives ad other concessions. However, given the Further, the IT hardware manufacturing sector has yet to
condition of electronics manufacturing to support develop its potential due to the lack of a level playing field
hardware manufacturing i.e, to embed tailorade and  visavis other competing nations. As per industry
specialised solutions onto automation devices, there estimates, the electronics maifacturing sector suffers
remains much work to be done to address the hardware from a deficit of around 8.5% to 11% on account of the lack
sector,which was largely undeveloped until now. The key of adequate infrastructure, domestic supply chains and
constraints in this context are a poor electronics logistics, the high cost of finance, inadequate availability of
manufacturing ecosystem and quality infrastructure which high-quality power, limited design capabilities afatus on
iKS da2RAFASR 9t SOUNRYAOa adsehmdtF and (déxbpyhaht by dmustrg, Nds vied @ag H dn 0
{ OKSYS¢ 4+ & Ay iNERa®SdRlybuly linhdddudciestim skilh deve®pment. To position India as a
sheds and plug and play facilities for attracting major global global hub for electronics systems design and
electronics manufacturers along with their supply chains. manufacturing, there is a need to create an enabling
The role of supply chain management services under BPGenvironment for enhancing the global cpetitiveness of
services has been neglected in the past and will now havethe domestic hardware sector.

to be focused on while recovering from the onslaught of the CKS 4t NERdAOGAZY [AY1SR LyOSyGArss

VIBL ndemic. Th hem im forti he . . . .
co 9 pandemic e scheme aims to fortily the in 2021 with an incentive of 4% to 2% /1 % on net

linkages between the domestic and international market by .
- ) ) incremental sales (over base year) of goods manufactured
strengthening supply chain market responsiveness, .

L g . in India under the target segments of laptopablets, al
consolidating of suppliers, decreasinme to market, and

] - . o . in-one personal computers, and servers. A comprehensive
lowering logistics costs. The scheme, with an initial period .
programme for the development of a sewdnductor and
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display manufacturing ecosystem in India, with an outlay of initial investments in digital infrastructure at generating
US$ 10 billion, was announced in 2022 with modifications. data from each step of the manufacturing process is the
According to ths, fiscal support ranging from 50% for semi first step towards successful fidtale deployment of digital
conductors, display fabs and capital expenditure for setting manufacturing. The logistics and costs involved in such
up compound seratonductors/ silicon photonics/sensor automation have howevewitnessed adoption challenges
fab/and semiconductor ATMP (Assembly, Testing, Marking on the ground by a manufacturing sector that is fragmented
and Packaging)/OSAT (Outsourced Ssonductor in terms of composition and the ability to invest in basic, let
Assembly and Testing) facilities has been approved. Theralone critical, digital manufacturing infrastructure.

is a target to setip 20 such units for sensionductor
ATMP/OSAT facilities. For the sesonductor and display
fabs, the central government seeks to coordinate with state
governments to crei@ hightech clusters with requisite
infrastructure in terms of land, semsonductor grade
water, high quality power, logistics and a research
ecosystem to setp two greenfield semtéonductor and

LYRAFQa L¢ Of dza i SNBar@roatlgiR 2y (KS
South India, mainly Bangalore, Hyderabad, and Tamil Nadu.

However, the rise of Tier 2 cities (like Chennai, Kolkatta,

Pune, Vishakhapatnam, etc.) has further intensified the

trends in business process outsourcing services and

widened the rach of the revolution currently underway for

the past three decades. Integrating the electronics

display fabs in the country. For seotnductor design L .
i o . ) manufacturing infrastructure and ecosystem, creating an
companies, a design linked deployment incentive of 4% . . . .
. innovation ecosystem for digital manufacturing

on net sales for a period of five years has been allowed, in . . .
technologies as well as a research and innovation

adflltlzndtc; flzggual ellssitartlce.dThls support ,IS bfelng ecosysem with Centres of Excellence (CoE) therefore
extended to serrtonductor design companies for NEYIAYy 188 G2 Syl ot Ay3 LyRALI Qa

integrated circuits, chipsets, Sgm on Chips (SoC . . . g
g ' P " 4 i P . ( ) revolution. The current technological trajectory is likely to
systems and IP cores and sesoiwluctor linked design. The - . . . -
reveal greater insight into the potential for integrating

target is to build 20 such companies with a turnover of INR . . . . . .
9 P digital manufacturing services infroduct manufacturing

1500 crore in the next five yeds In terms of the
i i to promote embedded software, as well as enhance the
development of supply chains for electronics
scaope for hardware manufactunngiln the Jndlaén context.

manufacturingfor AR IKSNJ @I t dz§ I RRAGAZ2Y S | a{O
Promotion of Manufacturing of Electronlc Components and /. 6 Technologlcal Trajectory of
Semi/ 2y RdzOG2NRARE 6| t@ niakeNiddli% &R

VRV QE " 27061 NB 9ELR

¢tKS G(SOKy2f23A0Ft (NI}2SO02NE 27
primarily geared towards the services component. A lot of
addzRASa FGdNROGdzGS GKS AINRGGK 27
case of benign neglect by regulators (Arora and

The scope of engineering services, particularly product Gambardella, 1990). The guided nature of typical

services engineering, requehe creation of an ecosystem technological trajectories is therefore not igent in the

to promote stateof-the-art technology in Al,-B printing, Indian case, where growth of this industry has been more

and agile manufacturing to enable the promise of digital organic. However, concerted regulatory efforts, discussed
manufacturing in the ICT industry. There is the need for above, aim to provide greater incentives to activities like

greater integration of academic institutions, resela semiconductor manufacturing, which are critical to any

institutes, firms and startups working in niche and nage growth in the provision of embedded solutions, particularly

ICT service segments with a tailoade focus of solutions  engineering services in product design. The development of

in specific domains (healthcare, etc.) to open up the BPO services, especially engineering and product service
potential for knowledge spillovers. The orientation of engineering, however nascent, underscores the need for

activity around these doware technology parks can be and Industry 4.0 technologies to enhanttee digital maturity of

is currently being enabled using the cluster principle. organizations using statef -the-art digital automation.

Advances in digital manufacturing can only buttress the While the developed countries have also been unable to
increasing first generation digital automation of deploy digital manufacturing in large measures, due to
engineering and servideased industries and therefore, competitive and pricing pressures that become evident in

significant design and manufacturing hub for electronics in
the global value chainvledia reports sugest that major
private players like the Tata Group and Vedanta Group are
planning to make investments in sewgonductor
manufacturing in India over the next few yeé?s.

VoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

28 Sourced fromhttps://economictimes.indiatimes.com/smabiz/smesector/with-rs-76000crore-pli-schemeindia-setto-action-its-semiconductoifab-
vision/articleshow/88848107.cms

29 Sourced fromhttps://news.abplive.com/technology/tatssonssemiconductormanufacturingindia-chairmannatarajanchandrasekaraiglobalchip-
supplychain1568657
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the curent stage of the service segments that digital in relation to the BPO services industry. Figure 6 below
manufacturing services operate within, developing country shows the current stage of evolution the BPO services
firms struggle with basic automation to leverage these industry is at in terms of thergineering or manufacturing
solutions. For this, understanding the BPO servicestransformation. According to NASSCOM (Avasant
evolution is a necessary context for howgameering or Engineering and Manufacturing Transformation
manufacturing transformation can take shape. Cloudification Approaches Critical Mass, 2022), we are
currently.in Stage 2, where better business outcomes are

nor 902 f dzi A 2 )/ 21 clentl‘){; a\)olh d@tﬁyed solugonh dfiven bt/ p%cess
Services in Terms of Engineering Or expertise, a feature characteristic of this industry. The

M facturi T f ti . future of growth and innovation involves finding new
anutacturing fransrormation in sources of value from datied solutions, particularly in

Indian ICT Industry areas of emerging skill sets as traditional jobs audte. A

lot of support institutions and infrastructure like cloud
For the management of engineering or manufacturing computing digital manufacturing routines become
transformation, we first have to ncentivi the features important in this context.

typical to each stage of the evolution that become apparent

FIGUREB: The evolution of BPM sources

Evolution of BPM services

Stage 3: Growth
and Innovation
(The future)

1 Finding new sources of
value
1 Date-led solution

Stage2: 1 Driven by hareo-find skills

Business 1 Scoped by enterpriskevel
date flows

Outcomes 1 Technology as a

(2010upto Better business outcomes competitive differentiator

today) Digitated solution i Performance and value

Driven by process expertise driven pricing

=4 =4 —a - -

Stage 1 Endto-end process scope T Supplier as ecosystem
ost Hybrid of effort and orchestrator

S performance pricing
(upto 2010) Cost savings & efficiency 11 BUSiness partner relationsh

Offshoreled solution
Functionalactivity scope
Enabling technology
Effort-based pricing
Clientvendor relationship

BusinesssrvicesValue Proposition

=A =4 =4 =8 - =4

Businesservices MarketMaturity

SourceHFS Research in partnership witASSCOM, 2022

4.8 Status Of Digital Manufacturing information obtained from the dataich and at he same

. time intensive manufacturing processes and other
Infrastructure and Artificial operations of the target industry, where it is sought to be

|nte||igence Ecosystem implemented. The global cloud market is expected to reach
US$ 100 billion in 2030 (NASSC@Wasant Engineering

Though the traditional service profiles comprise the and Manufacturing Transforation, 2022) and will

o O0l102yS 2F LYRAIQa SELR NIébntinléto Nave@ aoNBle JiGildAdHIoveRthednbxd ifd tdl A 2 v &
under various modes of supply, there is the need for seven years. Applications with higher computing and

creating new emerging niches to support digital collaboration requirements, such as design systems, are
manufacturing infrastructure. In this context, the global expected to move to the cloud faster in the shoto

cloud serves as the powerhouse that contains the mediumterm, while manufacturing and operations
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systems will pick up pace in the lotegm. Industries like  Due to the status of manufacturing as a business process,
automotives, manufacturing, healthcare, and life sciences, India accounts for 40% of the global sourcing spend in
with high product innovation requirements are ahead in respect of such services (NASSCOM, The Evolution of BPM
adopting the cloud for engineering and manufaghg services: Cost, Outcomes and Growth, 20Z8 future of
operations with the share of services in the cloud market BPM is performance and vahgkiven with a key emphasis
being 2732%. The role of service providers has become on skills, particularly probleraolving and soft skills. Finding
critical as a key enabler in the adoption of cloud services fornew sources of value remains key in this context, while the
this purpose on account of the pressing need for businesscreation of infrastructure such as cloud computing remains
innovation, faser product roltout, and cost containment.  important for digital manufacturing transformation.

FIGURE: Estimated global cloud market

The Global Cloud market for engineering and manufacturing operations is expected to reach o$50lion by

2027 and over U$105billion by 2030
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SourceNASSCOIg Avasant Report, 2022

bt {{/ha Ay AG& NBOSyil NBLI? bfjanizatiomLi A T T€hnbldgy, L y (intetlid A 3 &30S DI Y S
/ KFy3SNaY | O0St SNI GAy3 30y Reélecommiunidations toyipfige@V%i df the dase studiasHowm 0

outlines the prospect of value addition to the extent of US$ industry verticals, followed by manufacturing and industrial

5055 billion in the case of telecommunications and automation at 18%. Al powered operatioriatelligence is

information technology (NASSCOM Unlocking Value fromin use to predict failure probabilities of machines accurately

Data and AlThe India Opportunity, 2020). India has 5 and recommending risk mitigation plans. Eugenie Al is an Al
YATEA2Y 62Nl SNAR Ay ! L I YR péweredLdpeiational fijire Miteligénke salution,{whithy ¥ 2 NRQ &
Global Al vibrancy ranking and acese thnclusivity analyses streams of data from multiple sensors from
parameter. India is ranked 8th in terms of patent filings on multiple machines at huge volumes and speed. It uses this
Al and 45% of companies have increased their adoption ofdata to predict accurate failure probabilities for each
Al which is favourable by global standards (PwC report,machine and recommend mitigation plans. Diagnostics are
2020). Of these, 50% of companies are startups which is arprocessed on a redime basis free from human
encouragng sign for the future of digital manufacturing intervention and conduct a root cause analysiss one of
technologies, services, and product offerings. From a total the leading examples of cost saving and greater operational
of 300+ Al case studies outlined in this report, startups and efficiency. With these advantages, it has also led to
enterprises were major contributors at 44% and 43% decreased greenhouse gas emissions. Cases of the
respectively, with the remainder 9%6om academia, and deployment of such manufacturing technologies abound,
4% from government and  negovernmental but the challenges assiated with adoption remain.

YoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

0! NIAFAOALFE LydSttAaA3ISyOS DIFYS /(RRWYISNEY ! OOSESNIGAYI LYRAIF 6AGK LYyy20l (GA2Yy:
https://digitalindia.gov.in/writereaddata/files/NASSCOM%20A1%20gamechangers%20compenditt262021%20edition. pdf

31 Sourced fromhttps://www.pwc.in/consulting/technology/dataand-analytics/atian-opportunity-amidsta-crisis.html
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t2f AO& [ yYRaOl LIS

Information and Communication Technologies (ICTs) have5_1 Core Policies of the ICT Sector

been a key driver of economic development and social

transformation in both industrialised and developing Globally, India has bncentivizised as a knowledge economy

O2dzy tNKASa F2NJ 20SNJ 62 RS OHUR HitPimprdsSve 1CE MBluRry. . Theyem&dencé af aNI R
Development Report 199 ¢ A R Engwilelge,AnBtR strong ICT industry happened due to concerted efforts on

capital, as the key to the social and economic the partofthlS I2FSNY YSy i LI NI A OdzZ I NI &
transformation of a country. That same year, the United and a host of other factors like the governmetdifispora

Nations Commission on Science and Technology forrelationship, private initiatives, the emergence of software
Development (UNCSTD) published an influential report, bytechnology parks, patterns of spatial agglomeration in the

Professor Mansell and Dr Uta f the London School of IT sector and publiprivate partrership (Mathur, 2006).
902y2YA0aszx SyidAdt SR avYy2 g tiffoRatdn TdcindyBandiBEsnyss Ployeds Mdldderieht2 v
¢SOKy2t238 F2N {dzadl Ayl ot S ARS 2552 RFS YiKSD TI2yORAMI aBblOF 220WAS dayR S
the countries that financed the Working Group and the dal 1S Ay LYRALF ¢ AYAUGAFGABSD ¢KS
editorial board meetings. The report examined the play a crucial role in facilitating technology access, both at

available evidere on the ICTgrowth link in developing the national and state level (Das and Sagara, 2017).

countries and the potential for building innovative . . .

Wyy2st SR3IS {20r8GA8a0 akt o VOPWR RSB VEPrMAtes TRMRED 03 av s v
goals (UNCSTD, 2013). Furthermore, the United Nations,(NPIT 2012)

Conference on Trade and Development (UNCTAD) createthevelopmental challenges in education, healthcare, skill

ay 4L/ ¢ t2fA08 wSOASE t NB Iephént finhnbial Malusich, gBvRmancNB@A RS

technical assistance and policy advice to countries effectively be overcome witthe deployment of ICT in all

requesting assistance in building and maintaining adynamicy § i 2 N&A 2F GKS LYyRAlIYy §02y2Yéd
and responsive ICT policy environment. Such| y¥2 NX¥ I GA2y ¢SOKy2f238¢ 6btL¢ H
effoncentivizised the need to actively foster 8@  september 2012, rooted in the conviction that both ICT and
development and strengthen the ICT innovation in the electronics have the power to transform the Indian

national development agendas of developing countries.  economy, 8 OA Sié FyR 3F2@0SNYIyOSed ¢KS
ICT has been driven by innovation and in turn, it leads 0d UNBYIGKSY IyR SyKhyOS LYyRAFQa LI
innovative practices and even businesses. Firms do not2"d 10 use IT and cyberspace as an engine for rapid, )
innovate in isolation; innowion is an interactive process Y Ot dzaA @S FyR adzadlyuilbt 3INBGUK
among a wide variety of actors (Edquist, 1997, 2001). In theyt js important to highlight that in acedance with the

innovative process, firms interact with other firms as well Global Innovation Index (GII), while India has been ranked

as with nonfirm actors/institutions (such as universities, n¢c K 2dzi 2F mMon $02y2YASas (KS
research centres, government agencies, ficiah  declined from 108 in 2012 to 111 in 2021. With regards to
institutions, etc.) and their actions are shaped by these wi . / ¢ | 008330 (KS adiN}IG83IA88a 27
interactions in the innovation ecosystem (Lundvall, 1993; o enable longterm partnerships with Industry for: i. Use
Carlsson, 1995; Edquist, 1997). Policy leaders need to worlgf |CT in cuttingedge technology; ii. Driving development
together with stakeholders in the ICT innovation ecosystem of new ICT technologies through strategic sectors; iii.
to understand te ecosystem challenges, needs and Facjlitating growth of IT SMEs and the use of IT across all
opportunities. With the rapid growth of ICT components {ag9a¢ 6a9 L Theolicwasmauthihesth® need to
and networks, the opportunities and challenges presented x v i SNIISY S FyR GLINRY238S dzas 27F L
by ICT are also subject to rapid change (UNCSTD, 2013ych as Construction, Textiles, Pharmaceuticals, Banking,
Therefore, policymakers also need to better understémel Finance, Retail, Energy, Automobiles, Healthcare,
impediments to the diffusion and use of information Education, Agriculture, Engineering Services, Transpal

technologies in this everhanging landscape of [23A8aGA08 F2NJ AYLINROSR STFFAOASYO
technologies and services. 2012:7).

(@]

Explained below are the core policies of the ICT sector in
India that are addressed along with the supporting policies
that have a bearing on the ICT sector.
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National Telecom Policy 2012 (NTP 2012) O2YLI NI YSyd 2F WLSNA2YIf AYyT2N]
A ~ oA C A ,WéSP/éAﬁZ\QSV LISNE2 Y REFEGE, 2N A\

Ly UKS arysS eéSINE 0KS cbe-UZ\Qn\gnf ¢§1f802Y|12f5{\O.? H{IMHS ob¢t
2012 lso introduced. lavi ol hasi impression that these rules apply onlygensitive data and

31 was asfc: 'gtrzl uced, Zylng ﬁspe_ua emp ET_SIS onnot tononda SYyarxiAgdsS WLISNE2YIFf AYyTF2NXI
providing ) a .or abe ] an N e(.:t.lve quality 2020). Further, the Data Privacy Rules do not specify any
telecommunication services for all citizens across the . . L

. timeframes for the retention of sensitive data. Government
country,

including those in rural and remote areas. Using . . . .
o has yet to frame rules implementing the retention provision
telecommunications as a platform, NTP 2012 endeavors to
(Menon, 2013).

transform India into a knowledgkased economy. It also
aims to creat an investofriendly environment for  The Information Technology (Amendment) Act 2008
attracting additional investments in the telecom sector and
generating manifold employment opportunities in various
segments of it (MEITY, 2012).

The rapid emergence of IT Enabled Services (ITeS)-like e
governance and-&ransactions raised concerns about data
protection and privacy and created a need for more
The Information Technology Act 2000 (IT Act 2000) stringent provisions. In alition to that, the increase in
cybercrimes, cyber terrorism and online scams had
necessitated the implementation of the strict penal
provision, hence in 2008, the central government brought

rovision of ic citizen servi it also rai ncern .

pbo ?Od ? bascc.tt € Ze cbes, b_Ut taic:l alsefs co tc_e ?<ey amendments to the Information Technology Act 2000
ri n rcrime. nformation

about data security and cybercrime e Informatio (Kolekar2015).

Technology Act 2000 (IT A900) is the prime legislation in

India dealing with cyber offences and electronic commerce. But data theft and misuse issues continue to linger, shaking

It is based on the United Nations Model Law on Electronicinvestor confidence and raising concerns about the safety
Commerce adopted by the United Nations Commission onof data and quality of ITeS in India. In November 2012,
International Trade Law (UNCITRAL). The IT Act 2000 Andhra Pradesh State IT Minister, Ponnala Lakshmaiah,

FLILX AOlLotS G2 GKS gKz2f S 2 fwroleyaretter seelyrthe Hfarmgulation: afjlastnewsdata (2 a | y
offence or contravention committed outside India by any protection act for IT companies. Stressing the need for

person if the act or conduct constituting the offence or specific and stringent legislation in line with the EU or the
contravention involves a computer, computer system or | { £ K$ I NBdzSR GKIFd adKS L¢ 1 Od
computer network located infRA ¢ 6a9L ¢, = proiestigny gnd privacy in order to sustain investor

confidence, especially among foreign entities that send

large amounts of data to Indiaforbagk¥ ¥ A OS 20ISNJ (A 2 Yy ¢
The government also needs to bring out a robust data

It is clear that ICT has a significant positive impact on
people, businesses, employment, education and on the

The 1860 Indian Penal Code, the main criminal code of
India, intended to cover all substantive aspects of criminal
law, was found to be inadequate in dgaling With.thetehih. protection regime to protect the personal data of
nat.ure. of cyber_ offences and required ncgnjuwzeo.ntlon individuals. The Personal Data faation Bill (PDPB) was
which is dealt with under the IT Act 2000. Similarly, it also ;4 o by MEITY in Lok Sabha on December 11th, 2019,
aims to amend certain provisions of the Indian Evidence

on the basis of recommendatiops,made by the Committee

1 O e A X & x | ; . e &

§Ou z B Mky Tf IH dz' Au K1§34 .Kl | ?(1 Sz(’)\IlJ; aTh 'kzo? lExpgrt? }\oﬁ SD%\tg SProt'ec(aoun c“c’nlr?/st%%g byI ¥h§ UKS
e_serf’e ank of India Act, (Kolekar, ] )- The e&overnment of India. Since then, it has undergone several

objectives of the IT Act 200@re: a) To provide legal

recognition of erecords; b) To provide legal recognition of
digital signatures; c) To provide legal recognition to

electronic governance; d) To provide punishment for cyber suggest that the government may soon replace the 4wo

offences; €) To e§tabllsh the Cyber Appellate Tribgr| decade old IT Act with the new Digital India Act and
separate mechanism to resolve matters as an appealable.

o - ] introduce new regulations to replace the PDPBThese
agency arising from authorities appointed under the Act . . .
upcoming changes to the data protection regime must
(Kolekar, 2015).

NBFf SOG GKS ¢2NX RQa OKIy3IAy3a | Ll
The provisions of the IT Act 2000 seek to protect only apace with international counterparts.

WaSyardAaAodS RIGEFEQDd ¢KS 5F01F t NKA@FO& wdzZ Sa NBFSNI O2yaradsSyidfe
Wa S@AS GLISNE2y FE RIEGE 2N AYF2NXIGA2YyQ A GKS adzweSod 27
protection, but experts argue that sensitive data is only one

iterations and has now been referred to the Joint
Parliamentary Committee comprising members of
parliament (both houses) for detailed study. Media reports

YoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

32 Sourced fromhttp://archive.asianage.com/hyderabad/nedata-protection-actsought467

38 Sourced fromhttps://economictimes.indiatimes.com/smabliz/policy-trends/one-of-the-lastfew-countrieswithout-modern-data-protection-law-why-
india-needsan-urgentrevamp/articleshow/91556170.cms?from=mdr
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National Manufacturing Competitiveness create, disseminate, and apply knowledge for growth. By
Programme 2007 (NMCP) leveraging its strength in ICT, India can also become a

leading knowledgdased economy. Recognising this, the
In 200708, the Ministry of Micro, Small and Medium D2 GBSNYYSyY 2 F Ly RA I £ 1 dzy OK SR [
Enterprises (VM’SME) launched a &S| NJ ab | 'ﬂj\lééll\lj YYS AY Hamp BAGK | OA&AA2Y
al ydzZF I OGdz2NRy3 / 2YLISGAGA QSY%%%AMN# %.! IgJ YSYY§_§2 'OSbN?S/Rt 0 x ?(’S)ﬁ"gu 3 Iy R

the aim to develop global competitiveness among Indian (MEITY, 2015). It is an umbrella programme implemented
MSMEs in the face of stiff competition frorhi@a and other by the entire government, with overall codination being

neighbouring countries. Ten schemes were drawn up underdone by the Department of Electronics and Information
the programme (and implemented in the PubRcivate

Partnership (PPP) mode) that targeted enhancing the entire
value chain of the MSME sector, starting from lean various issues and arrive at innovative solutions for

manufacturing and teatiology and quality upgradation achievingthe desired outcomes of Digital India. The DEITY

support, Ehe setting:lzLJ 2% RS&A3TYy Ot A yi‘k\sp Paunéhéé a CLlfl?eA yégag&m%r% fplatform named
w22YaQz uz YENY S RSOST 20("‘7%lY wz%d/mg/g%\ﬁnﬁ)a[ouféc%é?e collador%tﬁe and

entrepreneurial - support  through  incubators. ~ ZED participative governance byesking public opinion on
certification (Zero Defect and Zero Effect Financial support)issues of public interest and welfare

was also proided under this®4 Despite the good intent, the
government faced challenges in implementation as it was Digital India aims to provide threuch neededhrust to the
basically a suppigide initiative and MSMEs were hesitant Nine pillars of growth, where each of these areas is a

Technology (DEITY). This calls for wider consultations across
government, industry, civil society, and citizens to discuss

to disclose their data and invest their contribution. complex programme in itself and cuts across multiple
o . ministries and departments (MEITY, 2015). TabRe li€is
Digital India Programme GKS yAYS LIAEEFINBR 2F SAIAGIE LyF

ICT is a powéul tool for empowerment and income significance, ltallenges in implementation and potential

generation, and it is used by knowledge economies to Solutions:

TABLE 1(Nine Pillars of Digital India

Pillar Significance Challenges Solution

Broadband highways 1 Broadband networks to span 1 Lack of communication and 1 Content and service partnerships
LYRAIFI Q& OA{GAS&: contentto drive network usage with telecom companies and
National Information i Project delays or time overrun. other firms aimed at providing
Infrastructure (NII) to integrate | § Lack of robust infrastructure affordable internet access

the network and cloud
infrastructure in the country to
provide highspeed connectivity
and cloud platform to various
government departments up to
the panchayat level

Universal access to phones 1 Focuses on network penetration { Spectrum crunch that can drive  { Intensive and complex traffic
1 Ensuresnobile coverage to up cost and reduce quality management by mobile service
remote uncovered villages providers

f Spectrum sharing

Public internet access 1 Strengthening of Common 1 Slow adoption and uneven 1 Maximize delivery of services
ServiceCentres as viable and implementation to citizens
multi-functional endpoints for 1 Gaps in delivery of-&overnance 1 Strengthening of CSC network b
delivery of government and services ensuring standardization and
business services capacity building

e-Governance; Reforming 1 Using IT to simplify and make th- 1 High implementation cost 1 Ensure strong network security

Government through Technology government processes more i Data protection and privacy at all levels of operan.
efficient and delivery of concerns Minimizing cybersecurity risks
government services more 1 Language barrier 1 Building awareness about the e
effective Governance activities in Indian

vernacular languages

12Y2Y %Y Y2Y2 Y2 Y2 Yo Yo Yo Yo Yo Yo
34 Sourced fromhttps://www.startupindia.gov.in/content/sih/en/governmenschemes/national manufacturing competitiveness programme.html
35 Sourced fromhttps://digitalindia.gov.in/content/programmepillars
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eKranti- Electronic delivery of
services

Information for All

Electronics Manufacturing

IT for jobs

Early harvest programmes

Comprises 44 Mission Mode
Projects spanning-education, e
Healthcare andechnology for
farming, security, financial
inclusion, justice, planning and
cybersecurity

Online hosting of government
documents and information for
citizens.

Promotingelectronics
manufacturing in the country
with target of NET ZERO Import:

Providing training to the youth in
the skills required for availing
employment opportunities in the
IT/ITES sector

Consists of projects which are ta
be implemented within a short
timeframe.

1

1

INDIAN ICT SECTORIAL SYSTEM OF INNOVATIO

High implementation cost and
time

Mostly oneway information
flow, avoiding criticism

Duty anomalies mar domestic
electronics manufacturing
Heavy dependence on imports

Poor quality ofnanpower
Undertrained and mismatched
to industry needs

Inadequate usage
Implementation and budgeting
issues

Leveraging emerging
technologies like Mobile and
Cloud

Maintaining citizen centricity,
service orientation and
transparency

Democratizing the information
flow
Minimizing cybersecurity risks

Correction of duty structure
Geographic inclusions of all
states and union territories for
innovationin electronics
Subsidizing training and
internships

Incentivizing research and IP
development.

Strong industryacademia
linkages to figure out industry
needs and teach/train
accordingly

Public Private Partnership mode
to be explored for sustainable

development of digital
infrastructure

The key initiatives undertaken under the Digital India regulatory processes requiredo start and run

programme to promote information technology and the businesses.
sz(;)::n;jrt::)r;;?r:;nology enabled services (ITES) industry in ¢CKS 4D{¢ {8&4GSY tNB2S8Oié Aa by
establish a uniform interface for the taxpayer and a
GLYRAL .th tNRBY2GA2Y { OK &on8ron addLsharefl T infaSu@cdtuge betiden the
incentivise the establishment of 48,300 seats in respect centre and states. The portal envisions becoming a
of BPO/ITES operationsrass the country. This would trusted National Information Utility (NIU) which
help in capacity building in smaller cities in terms of provides a reliable, efficient and robust IT backbone for
infra & manpower and would become the basis for the the smooth functioning of the Goods & Services Tax
next wave of IT/ITE®d growth. regime.
¢tKS aGab2NIK 9Fad .th t NEY2Tha Qeyire df ExéeBeNcs for Intértedof Thifigs (IoT) was
seeks to incentivise BPO/ITES operagiin the North announced to jump start the IOT ecosystem taking
East Region (NER) for the creation of employment F R@Fy it 38 2F LQRAIUA L¢ aGNBy3d

opportunities for the youths and growth of the-ITES
industry.

attain a leadership role in the convergent area of
hardware and software. The main objective of the
i . PN < a A is, t te | ti licati d i
4. KENFG LyGSNFIOS TF2Ni azy &Eeistocrege nnoyafiye applicatiops and damain
. . ) . capabilities and help build industry capetkialent, a
payment transactions simple, easy and quick using art i p ; o ‘
. . r mmunity and an entrepreneuri m
Unified Payments Interfac (UPI). It enables direct startup community and an entrepreneurial ecosyste

. for 10T.
bankto-bank payments instantly and collects money orlo

using a mobile number or payment address. Cyber Swachhta Kendra (Botnet Cleaning and Malware

Avine o5 G KSRGS E5Eke 0 S Y05 pReyspacey,
detecting botriet infections “in India and notifying,
enabling cleaning and sering systems of end users so

as to prevent further infections. It is sap in
accordance with the objectives of the National Cyber
Security Policy, which envisages creating a secure cyber
ecosystem in the country. This centre operates in close
coordinaion and collaboration with internet service
providers and product/antivirus companies.

aS. AT ¢ asSsSia daz
the country by enabling fast and efficient access to
Governmenito-Business (G2B)ewvices through an

online portal. This is being implemented by Infosys
Technologies Limited under the aegis of the Ministry of
Commerce & Industry, Government of India. This will
help in reducing unnecessary delays in various

Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Y

36 Sourced fromhttps://www.digitalindia.gov.in/diinitiatives
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Digital India is an ambitious initiative by the Government of Recently, MEITY has launched 4 dzLJLJ2 NXi F¥2 NJ Ly G SNy
LYRAI IyR A& o0& TINE GKS o »raents Pivtecliafi S NI Blecyodi&A &S RiormatiéhS a9 L ¢ |
outlay for Digital India in the Budget 2023 has jumped ¢ S OK y XS$IREE Bséheme, to provide financial support
67.10from last year (Ministry of Finance, 2022). Though In international patent filing to MSMEs and technology

LYRAFQa NRIFR G2 RAZAGHE CRIWEDSIRESECEPY boffersentors reimbyrsgraeat 5 5
important government initiatives that led to the of up to INR 15 lakh for each international patent filing. In
development of new digital platforms for the citizens and addition, the scheme provides financial support to

improved access to such flarms, the policy also faces education institutes, MEITY, societies, etc., for organising
certain drawbacks such as the lack of education, lack Ofseminars and workshops on IPR awareness among various

infrastructure and required technology, financial and stakeholders.

technical issues, attitudes of citizens as well as governmentt js evident that India has been taking a decisive stand on

personnel, cybecrimes and a lack of confidence (8ha patents to the advantage of domestic manufacturers, but it

and Meena, 2019). The goals of Digital India are laudatoryneeds more such incentive programmes, with effective and

YR Oby 06224l LYRAFQ&a SO02Y Rife§preaddigiemdntétor InHid\Fas BuiltApbcketsTot NI | 4 &
as most of the nine pillars are facing serious challenges inknowledgebased growth but has not yet translated this
implementation (Boro M.C., 2017). Such challenges slowinto a broader economic model. Actions to promote

down effective digisation and increase cyberimes,  knowledgebased economies will require strong,

which is a major reason for the lack of confidence. High coordinated government policies coupled with investment

initial costs for transition from legacy systems also require in |CT (ADB, 2014).

economic resources, proper training and continued human

will for success of digitisation, etc. (Betj 2021). National Digital Communications Policy 28

National Intellectual Property Rights Policy 2016 ThefiNational Digital Communications Policy 20@8eeks
(IPR Policy 2016) to unlock the transformative power of digital
communications networkg to achieve the goal of digital
Government support is needed for businesses not only to empowerment and improved webieing of the people of
innovate new technologies, but also to safeguard their g5 Towards this end, it attempts to outline a set of goals,
technological inventions with effective IP protection. In initiatives, strategies andniended policy outcomesThe
May 203, the Department for Promotion of Industry and  \jational Digital Communications Policy adopts a three
Internal Trade (DPIIT) rolled out the country's first | jp y3ISR I LILINE | OK -Prope T8 O dzNB @ y y § C
fNational Intellectual Property Rights (IPR) Policy 2016 encompassing all aspects of digital communications. Under
to foster creativity and to implement a strong -Iéd this approach, it aims taccomplish the following strategic
innovation model. This policy encouragé¥®Rl generation  objectivesby 2022:
for ICT technologies, including those relating to Indian
cybersecurity. It supports small technology firms in .
safeguarding their IP rights in ICT focus areas through easy
to-dzdi S LR NIFtad t NBFo {dzyAt a lRope Indiay Erabling néxNpedexatoszSechaojogigsK S a b S
IPRPole HnmcY b2i olFlasSR 2y SgiRA@S G, lanfiwigkSirtelligerce ((Al)S darkine
before the IPR policy, India had a functioning legal regime  learning (ML), Internet of Things (loT), augmented
with individual acts on patents, trademarks, designs and reality (AR), virtal reality (VR), robotics, cloud and big
geographical indications, all of which were suitably ~ data and services through investments, innovation,
amended over time to comply with TRIP®jreement on indigenous manufacturing and IPR generation.

Tre}deR?lated 'In‘EeIIe?tuaI Pr,operty'Rights) (Manj, 2014)‘ - _ Secure India: Ensuring_digital sovereignty, safety and

I'S O2yuSyRa UKFU &aaz2yYS YSI a gé@uﬁtéof(ﬁg‘r{al cgn%ﬁnicé'ti(gng\.’ L2t A0e | NB

laudable but the policy objectives are not eviderzzsed

and are tailormade to suit the requirements of the western  The policy document statésK I 4 ¢ A4 A& K2LISR (Kl

governmenté | S FdzNI KSNJ | NB dz§ & Willjfacilitate the mrieashing gfétheycredivejenergies of

should rather be spending time and money on improving Citizens, enterprises and institutions in India; and play a

the performance of patent offices that are understaffed Seminal role in fulfilling the aspirations of all Indians for a

and underfunded leading to major delays in patent 0 SU U SNJ lj dzt t A G & K2 &ccamplishedtifthe ¢ KA & OF

approval in the country. policy visions and objectives are supported by a credible
implementation plan which tracks numbers, assesses any

Connect India: Creating a robust digital communication
infrastructure.
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gaps and ensures smooth execution with no time and costubiquitous, embedded in all products including
overrung”. Fdzi2Y20Af Sad wSO23ayAairay3a LYRALFQA

. . leading force in the electroos space, in February 2019 the
National Policy on Software Products (NPSP) 2019: A2y /L oAySG | LIINRGSR GKS abl G4

and Next Generation Incubation Scheme (NGIS) , ® 6bt9 HAMGBOES B6KAOK NBLX I OSa
2020 9t SOUNRYAOE HAMHED® CKS LRfAOE Sy
The Government of India set its focus on the indigenous@ global hub for Electronics System Design and

software industry with the announcement of the National Manufacturing  (ESDM) by encouraging and driving

Policy on Software Products (NPSP) on 28th February 201gapabilities in the country for developing core components

The policy aims to position India agybal power in the including chipsets and creating an enabling environment for

software industry, driven by innovation, rapid the industry to compete globally.

commercialisation and sustainable IP. It offers to bring The NPE 2019 was prepared after extensive stakeholder

together the industry, academia and the government t0 consultations, including industry, industry bodies, key

create a robust Indian software products ecosystem. ministries/ departments of Gol and state governments. It is

Further, it aims to alignith other government initiatives  considered to be a major policy initiative of the Gol, which

such as Startup India, Make in India, Digital India, Skill Indigyas a direct bearing on the ESDM sector. It is only with

etc., to promote technology stawips and specialised skill - government support thatthe electronics manufacturing

sets (MEITY, 2019)A year later, Next Generation inqustry ncentilise resources efficienty and build

Incubation Scheme (NGIS) was launched withis®v 10 gystainable domestic capabilities to address environmental

promote and support innovative startups working in | vy R 32 O0AFt OKIFtfSy3asad LyaLANBR
software product development, including embedded gx 5A2y (2 AyONBIa&asS SELRNI& | yR
electronics. With a budgetary outlay of INR 95.03 crore overgypply chgns-a [ 2 O f & ZMEATY Bido Zefpased a

3 years, NGIS aims to incentivise 300 st from 12 Tier 4 x 342y 52 0dzySyid GAGE SR GLYONBI &
Il cities by offering aesies of financial incentives, physical g E 32 NIi 3 | YR { KI NB o"2nd Ndvénmdes | £ + | f dz
incentives and soft support. NGIS is being executed by>021 The vision focuses on the opportunities and key

Software Technology Parks of India (STPI), a premieg yLidzi & G2 $\akinthep®balvglie shai®and & K

science and technologyorganizationunder MEITY that  pyild largescale manufacturing capabilities to achieve a

promotes startups working in emerging technologiesPIST g pstantial share in global electronics exports.
has been running a series of online challenge hunts (called

CHUNAUTI) under NGIS for Advanced Uninhibiteg”roduction Linked Incentive (PLI) Schemes
Technology Intervention. So far, 171 startups have been, order to push the vision of NPE 2019 further and
selected across multiple domains and 38 have beenjncentivise the dorestic electronics manufacturing
onboarded, which have shown exceptionahovation in  jnqustry as part of the Atmanirbhar Bharat Abhiyaan, the

L

their respective sector®: Gol introduced three schemestt NB RdzOG A2y [ Ay
National Policy of Electronics 2019 (NPE 2019) Incentive Scijernes (PLI) for Large Scale EIectroniE: i
al ydz¥ | OudzNA y 3 'y R L¢ I F NRg I NBE€ 3

By 2025, India aims to achieve a GDP of US$ 5 trillion and prgmotion of Manufacturing of Electronic Components
digital economy of US$ 1 trillion. As electronics underpin gnqg Semi 2 Y RdzO( 2 NB ¢ 6{t 9/ {0 I YR a
manufacturing, the electronics manufacturing cser is 9t SOUNRYAO& al ydzZFl OldNAYI / f dz
IAGSy KAIK LINR2NRGE Fa 2V SpEcE and BT 2.0 wek notifdlif AbrNFd20 Rifie té KL$ D
Galb 1S AYy LYRAFEZ aS50kdA0Y RilENFbdretwas hoifigd in Mardh ¥4 These schemes
programmes. According to the vision document released by have been constructed to create economies of scale,

the Ministry of Electronics and IT (MEITY) in associationpromote a domestic electronics supply chain of

with the India Celllar & Electronics Association (ICEA), components and develop infrastructure and common
electronics manufacturing in India is expected to quadruple facjjities for the sector (Invest India). They can also provide

to US$ 300 billion by 2026. With the increased pace of g opportunity for multinational companies to ibg their
digitalisation during the pandemic, demand for electronics

products remained strong and is expecteddontinue to
rise. Moreover, emerging technologies are driving up
demand for new electronics products, which are becoming

X
2

i &
L ¢

12Y2Y %Y Y2Y2 Y2 Y2 Yo Yo Yo Yo Yo Yo
37 Sourced fromhttps://telecom.economictimes.indiatimes.com/tel@lk/hits-and-missesof-nationakdigitakcommunicationspolicy-2018/3101
38 Sourced fromhttps://ngis.stpi.in/chunautihome/
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global manufacturing and supply chain capabilities to sustainability and its impact on society, environment and
India®. economy. Realising the need for the development and
deployment of sustainable technologies, it states that
GRSGStE 2SSyt 2F adzadl AylofS
In December 2021, the Ministry of Electronics and paramountA YLI2 NI I yOS F2NJ LYRALF Q&
LYFT2NXYIFGA2Yy ¢SOKy2f238 | vy ydazglPSdRvisdpes S graateSrald faryICT [inicyehtiBgRa
LYOSyiGAagsS o5[ L0 { OKilfles $héthe (i 2vibrare REH Sabsystend ShatRptoinbtes research and
domestic industry involved in semonductor design in  innovation for both individuals and organizations.

order to not only move up in the valughain but also L

strengthen the semconductor chip design ecosystem in 5.2 Initiatives for the Future

GKS O2dzyiNEB¢® ¢KS aOKSoh® KA/BrkiggtdsS O2YLRySyida

design infrastructure suport, product design linked

incentives and deployment linked incentives. Th®&C  The Indianeconomy is deeply shaped by technological
(Centre for Development of Advanced Computing), a developments using ICT. The CGW8Dpandemic has
scientific society operating under the MEITY, will serve asfurther accelerated the growth of the digital economy and
the nodal agency for the implementation of the scheme ICT skills have become critical to this growth. Advanced IT
(MEITY2022). The scheme offers financial incentives and systems necessitate a skilled workforce dfigher degree
design infrastructure support to domestic firms, startups and quality. Firms employing a more skilled workforce are
and MSMEs engaged in seagsinductor design for likely to adopt more advanced IT tools (Lal, 1999). Several
integrated circuits (ICs), chipsets, system on chips (SoCsjptudies (Rada, 1982; Sargent and Matthews, 1997) show
systems & IP cores and seouinductor lhked design(s) that as firms adopt more and more integrated
over a period of 5 years starting 1st January 2022 (MEITYmanufacturing models, thénteraction between different
2022). systems makes the skill content of the workforce more
impartant. Studies (Romijn, 1997; Doms et al., 1997) that
)ﬁalivé analysed the relationship between the adoption of
new technologies and the skill composition of the
workforce have found the qualifications of employees

Design Linked Incentive (DLI) Scheme

In December 2021, the MEITY also launchedal § A 2
{GNJ GS3e 2 hanehde@dr O Kreatey sigilant
and trusted collaborative digital ecosystem in the country
that .can provide a transparent and.open frameworll< for having a positive effect on the adoption and acquisition of
offering egovernance services to businesses. It also aims to . ) I

i . new technologies. Entrepreneurial abilities play an
make India a global leader in terms of research and. . _— .
devel " 4 h the benefits of _important role in the acquisition and adoption of new
bfvioﬁme? :nl ar;es; 't'et' ei;els IO emerg'”g technologies (Dosi, 1988a; Utterback and ®azarl993;

oc .c ain ec? no.ogy. uch initiative: gc_)a ong way.ln- Cohen, 1995; Lal, 1998; Lal, 1999).

creating a nationwide ecosystem for creating trusted digital
platforms and the development of relevant applications National Mission on Education through Information
using these platforms in various domains. and Communication Technology (NMEICT)

The COVID 19 pandemic has provided a compellingThe Ministry of Human Resource Development (MHRD),
opportunity for different sakeholders in the innovaton D2 GSNY YSy G 2F LYRALF I dzy OKSR
ecosystem to interact and work in unison and ICTs cangducation through Information and Communication
facilitate these interactions and enable innovation at all ¢ SOKy 2t 238¢ 6ba9lL/ ¢0 AY HANGD
levels. Amid the pandemic, the Ministry of Science & scheme to leverage the potential of ICT, in teaching and
Technology released thé 5 NI ¥4 p 4K bl 0 dedming fprocdséed orvite banefit of all the learners in
Technold & = | yR LYY 2(BraftiSTI2 V.4 De2 f Highe? éducation institutions. The objective is for thelian

2020) for public consultation. The policy aims to promote economy to sustain a high growth rate through capacity
traditional knowledge systems, develop indigenous building and knowledge empowerment of the people and
technologies and encourage grassroots innovations byto promote new, upcoming mukdisciplinary fields of
leveraging ICT. The policy document advocatesuse of  knowledge. Some of the key projects sponsored by the

ICT in addressing issues of accessibility and promotingHRD under the NMEICT includetuat labs- providing
research and innovation. It also aims to leverage ICT forremote access to simulatiobased labs in various

active learning practices and for fostering science and disciplines of science and engineeriegyantra- providing
technologyenabled entrepreneurship in India. The policy education in embedded systems and roboticsyEW- a
recognises the intgrlay between technology and virtual interactive elearning platform; eAcharya- an

YVoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

39 Sourced fromhttps://timesofindia.indiatimes.com/blogs/voicetiie-road-aheadfor-electronicsmanufacturingin-india/
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integrated econtent portal; Baadal- an open source the bedrock of telecom. TSSC works with several ministries,
project helping institutes setip their private cloud; &alpa skilling bodies, technical instites with the objective of

- creating digital learning environment for design; Vidwan promoting skills amongst young Indian talent and bridging
a premier nationwide database of profiles of the manpower demand supply gap in the India telecom
scientists/researchers/faculty members and eed and industry.

open-source software in educatiofr OSSHE The contribution of the ICT sector to the GDP has increased

Sector Skill Councils from just 1.2%in 1998 to around 7.9% in 2018 dns

estimated to provide direct employment to around 3.97

million people and indirect employment to nearly 10 million

i } (MEITY, 2019). The telecom segment of the ICT sector
deyelop strategies using thes'e IC.:T tools t.o enhance. thel_ 002dzy 1SR F2NJ o2 2F LyYRAFQ& D5t
skills of the workforce. Tha‘NatpnaI Poll.cy on Skill indirect employment to 4nillion people (Mehta, 2020). To
Development and Entrepreneurghi201% laid out the fill the employment gap, the Mlnlstéof Electronlcs and

a{1Att LYRAF araar2ye FyR InfgrmatlonLl'echn(ﬁogyIaunche&% bI L¥7\ igfl f{ Sinf

Skill Councils (SSCs) by the National Skill DevelopmerBt S$OGNE y A(RRE 2002)simedl at generating
Corporation (NSDC). ICT is one of the priority sectors that mployment to around 28 million people at various levels

have been identified based on the skill gap analysis. by 2020. The NPE 2012 was directed towards significantly
IT-ITeS Sector Skill Council (SSC) NASS@&Qiw national enhancing the availability of skilled manpower in the ESDM
standard setting body for IT skills, working in close sector by focusing on augmenting post graduate education.
coordination with the industry body NASSCOM and under Policy objectives focused on the following: (i) enhancement
the aegis of the NSDC. It is working to accelerate theof the number of graduateand other skilled manpower,
transformation of the education and skilecosystem to  especially women, by suitably increasing capacities in
keep pace with the emerging technologies and emerging colleges/ITI and polytechnics through public and private
landscape of skills. According to theNASSCOM sector investment, (ii) creation of capacities within
& Cdzil dzZNBrgtammd, a éassive disruption is facing academic institutions to enhance the production of an
the ITFITES industry. Of the 4.5 million people employed in adequa Yy dzYo SNJ 2F t K5Q& FyR Lkai
the industry today, 1.52 million are expected to require  supporting the growth of the chip design and embedded
reskilling in the next 4 years. Only an industdriven software and board/hardware design industry in the
learning ecosystem can fulfill this massive requirement. country, (iii) settingup of skilled courses and training
Hence, the NASSCOM FutureSkills programme wagprogrammes for electronic design along with hass
launched on 19th February 2018 in the presence of seniorlaboratories enabling graduates from other disciplines to
industry leaders and government officials. The programme migrate to ESDM, (iv) creation of a specialised institute for
aims to reskill 2 million professionals and potential semiconductor design, (iv) extending a special manpower
employees and students in the industry over a period of 5 development programme for very largeeale integration
years. To do this, FutureSkills portal uses the technology of(VLSI) chip design tadlude a larger number of colleges and
the future, to create a spme where a learner can access students leveraging the national knowledge network, (v)
content on all the skills of the future. FutureSkills thus creation of an institutional mechanism for the faculty
focuses on 155+ skills spanning across 70+ job roles in 10evelopment in various ESDMlated subjects (vi)
emerging technologies namely artificial intelligence, collaboration with national and international institutic
blockchain, big data analytics, cloud computing, for the development of new skills and courseware on the
cybewsecurity, Internet of Things, mobile tech, robotic latest manufacturing technologies and products in the
process automation, virtual reality andCB printing. ESDM sector.

With the expansion of mobile and internet connectivity
reaching the distant corners of the country, it is time to

TheTelecom Sector Skill Coun¢TSSCis an industryled [FGSNI AYy wnamnZ (KBvesv@dyaPhD f | dzy OK S
apex body, jointly setip by the Cellular Operators Scheme for Electronics and 8T ¢AGK |y 2062S00A
Association of India (COAI), Indianl@at and Electronics  enhance the number dPhDs in Electronics System Design

Association (ICEA) and National Skill Developmentand Manufacturing (ESDM) and the IT/IT Enabled Services
Corporation (NSDC), to ensure the adequate availability of(IT/ITES) sectors in the country. The Cabinet Committee on

skilled manpower to boost growth and productivity in the Economic Affairs (CCEA) approved the scheme for a period

telecom sector. This is particularly true given the rise in the of nine years with a total estimated cost of IMB6 crore.

adoption of newage technologies like 5G, Internet of That same year in November, the MEITY also introduced

Things, M2M communication, drone technology, big data, the ¢ CA y' I y OA | € laaradlry0sS {OKSYS
cloud computing, ML/AI, and robotics that are growingon 9 f SOG N2y A O& I Yy Rrhelobjectivel ddthRSYA Sa ¢ @
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scheme was to satp seven electronics and ICT academies and assembled in India along with a software stack
as a unit in premier academicinstitutions for developed by the OAC (Centre for Delapment of
faculty/mentor development/upgradation to improve the Advanced Computing) as a part of the Make in India
employability of the graduates/diploma holders in various initiative (IBEF, 2022). TheD&C is a premier scientific
streams, through active collaboration of states/UTs with research organization operating under the MEITY. Focused
financial assistance from the central government. Eachon advanced computing and software development, the C
electronics ad ICT academy aims to provide specialised DAC plays a crucial role realisation of the vision of
training to the faculties of the engineering, arts, commerce Atmanirbhar Bharat. It has been contributing to the NSM by
& science colleges, polytechnics, etc., by developing state enabling the manufacturing of systems and components of
of-the-art facilities. Under the scheme, the following seven high-performance computing in India. The contribution of
electronics and ICT academiesvbdeen seup: NIT Patna  the GDAC under the NSM shall be a stimulus towdhds
(Bihar), IITDM Jabalpur (Madhya Pradesh), NIT Warangadevelopment of components in advanced technology areas
(Telangana), IIT Guwahati (Assam), [IT Kanpur (Uttaby MSMEs in Indi&.

Pradesh), IIT Roorkee (Uttarakhand) and MNIT Jaipur.
(Rajasthan). The ministry had agi two ICT Academies at

Tamil Naduand Kerala earlier. The total outlay of the STIP 1.4 Dec 2020), lays down a roadmafet@raging ICT

schemt_e”\:vas orrlglnally lNIF‘)tM? 4'[8 C;OrdetW';hlatdl\ljlra“Enzgfzszfor skill development. The Draft STIP explicitly states that
years. The scheme was later extended fo 315t Marc aO2ya2NliAdya sAff 05 RSOSE2LISR

with a revised outlay of INR 87.69 crore (MEITY, 2022) .
online courses, simulations, virtual and remote labs for

Further, MEITY offers internship opponities for Indian

e A .l e oA~ nabll%ngmerswe exgenennal Iearmn'% Al|braryofwrtual

audzRSyida FTNRY NBO23IyAaSR SAAAGH €
ouces WI| Iop d f rough ﬁonun mty

LY RAE Ly d SNy aKa L,J ) { QK S Y,S Hpartlmpatlon fOIl |ymo§e areas. KI\Iatlzélmal ms%tutes W|thZ
selected students get to work for a limited time period on
advanced lab facilities will be invited to develop such

information technolo rojects with the central . . .
) gy P l ] resources and make them available to others. Virtual reality
government. This not dy benefits the student community . .
repository can also be developed for thmirpose. The

but also helps in enriching the management and . . L . i

. . repository will be supported with interactive tools, viz.
implementation of government schemes and programmes

opensource collaborative development platform inviting

(MEITY, 2022). Though India has showcased its talent on

buildi A ‘] ¢ th dt data visualisation, data presentation, data analytics, Al,
uilding supercomputers at low cost, there is a need to

g stpercomp SGiOvr F2NJSlae |00Saawé

further enhance its capacity and meet its requirements. The

Government of India launched the &bk G A 2 yurthermore, theab §¢ 9 RdzOF GAZ2yinw 2 A O& o
{ dzLIS N 2 Y LJdzii {NGM) ina2@18 @&ith the @lan to  focuses on various facets of education including the
connect R&D institutions and academic institutions in the integration of ICT. It promotes use of ICT in aiding teachers,
country using a supercomputing grid with more th@a bridging the language barrier, creating digital libraries and
high performance computing facilities, spread over the facilitating a technologpased platform for teacher
period of seven years. This will empower scientists and training. The polig also highlights the significance of ICT in
researchers with statef-the-art supercomputing facilities ~ the promotion of interdisciplinary research and innovation
and enable them to conduct cuttirgdge research in their and to improve teaching and enhance the learning,
respective domains. Itlso aims to minimise redundancies assessment, planning and administration of education.
and duplication of efforts and optimise investments in Lastly, it acknowledges the challenges arisiognf Al and
supercomputing. The estimated cost of this mission is INRcalls for investment in digital infrastructure and online
4,500 crore (IBEF, 2022). NSM is being implemented andearning platforms (Alam, 2021).

steered jointly by the Department of Suencg and Skill enhancement is a continuous process which requires
Techrology (DST) and Department of Electronics and regular skill upgradation. Exploring the Public Private

Information Technology (DEITY). So far under Phase 1 qbartnership (PPP) Model can also ensureetter skilled

Phase 2, a total 15 systems with computer power of 22 workforce supply and the need to reposition technical and
Petaﬂops (PF) have been built. Recently, NSM has deployegocatlonal education and training (TVET) for the

Gttwla DFHy3le:x l'_ & dzkes BITEhY L‘]cgg\lfe%d}lr‘?enltolfhlgﬂ'qdaﬁyskmgd%\/ml](ers and knowledge
March 2022 with a supercomputing capacity of 1.66 workers. In any country, skills and knowledge are

Petafiops as a part O_f ph.ase 2. large parts of theconsidered to be drivindorces for economic growth and
components used to build this system are manuiactured social development. It has been observed that the countries

The Ministry of Science and Technology, in its lateSt NI ¥
{OASYyOS: ¢SOKy2ft2383 IDfdR LYyy20I (

Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Y

40 Sourced fromhttps://www.cdac.in/index.aspx?id=pk itn spot1241
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with higher levels and better standards of skills and raw material of growth and development in our globalised
knowledge adjust more effectively to the dynamic 6 2 NI R¢ 062 ¢hX mMppTrod L/ ¢ LRfAOASE
challenges and opportunities in the national as well as critical components of broader development policy
international job markets. India is one of the youngest initiatives (Mansell, 2010). There is a cleatefest and
nations in the world with more than 62of its population drive on part of the Government of India to harness ICT for
in the working age group (159 years), and more than % inclusive and sustainable development. Efforts have been
of its total population below 25 years of age. In fact, during made to support the ICT sector through policies and
the next 20 years the labourfce in the industrialised projects across the country, but their implementation has
world is expected to decline by%4 while in India it will  been riddled withchallenges. These challenges need to be
increase by 3% (Ministry of Skill Development and 2 3SND2YS Ay 2NRSNJ 2 Llzi LYyRAIQ
Entrepreneurship, 2015). This poses a formidable challengescosystem on a path to success. ICT pervades all sectors of
and a huge opportunity to reap this demographic dividend the economy, and it needs to be systematically integrated
which is expected to last for the next 25 years. Therefore, into the overall vision and strategy ftime development of
India needs to equip its workforce with employable skills the nation. Mainstreaming ICT into development thinking
and knowledge so that they can contribute substantially to and practice can help capture its vast potential (Hanna,
the economic growth and development of the country. 2003). The focus should be on developing national policies
. L . nd frameworks th n unleash th nefits of ICT whil
ICTs are rapidly spreading adoption and accessibility a_c.i 5_1 ewo _St at can unieash the be '_3 ts of IC . ©
. L . mitigating the risks of data theft and cyberimes. Studies
across nations, sectors and organizations. At this rate, the N .
. ) . . . (Agarwal & Maiti, 2019, Maiti et al., 2019) suggest that
ICT revolution will continue to drive competitiveness and ) ) o
. . . fostering wellbeing through digitalisation and technology
transform sectors while presenting future policymakers . . )
. as such is not enough. Policymakers need to ensure its co
with unprecedented new tools for development. The i ) ) .
evolution and complementat with countryspecific

dynanic nature of the sector also raises concerns among ) i )
. . . factors. Finally, regulations that stifle change need to be
policymakers about the adaptability of legacy infrastructure .
adjusted or removed (Pilat, 2004) and the government

and regulatory frameworks to support the change. .

should promote productive investment and foster market
In the words of former WTO Direct@eneral, Mr Renato  conditions that reward innovation and the successful
wdz3 3 A S Ndgadon antl (név@elde, after all, are the adoption ofICT in every aspect of the economy.
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This chapter sets out to analyse the results of the ICT SSbetween theresults and what is articulated in government
Survey. It uses a combination of univariate and multivariate policy. With this in mind, this chapter aims to highlight the
analysis which provides a strong empirical foundation. The avenues that need attention within the IICTSSI.

frame of analysis can be divided into the following sections. L

Firstly, the baracteristics of the survey are described in 6.1 Descrlptlves

terms of the .co'mposmon of the sample ) and its . The composition of the actors in the ICTS®ey has bee
respondents. This is followed by a comprehensive analysis. .

) o RSUFAE SR Ay 0KS af dzNWSteis aSu K2 R?2
of the relationships/linkages between the actors of the . -

. L . section, the characteristics of the IICTSSI Survey that are
system. This then leads to the elucidation of therriers . . - .

. L . . described in terms of the composition of the sample and its
that exist within the ICT system of innovation, and those . .
) . respondentswill be discussedTable 11 below shows the

that are most predominant for each actor group. This is also N
. . . . actor distribution and esponse rate.
linked to the question of how successful existing policies are

at highlighting either the convergence or divergence

TABLHE.L IICTSSIConvenient sample, data collected and response rates

Firm NorHirm

Total Number of NoifFirm Actor

Indust
ry Total
Sample Data Response Data collected Sample Data ' Response
collected rate collected rate
187 73 39.04% 16 81 84 50 200 231 115.50% 304

The overall response rate of the ICT survey is 79%. As seeRl GURIB: Actor distribution of respondents
in Table 11 above, the response rate of industry is 39%
while the response rate of nefirm is 116% out of which
intermediaries and KBIs together account for 71% of data
collected in the noffirm category, followed by arbitrageurs

16%
at 22%. With only 16 responses, the government accounts : m Industry
for the least number of responses recorded under the m Government
survey. KBl
Figure 8 below summarises the distribution of respondents Intermediary
0,
by actor group. The composition is 28%, 22986, 16%and 28% Arbitrageurs

5% from intermediaries, KBIs, industry, arbitrageurs, and 27%

government, respectively.
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Figure 9 below shows that out of the 73 firms surveyed, 67 FIGUREQO: Sizeclassification
are domestically ownedand only 6 are foreigowned

firms. Size bin classification

FIGURB: Ownership structure of firms

: : 21%
Ownership structure of firms ’
m Large

37%
- m Medium
(1]

16% Small
Micro
Foreign
m Domestic 26%
92% The following figures depict the distribution of respondents

by affiliation for each actor group. Figure 11 shows that the
AYRdzZAGNEB | OG2NJ INRdzZL) A& YIRS dzJ
WCANY h.aQ o6p:0® CAIdzNBE mMH RSLIAOI
universities and public and private research institutes, the

majority being universities. Subsequently, Figure 13 shows

Figure 10 below shows the size bin classification ofithes
surveyed. It is important to know the size of firms that
participated in the survey as it can determine the level of ) a )
. L . - . . that intermediaries are mostly represented by academic
innovation, internationalization and adoption of emerging

. . incubators at 77%followed by industry associations,
technologies, etc. It can be seen from the figure below that ) . .
the majority F FANXN A& &d2NBSe@SR 0S¢ 2C$¢p§)f§ltﬁ/prlva§e mcuRaéors qgov,gr%nﬁ‘gt o) cuba}\ors gnd
Ol iS32NE 6oczoX F2tf268R o8 ery ( AFqiagews are, gomposed ok bapks, NG éATS
FANNEA OHMI0® WaSRAdYYQ &AT §etw-°rr§s NS VerBLge Qa‘&'ti" GMaue ‘“?f gQURrEnent 5y

i . comprises both central and state overnments, with
percentage (16%) of total firms surveyed in the ICT sector P g
majority representation from central government agencies.

This is outlined in Figure 14 and 15, respectively.

FIGURE Industry ¢ Affiliation

Industry - Affiliation

5%

95%

m Firm = Firm OBM
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FIGUREZ KBI¢ Affiliation

KBIc Affiliation

3% 194

96%

m Private Research Institute = Public Research Institute m University

FIGUREX Intermediary ¢ Affiliation

Intermediary ¢ Affiliation

2%
11%

3%

&

7%

m Academic Incubator m Corporate/Private Incubator Government Incubator
Industry Association Others

FIGURHEA4: Arbitrageur ¢ Affiliation

Arbitrageur- Affiliation

38%

52%

m Angel Investor mBank m Venture Capital
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FIGURHES: Governmentc Affiliation

Governmentc Affiliation

44% 56%

m Central Government State Government

It is important to get further clarity with respect to the at the firm level. Figure 16 below depicts thepéy of
industry actors in order to better elucidate the data in this activities of the firms surveyed
report, particularly as the majority of innovation takes place

FIGURHESG: Types of activities of firmsurveyed.

Types of activities

Consultancies

Software development

Online services

Software management

Business process outsourcing (BP

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

As shown in the figure above, 55% of the firms surveyed areinstance, in their critique of the linear approach to
consultancy firms, 52% are software development firms, innovation, Edquist and Hommen (1999) stress the
51% render onlineservices, 41% are into software importance of interactive learning and innovation
management and the remaining 14% are involved in networks, for which linkages between actors areiaial

business process outsourcing (OyelararOyeyinka, 2005). Cavalcante (2011) articulates
. that interaction between agents through formal and
6.2 Lmkages informal linkages can take the form of: joint research and

publications, personnel exchanges, patents and licenses,
the purchase of equipmengr the transfer of technologies
or methods. In this light, the analysis conducted is twofold:

Before the issue of the linkages between the actors in the
IICTSSI is brought to the fore, it is important to reiterate the
importance of linkages from the perspective of the SSI. For
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an understanding of the type of relationships that are crucial to driving innovation in the SSI. Finally, those
present and who initiates them interactions that are truncated or missing are highlighted in
. order to better understand and articulate interventions
Type of Linkage
that need to be undrtaken to bolster the SSI.
The next point of analysis is to determine which type of
engagement occurs when an actor interacts with players in
the system. This can be broken down in terms of idad
inter-relationships. Each respondent was asked to list other
actors  (industry, government institutions, KBIs,

intermediaries and arbitrages} their organization

In general, it can be seen from Figure 17 that most
relationships are in proportional terms between the actors
in the sectorial system of innovation. Firstly, in order of
magnitude, the number of responden the actors who
participated interacted with are intermediary, industry,

knowledgebased institutions, followed by arbitrageurs and
engaged with and the respective type of engagement. The
flnanmal |nsUtut|ons .and government Intermedlanes .

GeLisa 2 ¥ tAylr3sa AYRAOF osIIyln}}e)(act WI ﬁlemselves W%llglndustry actors Ra e SNRZ

Wi 2y uNI ol 8 dzLJLX A S Nad-disclosie/2 Aﬁéullonly I'slm\re (}/ m?erac%’lon thh the rgovernment

:'_Jj N.]fS i Yi Z . 3 gi L;,q: :JOZ S;)Y l}\ NOJlS-A y EI;\<Q wledgga\llgezd)\u%éﬁutlons prlmarlly |n‘Prac¥2W|th the
20 y 3/u £ [ ya &ernmen% an emse% S, \i;\llhflfe financial mstltutlons

WU NE OdZN\BYSY.U 02 YU N OU aQz an% arm%\geurs prl\r(naﬁ |n{\er3éc':tlwltlglzlnterme la |e£ an Mt
YS$SGiAy3aQs W{SYAYIl NBRK ¢NJI AYAY TdzyRAy3Qs

WwSONYzA GYS ttlr OSYS Q | nOWEdiebase g% ® ¢ KNE OKF LI SN
w ! y b« y i y mteracw with nowledgel}élse(('ji |ns‘§ tl?tlons .
highlights both the major and minor intraand inter

relationships as well as the strategic interactions that are

/2

FIGURHEY: Ecosystem relationships
L/ ¢ 90288adSYy [Ay1l3Sa

B LbS5mDhzom Y. LggLbom ! w.

Dhxp
Y. L

Lb5

b ]

Sankey diagrams (refer to Figure 18, 19, 20, 21 and 2humber for all actos engaging in these types of

below) have been used to display the typeseaiationships interactions. However, the specific number of interactions

(intra- and interlinkages) between the system actors, form for each actor are not represented in this visualisation.

th ti f h actor. The di i d of . o .
€ perspec ve O_ each actor € |elgram IS corTlpose ° Overall, the Sankey diagram offers valuable insights into the

two distinct sections. The lefiand side of the diagram

i . complex network of relationships and linkageattrexist
shows the specific system actors being engaged from the . . . . .
. within a particular sector. It can help identify knowledge
perspectiveof a selected actor, as well as the number of

. . . . e _and resource flows between actors, thus making it a useful
interactions. This provides an indication of who is . .

tool for understanding the dynamics of the sector.
connected to whom.

From the righthand side of the diagram we can see the 6.2.1 IndUStry
various types of interactions, as well as the total cumulative Figure 18 highlights industry intrand interlinkages.
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Intra-relationships interactions are in terms of formal and informal meetings,
seminars and training, joint research as well as recruitment

With respect to industry actors the major intra
and placement.

relationships are knowledge flows in the form of formal and

informal meetings and usesroducer relationships in the ~ For example, in 2018, Microsoft, in collaboration with the

form of contract buyer and supplier. The ICT sector is Data Security Council of India (DSCI) launched agroge

divided into theICT producing sector (ICTPS), ICT usin®t £ £ SR &4/ @6 SN KA1 aKkk¢ G2 odAtR
sector (ICTUS) and né@T using (NICTUS) sector, with their Cybersecurity talent in the country. In October 2022,

further division into manufacturing and services sectors. Microsoft announced expansion of this programme in
The |ICTPS includes producers of IT hardwareassociation with the DSCI, Tata STRIVE, and ICT Academy to

communication equipment, telecommunications, and reach 45,000 women and undersed youth with technical

computer services (including software). The distinction skills for careers in cybersecurity and provide internships or
between the ICTUS and NICTUS was made on the basis b opportunities for 10,000 learners by 2025 In
the level of ICT intensity. Practically no industry can November 2022, the ICT Academy, an initiative of the
however be classified as a nd@T industry, every industry Information Technology and Digital Services Department,
uses a bit of ICT directly or inectly. Theoretically, an ~ Govenment of Tamil Nadu, announced its partnership with
industry is defined as nelCT if the ICT intensity is less than ServiceNow, a leading digital workflow company, to take its
one third of the national average. digital training and skills programme to 1,000+ ICT Academy
partner institutions to benefit educators and students with

Knowledge transfer through formal and Informal meetings digital skillé2

takes place in the form of B2B platforms and conferences
and exhibitionssuch as India Telecom ICT Expo (IT andKnowlelge dissemination through seminars and trainings,

Telecom Show), Gates India ICT Channel Summit, anéé evidenced by fora such as Semicon India 2022

Semicon India, etc. 2N\H|'Y7\éSR 08 (GKS ('XL)/R7\|' in{éY)\OZVR
partnership with industry and industry associations, which

aims to make India a global hub for seronductor design,

manufacturing and technology development. Participants

included a mix of startups, academia and global industry
tSFRSNARD® L FOda G2 RSY2yailNT i
02t f 162N GAPS | LILINREF OK -G2¢1 NRa
conductor and electromis manufacturing ambitions. The

O2y FSNByOS asSNBSa Ia GKS- F2NNI¢
conductor strategy and policy which envisions making India

a global hub for electronics system design and
manufacturing. Additionally, there is the National

Infosys Innovation Network (IIN) is an excellent example of Associaibn of Software and Service Companies (NASSCOM)
industry-startup collaboration to encourage innovation. It Annual Technology and Leadership Forum which aims to

is a partnership betwe® emerging technology startups position itself at the forefront of technology, connect with

(dealing with Al, cybersecurity, automation, data technology luminaries, take advantage of the NASSCOM
management, augmented/virtual reality, blockchain and ecosystem, learn what exactly is needed tmove

lIoT) and Infosys to provide innovative services to the innovative solutions through deep dive sessions and master

clients. IIN also helps these startups scale, get certified andclasses.

be enterpriseready to meet the organizatioml need and
provide clients with a constant stream of highly competitive
and innovative solutions.

Formal meetings contribute to the process of sharing
information, exchanging and developing ideas, as well as
expressing disagreement, and managonflict (Shasitall,
2022), however this mechanism indicates that there is a
structured approach with a focused agenda. Whereas
informal communication is crucial for idea generation and
the timely transmission of information (McAlpine, 2017),
the combinaion of both formal and informal channels of
communication greatly boost innovation (Grimpe and
Hussinger, 2008).

At the level of the knowledgebase, an example of industry
¢ KBI linkages and knowledge transfer is seen in the
example of Microsoft Garage which partnered with the IlIT
Inter-relationships Hyderabad*to accelerate learning on quantum computing.

A series of lectures are offered as a pool elective for B.Tech
and M.Tech students, the objective being to provide the
scholars practical experience in quantum computing and

When examining the collective inteelationships with
other actors of the system, the most gminent

YoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

41 Sourced fromhttps://news.microsoft.com/enrin/microsoft-expandscybershikshado-acceleratecybersecurityskillingopportunities/

42 Sourced fromhttps://www.cxotoday.com/presseleas/ict-academycollaborateswith-servicenowto-empowerindian-educatorsstudentswith-digitak
skills/

43 Sourced fromhttps://www.semiconindia.org/

44 Sourced fromhttps://news.microsoft.com/erin/microsoft-garageiiit-hyderabadquantumcomputing/
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guantum algorithms with access to tivicrosoft Quantum Delhibased artificia intelligence and machine learning
Development Kit and Microsoft Q#. surveillance development firm, Veh&htUnder the MoU,
vz yidzy O2vLdziiy3 Aa LI A aeggudents purquipgordypte ang esearehopysgs gtine
L . . . IIIT Delhi will be granted a fellowship amounting to INR 10
economic, industrial, academic, and societal landscape. . )
. lakh for two years which can be used for amademic and
Quantum computers have the capacity to solve complex R
. - research purposes. To be sure, Indian institutes offer a
problems that would otherwise take billiond gears for of fel hins dn. Al W th b
G2RIFe0a O2yLidZiiSNE G2 azt 3885 BloyshinsdgA! and Mi regearch; the Rgberk o
. . L . Bosch Centre” for Data Science and Artificial Intelligence
minutes. This has massive implications for research in ) )
. (RBCDSAI) at the Indian Institute of Technology (IIT)
healthcare, energy, environmental systems, smart ) L
. ... Madras, for instane, grants students a fellowship stipend
materials, and more. It also creates a need to start building

. of INR 18 lakh per annum, along with the chance of a one
a quantumready workface well versed in quantum .
. . time grant of INR 30 lakh, to pursue research on developing
computing skills. o
Al for social improvement causes.
The ICT industry has emerged as a major contributor to the . ) . .
. . . The country is witnessing the emergence of similar
Indian economy as well as a provider of employment inthe /= . L . - . L oA oA .
. . . initiativesa dzOK Ida aAONRAa&A2FTuQad awSasSlk NX
country. Though the Indian ICT industry has been driven by o ] - N . .
. . . F'YyR avdzl £t O2YYQa Lyy20FuaA2y CSff:
software development services, theend is changing, and ith i | e imitar Al fell hi
the country is becoming the R&D hub of multinational IT w nurr.u.arou.s s _a SO ofiering simpar ellowship
. L . opportunities in the field of research and development
companies. Several Indsed multinational IT giants have ndi
also setup their R&D and innovation centres domestically. across Iindia.
The government views R&D as essential for the This mechanism of scholarskifs often linked to Corporate
implementaB Y 2F yS¢ AYAGALl (A @S SBocildzésionsibiity (GFR) athvilids bf cdmpaRigsl EhiE is
dal 1S AY LYRAFE FyR a&f{ 0l NIdnmdy hegeRchllag itdprolidés thk tecipiertt With exposutedzy OK S R
ySs a0KSYSa AY ws3b 4 dzOK  dndimeadsliovshully Caiidifof Brms ivehablgd thekd Ko build
LYyy2@LFGA2y |yR ¢SOKyz2f 238 and Etengtivdn bretationsHipy™ Rith HmilfipletagieKdiBreiza K
which it aims to promote R&D in the emerging aredha (Raghubir et al. 2010), as well as possibly creating corporate
view to providing technological solutions at the level of value (Barnett, 2007) through monitoring possible new
society, industry, and government. The major thrust areas avenues of technological development.
include: blockchain, data analytics, quantum technologies,
Internet of Things (loT), green computing, artificial
intelligence (Al), ah perception engineering.

Generally, the knowledgebase is seen as a source of skilled
human capital and recruitment that takes place through
recruitment offices or placement cells. However, given the
An excellent example of how industry and the need to bolster R&D, Tata Consultancy Services (TCS) has
knowledgebase have come together is the Indraprastha indicated it would hire computer science PhDs from the
Institute of Information Technology (IlIT) Delhi which has Indian Institutes of TechnologyTH) without interview4.
announced a memorandum of understanding (MoU) with

12Y2Y %Y Y2Y2 Y2 Y2 Yo Yo Yo Yo Yo Yo
45 Sourced fromhttps://www.techcircle.in/2022/07/27/iiitdelhi-signsmou-with-vehantto-offer-fellowshipsin-ai-ml-research
46 Sourced fromhttps://economictimes.indiatimes.com/jobs/te-hire-phdsfrom-iits-without-interviews/articleshow/3871327.cms?from=mdr
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BOX 1WIRINg Wipro-lISc Innovation Network (IndustryKBI linkage)

Objective

A hybrid model consortium involving industry, academia, startups and funding agencies to advance resear
development in emerging technologies and also advantage the industry partners in autonomous systems and r¢

Approach

The WIPRO IISc Research and Innovation Network (WARISl)a collaboration since 2017 between WIPRO,
multinational Indian IT conding and services company, and the Indian Institute of Science (1ISc), a premier res
organization on Adlriven autonomous vehicles.

WIRIN has strong emphasis on emerging technologies, disruptive designs and the manufacturing of auto
systems, maging, image processing and computer vision, Al, machine and deep learning algorithms, data scier
analytics, security and smart materials. WIRIN innovation labs at the 1ISc offers a facility for software developm
vehicle simulators and automeous electric vehicles using national data sets and the WIRIN Centre of Excel
Besides annual funding of US$ 500,000 for the discovery, definition and execution of WIRIN projects, includ
WIRIN Innovation Lab, and fellowships, WIPRO mobilisesirees from public and private sector partners such as

National Institute of Design (NID) and the RV College of Engineering (RVCE). Both WIPRO and the IISc are entit
exploit and commercialise the IP developed in the project without anyuesen

Outcomes

WIRIN built a new statef-art autonomous car, WIPOD, that can change its internal structure according to the nee
the user. The NID led the development of the WIPOD designsiniseface and experience, while the RVCE playe
pivotalrole in technology development and innovation. The IPs generated from the WIRIN projects are building
in developing Al stacks, a collection of software tools, services, and processes that will allow scientists to builg
autonomy in the new gegration of the WIPOD autonomous vehicle. WIRIN enables-eparce national autonomous
vehicle data sets (globally accessible to researchers) to advance Al stacks and also fosters and strengthens th
information from industry and the 11Sc. Suchoimhation flow will be to the design and development of new produg
and processes of commercial importance and social value.

Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Y

47 Sourced fromWIRIN | Wipro 11Sc Research and Innovation Network
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6.2.2 KnowledgeBased Institutions

Figure 19 highlights knowleddmased institution intra and
inter linkages.

Intra-relationships

The majority of intrdinkages reported by KBIs are formal
and informal meetings, seminars/training, joint research
and copublishing.

The levels of communicain between KBIs indicate that

there is some degree of collaboration taking place between
them. Tacit knowledge transfer takes place through
national and international fora. For example, the National

= Recipient of funding: 39 lI

~N

Contracts buyer: 64 I

~

—
\,

Contracts supplier: 65 I

Procurement contract: 5 -

of Science (IISc). It has become a regular forum for
researchers, students and practicing eregrs to present
and exchange ideas on the latest technological
advancements and innovations. The salient features of this
conference are preonference tutorials, technical paper
sessions, plenary talks by experts, and industrial
exhibitions. Over the E twenty-eight years, it has
witnessed a progressively larger participation of
researchers both from academia and industry. The twenty
ninth NCC will be jointly organised by IIT Guwahati, IIT
Patna and IIT Ropar.

In a bid to boost crosfinctional researh, the Indian
Institute of Technology (IIT) Delhi anthdraprastha

Conference on Communications (NCC) is a flagshignstitute of Information TechnologiflIT) Delhi invited joint

conference in the broad areas of communications,

research projects from faculty members of both

organised every year by the Joint Telematics Group (JTG) of

the Institutes of Technology (lITs) and the Indian Institute
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institutions*. An external experts committee then selected posture of technological innovation and neygéneration
five projects for seed grants. With the paradigm shift research.

associated with the advent of Industry 4.0 it is clear that
there is a convergence of disciplines. This unique
collaborative initiative has already brought together faculty
members from both the institutes and inspired them to

define problems of mutual interest, exchange expertise and
foster relationships. The overall @etive is to improve the

The externalisation of knowledge in the form of-co
publishing is generally associated with National Assessment
and Accreditation Council (NAAC) accreditation urttier
pillar of research innovation and extension, or the National
Institutional Ranking Framework (NIRF) under the pillar of
research and professional practice

BOX2:5Gi-¢ KS Wal RS Ay LYRAIFQ pD wlRA2 LYGSNFIOS ¢SOKy

Objective

India has developed a set of 5G standards, called 5Gi, to facilitate the spread of 5G networks in rural and remo
of the country

Approach

The 5Gi standard, also known as Radio Interface Technology, is a local 5G standard developadIbis Itidi result
of a joint collaboration between IIT Madras, IIT Hyderabad, Centre of Excellence in Wireless Technology- (C
autonomous research society of IIT Madras, and the Telecommunications Standards Development Saociety, Indig
- national telecom standards development organization.

In 2021, the ITU (International Telecommunication Union) and 3GPP approved the 5Gi standard and agreed t
Alad ALISOATAOIGAZ2YA SgAGK AYOGSNYIFdGA2Yyl f pdbdand spécligations
for telecommunications technologies. It is the first time that Indian contributions will be included in global stan
which is considered a huge win for India as 3GPP rarely approves competing standards to maintain
interoperability#® This offers more range at lower frequency then 5G network which works at higher frequ
bandwidths

Anticipated outcomes

The 5Gi standard has been developed for a more-effettive implementation and wider 5G connectivity. This ig
hugestep towards building a strong homegrown 5G mobile communications ecosystem in the cduntry.

Inter-relationships School of Advanced Studies (SAS) signing a memorandum
of understanding (MoU) with the Cisco Networking

! O RSye o62yS 2F /Aa02Qa O2NLE2NI
priorities) to address the skills gaps in digital skills towards
sustainalility. This joint MoU will enable students to

t SOSNF 38 (GKS a/Aad2 bSGg2Nl Ay3
The knowledgebase has been interacting with industry and skills and knowledge and implement the same in their
intermediaries for the training of the future workforce in subject areas of environment, climate change, geo spatial

skills relevant to the ICT industry while also impng data and other areas related to sustainable depehent.

employment opportunities for the youth in India. Onev From the perspective of knowleddmsed interactigns with

SEFLYLXS 2F GKA& A& GKS ONEL 0 A2 2%, JKS GRAd gl f #17\”
< < A N other system actors, to some exten e combination o
I O RSY énttidive df }WASSCOM anlI Madrasto

] ) ) formal and informal mechanisms of interaction enables the
deliver structured [ITeS skill programmes through online . . o L
o . dissolution of organizational rigidities and better exchange
and classroom trainings. Anath example is the TERI

Collective interrelationships with other actors of the
system, the most prominent interactions are formal and
informal meetings, seminars and training, joint research,
and as recipients of funding.

a

YVoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

48 Sourced fromhttps://tim esofindia.indiatimes.com/city/delhi/iiiit-tie-up-for-nextgenerationresearch/articleshow/88497732.cms

49 Sourced fromhttps://www.6gworld.com/exclusives/caimdia-live-up-to-its-6g-ambitions/

50 Sourced fromhttps://government.economictimes.indiatimes.com/news/governance/ind@sn-indigenouslydeveloped5atechnologyto-be-deployed
in-rollouts-mos-communicationdevusinhchauhan/93445293
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of ideas, whichmay then be formalised in terms of formal Ltd, a nomrbanking financial company, and the Indian
transfer mechanisms like licensing and the acquisition of Institute of Technology Madras have signed up an
patents (Jensen and Thursby, 2001; Thursby and Kempagreement to design and boost innovation programmes
2002), joint research (Cockburn and Henderson, 1998) orand carry out joint research activities. This partnership aims
consulting (Thursby et al., 2007). An exampfe jant to provide technology solutiws in the space of FinTech and
research and licensing agreements is the IIT Madrasdata science.

collaborating* with IBM on quantum computingeducation

and research. The collaboration would provite
lITMadras faculty, researchers, and students access to
IBMs quantum systems and tools ovdM Cloud. Other
indications of joint research involving intermediaries is GS1
India, a global supply chain standards organization, and
Midas Research Lab of the Indraprastha Institute of
Information Technology, Delhi, a leading reseandented
academ¢ institute, signing a Memorandum  of
Understanding (MOWj to create the DataKart Centre of
Excellence (DCoE). The aim is to apply artificial intelligenc
machine learning and other futuristic technologies to
develop tools for image compression, attribute extraction,
and for improving the quality of product datm the
National Product Data Repository (DataKart).

The following examples highlight the flow of funds between
knowledgebased institutions and other system actors,
namely government and arbitrageurs and financial
institutions. The Department of Science
andTechnologyDST) has funddiR 100 crore for

establishing a cognitevzcomputing hub at the Indraprastha

Institute of Information Technology (IlIT), Delhi under the

{ 8 & S YHPPETheaDST is working towards creating
a seamless ecosystem for CPS technologies inguzhsic
eémd applied knowledge generation, human resources,
technologies, startups, and industry connect. iHUB
Anubhuti at the [IIT Delhi will build a strong tripartite
collaboration between industries, academia and
government agencies and become both aggregator as
An example of the knowledgebase working with the well as a custodian of the roadmap in its areas of cognitive
government is [IT Jodhpur signing an MoU with the Jodhpurcomputing and social sensing. The hub has beemugédb
City Knowledge and Innovation Foundation (JCKIF) andreate a collaboration between industries, academic
RajCOMP Info Services Ltd. (RISL), a Guoeet of institutions, and government agencies to innovate and
Rajasthan undertaking to establish the joint initiative on develop datadriven cognitive computing solutions.

Artificial Intelligence of Things (AIOT) systems and

Additionally, the SBI and IIT Bombay signed an MoU with a
technology development.

strategic initiative to promote innovation by engaging with
Similarly, with respect to knowledg®ased institutions and  startups in the area of FinTech, through funding,
arbitrageurs and financial institutions, TVS Cr&#tvices  procurement and cannovation unde a special window

YVoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

51 Sourced fromhttps:/economictimes.indiatimes.com/tech/informatiotech/iit-madrasto-collaboratewith-ibm-on-quantum
computing/articleshow/83120124.cms

52 Sourced fromhttps://indiaeducationdiary.in/gsdindia-signsmou-with-iiit-delhismidasresearchlab-to-establishthe-datakartcentre-of-excellence/
58 Sourced fromhttps://www.livemint.com/education/news/dstgrantsrs-100-crore-for-cognitivecomputinghub-at-iiitdelhi-11630143923094.html
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FIGURHEY: Knowledgebased institution relationships
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Figure 20 highlights government intrand interlinkages.
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In order to utilise and harness the benefits of cloud
computing, the Government of India embarked upon an

' YOAGAR2dzA AYAUGALI GADBS fbafisol nmo
this initiative is to accelerate the delivery ofservices in

the country while optimising the ICT spending of the
government. The MEITY has centralised the cloud service

meetings, seminars and training, joint research and as offerings of major Cloud Service Providers (CSPs) for ease of

recipients of funding.

Due to the complexity of policy making, the division of

cloud procuement for the government departments and
service offerings are formally communicated to

labour between government agencies makes it almost government departments through a centralised platform

impossible fo one agency to dominate the process. Joint

(MEITY, 2013).

efforts involving different agencies are essential as is|n August 2022, the National-®overnance Division

highlighted by formal and informal communication.
Therefore, communication, coordination, and mutual

(NeGD), under the MEITY, organised a cap#ciiiging
programme for cloud computing targeting government

adjustment between these stakeholders and between the officials at the centre and state levels. This was done to
Stakeholdel’s and the enVironment against Wthh pollcy iS ensure the ava||ab|||ty Of adequate knowledge and

made is required (Flanagan et al., 2011).

appropriate competencies and skill sets to optimally utilise
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the benefits of cloud comging in egovernance f. BHIM cash back schemes for merchants.

ractices*. . .
P g. BHIM Aadhaar merchant incentive schemes.

hiKSNJ f ' Y_R YN AY 7\_ U_A b _A_Q S g}] él-}{hﬁ)rtefgr%g %onususFéh%mesdfosr (r\d:'l'w}auuallé.f LY RA L &
programme, with a vision to transform India into a digitally

SYLRGSNBR az20Aa8dG& | yR 1y 2 ¢QeR midativésOang 2crogs pgovrgrmedidreas 308 =

t I LISNI Saaz /| akKf Saaé¢ MDmitak y Sollaboratian KnéludeJie MEIRYa BIRboming Bith the ¥

India and the promotion of digital payments has been Ministry of Finance on developing a strategy for block
accorded the highest priority by the Government of Indiato chain/cryptocurrency technologies.

bring each and every segment of the country under the
formal fold of digital payment services. The vision is to
facilitate seamless digl payments to all Indian citizens in
a convenient, easy, affordable, quick and secured manner.

Beyond policy, the Centre for Development of Telematics
(GDOT) and Centre for Development of Advanced
Computing (€DAC) signed an MoU at Semiconindia 2822
to boost indigenous telecom and ICT technological design
Several activities for the promotion of digital payments and development.

have been announced, including setting a target of INR
2,500 crore digital payment transactions in BG17-18,
through Unified Payments Interface (UPI), Unstructured
Supplementary Service Data (USSD), Aadhar
Immediate Payment Service (IMPS) and debit cards.

An example of funding flow between government entities
is the Medical Electronics Incubation Centre at the IIT
Patna. In 2014AMEITY approved a project for development
Payof product and IP creation in the Electronics System Design

& Manufacturing (ESDM) industry with a focus on medical
The MEITY has been entrusted with the responsibility of electronics at a total estimated cost of INR 47.10 crore
f SFRAY3I GKS at NP ¥atidds 2ngludidg insludBgaiGrain-Agd REINR 22.10 ore from the MEITY.
SAIAGEE tlFeyYSydaé AyAlAl G ATPeSState Gorernmeat of Bikangpniripugied I19R/25 cgdre NUA 2 dza
strategies and ideation with multiple stakeholders including the project. The incubation facility developed through the
banks, central ministries/departments and states, to create MEITY and state government partnership has incubated
an ecosystem to enable digital payments across the over 60 startups and given INR 6 crore in seed funding to
country. date®®, The primary objective of this is to promote
innovation and entrepreneurship with the aim to identify,
nurture and translate technological ideas and innovation in
"the broad area of the ESDM sector with a focus in medical
electronics.

The MEITY has undertaken several initiatives to promote
digital payments and achieve the targets in a mission mode
including but not limited to:

a. Digital payment transaction targets have been
assigned to central ministries with high citizen touch
points, ard public and private sector banks to achieve Onreview of the intefrelationships between government
the target as announced in the Budget Speech for FYand other system actors, the most prominent types of
201718. interaction are formal meetings, seminars and training,

joint research, as recipients of funding andpablishing.

Inter-relationships

b. Training and workshops on digital payments
awareness have been conducted and planned with Multi-stakeholder processes in policy craft are crucial in
several ministries. bringing together major stakeholders to participate in
formal communication, decision finding (and decision
making) on a particular issue (Hemmati, 2002). Haring et al.,
(2009) highlight the view foseveral authors in defining
different types of participation in mukstakeholder
processes (Biggs, 1989; Lilja and Ashby, 1999; Pretty, 1995;
d. Adigital payment dashboard has been created to track White, 1996). Probst and Hagmann (2003) described
and monitor the progress of digital transactions linkages between different social actors, according to
achieved by banks. varying degrees of involvement in and control over
decisionYF {TAy3a Ay G(GKS NBflIGA2yaKALD
collaborate and are put on an equal footing, emphasising
linkage through an exchange of knowledge, different

c. Promotional material on digital paymerihcluding
information, education and communication (IEC) is
being shared with stakeholders to create awareness
and sensitisation.

e. A poomotion and awareness approach framework on
digital payments has been shared with banks.

1212 Y %Y Y2Y2YY2YY Y2 Yo Yo Yo Yo Yo Yo

54 Sourced fromhttps://opengovasia.com/indisbuilds-cloud-computingcapacitybuilding/
55 Sourced fromhttps://www.cdac.in/findex.aspx?id=pk itn spot1277

56 Sourced fromhttps://iciitp.com/
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contributions and a sharing of decisiomaking power capturing growth opportunities in the ICT sector. In
RdzZNRyYy3a GKS Ayy20@FGdA2y LINE Gdlitioa,¢it wvillt deBsiise,( create/ 0 awarehass Vnds
2003: p. 6). disseminate the scheme among stakeholders; a second
component of the scheme has been proposed to support
IPR awareness.
Quality. Stakeholders add specific experiences and . ) ) )
knowledge of issue areas that are not easily accessibleA pace with this, the ME,lTY mauguraues.i/orld class skills
0 others. development centre at Dixon Technologies, Né&ida offer

full-time skills training and courses to 1000 candidates
Credibility: Multi-stakeholder processes include groups dzy RSNJ (1 KS a9L¢, Qa a{ OKSYS TF2NJ {7
that do not represent the same interests. Likelihood of Electronics System Design and Manufacturing (ESDM)
impact and implementation: Being part of a multi  { § O i 2 dhETE@hNnBIdgfis a beneficiary company under
stakeholder process, and thus partly responsible forits § KS &t NB RdzOGA2Y [AY1SR LyOSyi(A D
2dzi 02 YSaz Oy AYONBlasS LIMETY thRédgh tiinfiktivel tHeSaoliernedt ofrigi& is
outcome and enhance their efforts to communicate helping the industries to scalgp their manufacturing
and implement them. capacities as well as support industry eveloping skilled
manpower for its production requirements. After the
training of the candidates, they will get the skill certification
from the Electronic Sector Skill Council of India (ESSCI).

The benefits of multstakeholder processes include:

Societal gains Democratic participation, equitable
involvement and transparent mechanisms of influence
create successful communication across interest
groups and competitors. Consenshisilding and joint  Highlighting the crucial importance of research for the
decisionmaking can increase mutual respect and sectlNE dLat  OGAy3 wSaSFNDK Lby2adl
tolerance and lead societies out of deadlock and 6 L at wL b ¢ 0 éof-itsikéad, PanllTF anNEISc joint

conflict on contentious issues. initiative to develop a (a) new education policy, and (b)

roadmap for research to solve major engineering and

technology challenges in selected domaineeded by the

country. The core objective is to enable, empower and

With this in mind, it is crucial to highlight the key role of
industry associations in working with the gomment to
support policy making as they can convey the views of their
members and address concerns, if any. As such NASSCOWbOld?n th,e Pation for inf:“fSive gr,owtrl and ssﬂﬁance.

plays a crucial role in building an enabling policy framework¢ 2 REUS> dyRSNJ UKS FS3ra 2% Lat)
for the growth of the ICT sector. Since its inception, under implementation with partial funding from the MEITY

NASSCOM has fmsed on evidencéased policy advocacy (MEITY, 202).

that provides an unbiased perspective to policy makers. Other initiatives include collaboration  between

With inputs from multiple stakeholders across segments government and intermediaries. NASSCOM, the MEITY and

that comprise the membership, NASSCOM is able to collateGovernment of Andhra Pradesh joint partnership has

and distill information to present various persg&es in an launched the Centre of Excellence on loT an89Adt

unbiased way. Andhra University Campus in Visakhapatnam eaim

Over the years, NASSCOM has enabled several changes"f}%promOting innovation in emerging technologies of the
key policies in India to support the growth of the industry. loT, fA‘Ij rObOt'Cf’ et".c. The centre avaS to evtdvarTce the .
It has built a symbiotic relationship with the Government of D2GSNYYSyd 2% LYyRAFQa a5A3A0LT |

India on key issues relating to this sector andsssito be a provision of open labs and infrastructure to create and
trusted industry partner in policy framing and review. validate solutions from desigto prototype to democratise

innovation. It also promotes entrepreneurship by providing
Knowledge dissemination in the form of seminars and zn incubation facility for peeto-peer learning with the
training emerges at multiple levels. In 2016, the penefit of an industrial environment. Startups in the state
Department of Electronics and Information Technology zre also expected to benefit through the laundhtioe new
tdzyOKSR I aOKSYSr Iptemétbrial & derizbd@hNFHeweF opportunities in areas of their
tFaSyd t NE U S @diangisto proyidedirmanciélé gevelopment, mentorship, funding, and the adoption of
support to MSMEs and technology startup units for their solutions in the industry.
international patent filing to encourage innovation and
recognise the value and capabilities of global IP along with

Many of the aforementioned initiatives have highlighted
funding from multiple sources. However, an example of
1212 Y %Y Y2Y2YY2YY Y2 Yo Yo Yo Yo Yo Yo

57 Sourced fromhttps://www.meity.gov.in/content/sipprotection-electronicsit-sip-eit-scheme

58 Sourced fromhttps://theeducationpost.in/meitylaunchesskilttrainingrunder-esdmscheme/
59 Sourced fromhttps://indiaai.gov.in/news/meitynasscomgovt-of-andhrapradeshlaunchcoeof-iot-ai-in-vizag
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targeted funding for the sector is the Karnataka Information Information Tehnology Services (KBITS), Small Industries
Technology Venture Capital Fund (KITVEN Fund) which is Bevelopment Bank of India (SIDBI), CanBank Venture
state and central government financial institutidsacked Capital Fund (from Electronic Development Fund, Govt. of
Venture Capital Fund (VCF) operating in the State ofIndia), Life Insurance Corporation of India (LIC), Union Bank
Karnataka since 1999. Thend received subscription from  of India (UBI), Canara Bank, Punjab Natidank, Andhra
premier institutions like Karnataka State Industrial and Bank and KSIIDC Ltd. The KARSEMVEN Fund undertakes
Infrastructure Development Corporation LimitedKSIIDC, investment in the range of INR 2 crore to INR 5 crore per
Karnataka State Financial Corporation KSFC, Small company during the initial stage which can be enhanced up
Industries Development Bank of IndieSIDBI, Karnataka to INR 9.2 crore per company at a later stage in the form of
Bio-technology & Information Technology Services (KBITS)follow-on investment.

etc. I .
A clear example of the general codification and strategic

Similarly, the Karnataka Semiconductor Venture Capitali NI yaYAaairzy 2F (yz2¢6ft SRIAS A4
Fund (KARSEMVEN Fund) is a SEBI registered VentubeL b5L! I A0ES gKAOK Aa | 22Ayid
Capital Fund with a corpus of INR 92.95 crore. The funde-Governance Division (NeGD) and NASSQ@Mas been
proposes to undertake investmesin companies catering setup to prepare the nation for an Al future. The portal has

to semiconductor ESDM, embedded systems and other a plethora of research reports, datasets, case studies,
allied sectors within the State of Karnataka. The fund educational institutes, courses, and articles about the ever
received commitment from state and central government growing field of Al

firms/ institutions/ banks like Karnataka Biotechnology &

BOX3: FutureSkills Prime (Govt. and IndugtLinkage)

Objective

Continuous upskilling and reskilling of IT and ITeS professionals in 10 emerging areas such as, big data analyti
reality, blockchain technology, artificial intelligenceD3orinting / additive manufacturingsybersecurity, Internet of
Things, robotics process automation (RPA), social and mobile, and cloud computing primarily to enable the
industry to tap into market opportunitie®

Approach

A joint initiative of the Ministry of Electronicsl&formation Technology (MEITY), the nodal ministry for IT and ITES
iKS GSOK AYyRdZAGNE NBLINBaSyidldAdS b! {{/hax OIffSR
or upskilling close to 400,000 IT and ITeS professionals in inttia fen emerging tech areas. It aims to achieve hig
impact skill enhancement of IT and related professionals, through an online learning portal offeripgcselfhigh
quality learning content and architecture critically relevant to the industry. Lexarmpting for paid courses are
incentivised through cashback offerings after the successful completion of modules. With an objective of extenc
reach in norurban areas and remote locations, the programme offers bleAéedning options through theetwork

of training centres under the Centre for Development of Advanced Computing and the National Institute of Elec
and Information Technology: FutureSkills Prime also offers trainings for government officials, targeting technica
scientificofficers to make them familiar with the nuances of emerging technologies through industayed courses.

Anticipated outcomes

CdzidzNB{ {Affa tNAYS Aa 2yS 2F GKS fA3IK(IK2dzaS aOKSY
totrand F2NY LYRAIFI Q& RAIAGEHE f1yRaOlILS o0& wHanund . S&A
I32BSNYYSyid Fftaz2 FAYa G2 GNIAY wm YAffA2Yy L¢ | yR L¢
stake.

12Y2Y %Y Y2Y2 Y2 Y2 Yo Yo Yo Yo Yo Yo
60 Sourced fromhttps://pib.gov.in/PressReleasePage.aspx?PRID=1767604
61 Sourced fromhttps://nielit.gov.in/delhi/content/aboutfsprime
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BOX4: Open Network for Digital Commerce (GOBUSINESS Linkage)

Objective

¢KS ahlLISYy bSGg2N] F2NJ 5A3AGFHE / 2YYSNDS o6hbs5/0¢ 4l
Internal Trade (DPIIT) in 2021 to connect atbenmerce players into one network for widening digital advantages
smaller retailers and local buresses, and to curb digital monopolies. By achieving democratisation and decentralis
of e.commerce businesses ONDC wants to accelerate the growth of online retail beyond its 5% share of the tot
market of US$ 1 trillion

Approach

ONDC, implemnted by the Quality Council of India (QCI), promotes open networks developed orsopere
methodology and protocols to ensure inclusivity and access for smaller players to achieve digitisatio
standardisation of value chains, thereby improving tffecency of logistics and co$#slt is not a universal platform or
platform of platforms, but a network that unifies siloed platforms and overcomes the challenges inherent ir
platform model. It aims to create a shift from central platforms storing exchanging value to a decentralised netwo
of interconnected ecosystem actors orchestrating the flow of value. It enables autonomy of buyers and sellers tk
discoverability and trust, agnostic of a platform and across platforms. In turn, thissaboger freedom to consumers
to potentially discover any seller, product, or service by using any e@NB@atible application or platform.

Qutcomes

ONDC is expected to follow the success trajectory of the Unified Payment Interface (UPI) Model fonatgdinent,
where over the last 5 years, the volume of transactions via UPI went from INR 2.38 lakh in 2016 to INR 10 lak
Leveraging UPI services and demand aggregation, ONDC is positioned to positively impact supply chains. Thus
supplies and logistics providers are envisioned to work more efficiently and democrafcailyApril 2022, the DPIIT
launched the ONDC app to sensitise the buyers, sellers, seller apps, logistics providers and others in fiBekitie
NCR, Bengaluru, Bhalp Shillong, and Coimbatore. The first beta testing was held in October in Bangalore for g
and food domains, with the participation of 3 buyer apps, 11 seller apps, 3 logistics providers across 16 i c
Many more partners are in the proceskjoining the network.
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62 Sourced fromhttps://www.pib.gov.in/PressReleasePage.aspx?PRID=1732949
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FIGURRO0: Government relationships
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6.2.4 Intermediary discuss the key issues faced by the sector and to arrive at

the recommendations to be made to thgovernment.
Figure 21 highlights intermediaries intend interlinkages.  Areas of focus include investment, cost of doing business,
ease of ding business, trade; technology & R&D, and job

Intra-relationships ) ]
creation and skills.

The main intrdinkages reported are formal and informal
meetings along with seminars and training. This indicates
high tacit knowledge transfer between intermediaries that,
as was previously elucidated, is crucial for idea generation
and sharing.

The Indian STEPs & Business Incubators Associatiorf{ISBA)
is a common platform for networking and the facilitation of
knowledge transfer between incubators across the country.
The ISBAanducts a yearly conference which is its flagship
networking event that brings together incubators with
Clear patforms for structured communication include ClI experts, investors, government and other stakeholders of
laa20AldA2yaQ [/ 2dzyOAt 6! {/ hé technoénieprdn¥ukdRigNdtdsystiem. TnZrdb&iaYyeddsT
ClI which brings together national level associations from the focus of these platforms has beespics such as startup
across sectors on a common platform. Every year, anincubation; Entrepreneurship 4.0; the future of Indian
ASCON summit is organised and as pérhis summit, 8  jncubation; design change manage growth; innovation
sectorial roundtable with industry members is conducted to
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through incubation; the way forward for sustained inclusive In sum, it is focused on building the architecture integral to
growth; and creating an innovation economy through the development of the IT BPM sector through policy
entrepreneurs ad incubation. advocacy and helps in settig the strategic direction for

. . the secor.
Inter-relationships

Some of the leading platforms which inform the sector
include the Annual Technology Conference, GCC Summit,
and leadership forums with the objective to discuss various
tenets of technologies and their applications in the ICT
sector. The NASSCOM Tecligyl and Innovation
Formal meetings, seminaasd trainings would underscore Conclave, with key themes including: the metaverse,
the function of industry associations in providing a FnTech, deep tech, health tech, Cloud and 5G, retail tech,
collective voice for their members and conveying the same diversity and inclusion and cybersecurity, is another such
to the government. Actively building and maintaining example.

relationships through discussions, meetings or workshops

nl intermediari ntributin he pr n L . .
canlead to intermediaries contributing to the process and based institutions, a collaboration has been established by

ca? |n;:re§§e th%:z‘:@g?\j_thst experlljer;ci WI: |rL1jcS)r$m2 the Indian Institute of Information Technology (IlIT) Sri City,
policy decisions. Is the apex body for the 28 hitto rthrough an MoA with the Data Securlty Council of

oAttAzy Le .ta AYyRdAUNE A ylndlayse{up by NA%gc%M l’f’or conduc{\lng joint acad%mlé {

work are to: and research programes in cybersecurity. The MoA is part
Reskilandup 1 Af f LYRAIF Q& 62 NJ T afNaegaraiiog to SyppodziBew BREh dpecialfsafidn in
is future ready in terms of new age skills and jobs. cybersecurity launched by the IlIT Sri City.

With respect to intefrelationships the most prominent are
those of the intra relationships, namely: seminars and
training, formal and informal meetings, recipient of funding
and joint research.

With respect to intermediary interaction with knowledge

/I haQ:e

Strengthen India's innovation quotient and impact. In the case of incubators supporting the innovation process,
the HDFC Bank signed an MoU with the Enterprise
Incubafon Centre (EIC) of premieklBOK 2 2f LlLa [ dzOly 2
Noida campus. The MoU seeks to help startups with
Create new market accesslimdia and across the globe. mentoring, training, product acceleration, and banking
services

Drive policy advocacy to advance trust, innovation and
ease of doing business.

Champion equal opportunities and diversity.
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FIGUREZ Intermediary relationships

6.2.5 Arbitrageurs and Financial BFSI companies are looking at solving the core problems
through partnerships. This is exemplified by the case of

banks tying up with notanking financie companies
Figure 22 highlights arbitrageur and financial institution (NBFCs) under a dending model, where NBFCs can
intra- and interlinkages. leverage a huge balance sheet while banks get access to a
large customer base. Such partnerships are creating a
symbiotic relationship that can propel the two diverse
The main intrdinkages reported are formal and informal institutions forward as its difficult to operate in a silo in an
meetings, seminars and training and as recipients of increasingly digital world. Consequently, the fourth ETBFSI
funding. CXO Conclave, organised by Economic Times, focuses on
sharing knowledge and strengthening partnerships,
fostering connections between financial institutionand
sharing best practices.

Institutions

Intra-relationships

In order for arbitrageurs and financial institutions to
effectively stay on track with the market and assess risk,
information flow is eucial. Financial institutions are joining
forces with startups to jumystart innovation, especially in  An example of funding flows between financial institutions
payments. Banking, financial services and insurance (BFSi$ how the State Bank of India (SBI), has entered into-a co
companies are collaborating with FinTech companies ratherlending agreement with U GRO Capital (a technology
than developing their own #nouse solutions, taking  focused small business lending platform) to offer stgit
advantage of proven technologies and business modelsfinancing solutions to the unserved and underserved
while also often saving costs. MSMEs of the country in line with the Reserve Bank of India
guidelines.
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