7 R vd e e =  UNITED NATIONS

RN
!’IWE gg::’EAPFggE'\%EgENOLOGY @2 INDUSTRIAL DEVELOPMENT ORGANIZATION

INDIAN AUTOMOTIVE
SECTORIAL SYSTEM OF
INNOVATION (IASSI)

United Nations Industrial Development Organization (UNIDC
Department of Science & Technology, Government of India

March 2023



009006

www.unido.org
(RN

UNID UNITED NATIONS
w INDUSTRIAL DEVELOPMENT ORGANIZATION

5Aa0fl AYSNJ

Copyright © United Nations Industrial Development Organization, 2023. This document has been produced without formal
United Nations editing. The designations employed and the presentation of the material in this document does not imply
any expressions ofrg opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territityyor area or of its authorities, or concerning

the delimitation of its fronties or boundaries, or its economic system or degree of development.

58aArA3ayl iArA2ya adzOK &4 GRSOSt21LISREY GAYRAZAGNALFf AT SRE 2N aRS¢
necessarily express judgment about the stage reached by a counamearin the development process. Mention of firm
names or commercial products does not constitute an endorsement by UNIDO.

Although great care has been taken to maintain the accuracy of the information herein, neither UNIDO nor its member states
assume aw responsibility for consequences which may arise from the use of the material.

The information and views set out in this report are those of the author(s) and do not necessarily reflect the offical opini
of UNIDO. UNIDO, nor any person acting on thehalf, may be held responsible for the use which may be made of the
information contained within.


http://www.unido.org/
www.unido.org
https://www.facebook.com/UNIDO.HQ
https://www.facebook.com/UNIDO.HQ
https://www.linkedin.com/company/unido/
https://www.linkedin.com/company/unido/
https://www.instagram.com/unido_newsroom/
https://www.instagram.com/unido_newsroom/
https://www.youtube.com/user/UNIDObeta
https://www.youtube.com/user/UNIDObeta
https://twitter.com/UNIDO
https://twitter.com/UNIDO

INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF
INNOVATION (IASRIMEASUREMENT, ANALYSIS
AND POLICY RECOMMENDATIONS

UNIDQODST Survey Report

March 2023Vienna, Austria

i from o sttt R

“@" UNITED NATIONS
I DEPARTMENT OF gil D

48 SCIENCE & TECHNOLOGY INDUSTRIAL DEVELOPMENT ORGANIZATION




<

ULNYr Us$BS

s oBa2G A_ NB2 TOW6 A&
RoTZheBBR b

B2l A_ NB2 TOn6& nl
gFgBah oB2G Kadiac ed

Dr. JITENDRA SIN

Minister of State (Independent Char

of the Ministry of Science and Technolc
Minister of State (Independent Chart

of the Ministry of Earth Science

=

[ani]

A ST LA z A
i 5B2d n66anU Tlac Uy Minister of State in the Ministry of Personr
i 5B28 ABNUG6U Ur Oux ' Public Grievances and Pensic

QOc Oy Oy Oy Oy Oy Cc Oy ™
[ani]
oy M W 1 TP

Minister of State in the Department of Atomic Energy
Minister of State in the Department of &g
Government of Indi

i

6N S6KO6o

@ p

MESSAGE

I am pleased to extend my warmest congratulations to the Department of Science and Technology (DST) and the
United Nations Industrial Development Organization (UNIDO) on the successful completion ofitr@Ndanufacturing
Innovation Survey (NMIS) 20214 @ ¢ KS NB&adz Ga 2F GKS adzZNIBS@ LINPGARS aAIYyATAC
manufacturing sector. The Government of India has been steadfast in its commitment in promoting the civempesi of
Indian manufacturing and increasing its contribution to the GDP. In the past decade, key policies and programmes have been
implemented to stimulate innovation, entrepreneurship and the adoption of new technologies. Additionally;skzalpe
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 add 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,
AyOf dzRAYy3a St SOGNRBYyAOaT LIKIFNYIFOSdziAOItaxr YR ldzizY20Af Sax |
recommendations Wi undoubtedly strengthen our efforts to address the challenges and opportunities in manufacturing
that require immediate attention.

I would once again like to applaud DST and UNIDO for their fruitful collaboration in bringing out NMIS reports
and offeringrecommendations for continued growth and success of the Indian manufacturing sector.
Z

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

Anusandhan Bhawan, 2, Rafi Marg South Block, New Dellg 11001!
New Delhi 110001 Tel. : 01323010191 Fax : 022301793:
Tel. : 01123316766, 23714230, North Block, New Dellgj 110001
Fax.: 0123316745 Tel. :011-23092475 Fax : 032309271t
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FOREWORD

| am pleased to present the National Manufacturing Innovation Survey (NMIS)220&bort on behalf of thé®epartment
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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 innovation survey in 2011, is a focused effort to evaluate the state of innovation in
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survey provides a comprehensive understanding of the Indian manufacturing innovation landscape.

The NMIS 20222 findings offer valuable insights into the enabling characteristics and barriers to innofeatezhby firms,
and closely evaluated the performance of states and sectors in terms of producing new products and services. The detailed
analysis of the survey results provides valuable insights into the innovation ecosystem in India. | anticipepothis be

of great interest to policymakers, researchers, and practitioners in the field of innovation and economic development.

Furthermore, the findings and recommendations of NMIS offer strong insights for strengthening the scope of the 5th

National 8ience, Technology and Innovation Policy (STIP) (draft), to enable a holistic ecosystem for science, technology, and

innovation that includes academia, industry, government, and civil society, with a stronger vision for manufacturing

innovation to bolstethe Make in India agenda.

I am confident that these reports will serve as an essential resource for all those interested in the state of innovatiian in

providing valuable information that can contribute to the development of policies and initiathatscan foster a more

innovative and dynamic manufacturing sector in the country.

&
____,’_-’."/
(S. Chandrasekhar)

Technology Bhavan, New Mehrauli Road, N&welhi- 110016
Tel: 0091 11 26511439/ 26510068 | Fax: 00 91 11 2686384mak 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 andettienical 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 eagetinoiog the longstanding collaboration

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

jjk

Ciyong Zou
Deputy to the Director General and Managing Director,

Directorate of Technical Cooperation and Sustainafdieistrial Development,
United Nations Industrial Development Organization (UNIDO)
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Dr. Akhilesh Gupt:i

PREFACE

The National Manufacturing Innovation Survey (NMIS) 2Z2R1s a significant step towards assessing manufacturing
innovation in India. Thebjective of the survey was to evaluate the performance of states, sectors, and firm sizes in terms
of innovation processes, outcomes, and barriers, as well as the innovation ecosystem that affects innovation outcomes. The
NMIS 202122 offers a comprehenge 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 Manufactimimgvation Index (IMII) for guiding decisiaraking 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.

tKS 6! 344SadwBi LYW 2C0ANM 2y AY LYRALFY al ydzFl Oi-depth ahdlysis NS L32 NI
of innovation activities, outcomes, and barriers in manufacturing firms. Additionally, the NMIS2202tvey produced five

reports studying the sectorial systanof innovation within manufacturing sectors, namely, Automotive, Pharmaceutical,

Textiles, Food & Beverages, and Information & Communication Technologies (ICT). These reports examine the collaborative
processes between innovation stakeholders and the wation 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 eighty peradnthese 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 innovation estreitjuire 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 future, ferstiladdressing

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 particular attention

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 will be of grees value
valuable resource and reference note.

(Akhilesh Gupta)

Technology Bhawan, New Mehrauli Road, New Delbil0016
Phone: +9111-26862512 Email: akhilesh.g@nic.in, gakhilesh2008 @gmail.com, Website: www.dst.gov.in
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Preface

The goal of crafting a US$ 5 trillion economy by 2026 g At f NBIJjdZANB NBAYy @Sy liAy3a LYRALY YI
aspiration to become a global econonmiowerhouse will be based on the foundation of a robust industrial sector and its

innovative performance. To deliver rapid and sustained industrial growth over the next few decades, the Government of

India (Gol) needs to strategically focus on building at rgeneration intelligent manufacturing base with domestic
manufacturing companies becoming an integral part of global supply chains. To become a global manufacturing superpower

a manufacturing revolution needs to be catalysed. India must harness itpeofr advantages and leverage its strong

Information Technology (IT) sector and drive supply chain efficiencies and productivity growth through use of IT deployed at

scale.

Creating an industrial revolution of this scale would require the Indian governhtodarmulate a comprehensive vision for
industrial development and execute it through the implementation of coherent and effective industrial policy. The
unprecedented disruptions of societies and economies caused by the €l©@\pdhdemic have emphasisttk need to take
immediate action. In recent years, the Government of India (Gol) has launched special initiatives like Production Linked
LYOSydGA@S o6t [ L0 a0OKSYSa (2 &aK2NB dzZJ LYRAIFIQa AyRdmd NALFE OF
creating and nurturing global champions capable of producing for the world. The PLI scheme is a time bound initiative with
a clear mandate of focusing on critical sectors such as automotives that can attract maximum investments and scale rapidly
to provide the maximum returns in terms of higher productivity, employment and exports. This scheme is also designed to
identify and support the adoption of the Fourth Industrial Revolution (4IR) technologies that are opening new avenues of
opportunity for advacing economic competitiveness, creating shared prosperity, safeguarding the environment, and
strengthening knowledge and institutions.

With knowledge emerging as a critical resource, its better management and flow among people, enterprises and fisstitutio

is key to the innovative process. A System of Innovation (SI) represents the strength and quality of the systematically
organised interactions and linkages between the stakeholders of the ecosystem; namely government, kndbakstte
institutions, indugry, intermediaries (institutions supporting technical change, industry associations and incubators), and
arbitrageurs (venture capital, angel investors, and financial institutions). The mapping and visualisation of the dynamics of
an innovation system arerucial to formulating evidenebased policy for the effective use of resources.

The growth of the Indian automotive sector depends on the utilisation of the 4IR technologies, innovation and knowledge
production, the availability of a skilled workforcendaon the need for timely and reasonable policy and regulatory support

for the sector as it doggedly takes to robotics and automation. It needs clear and targeted policy, enabling effectii@alloca

of resources to ensure that India ranks among the toeé countries globally for engineering, manufacturing, and the export

of automotives and auto components by 2026. UNIDO acknowledges the importance of evidence in optimally deploying
policy instruments and targeting available resources (economic incenéimd institutions) so that the Indian automotive

sector can achieve a competitive advantage. The development of dumetioning SI works as a driver for letegm socio

economic development.

¢KS GLYRAFY 1dzi2Y20A0S {SOG2ENRINTIEE &1 338 2 F RL w2 dleErSAYy (KLS!
2LIR NI dzy AGASE FNAAAY3I FTNRY (G(KS Ayy20liArAz2y &aeaiaSyeo ¢KS |
al ydzFl OlddzNAyYy 3 Lyy2@FGA2Yy { dzRAEhe heasDeryeRtdbDdh $his subvéy ehabldsGhe Ay H
provision of evidence to guide policy. Hence, the IASSI Report is a source of policy insight for supporting the Gadt® elabor

an evidencébased industrial policy that articulates the role of science, technology, and innovatioughout the economy.

Moreover, the policy analysis, implications arising from the analysis and the policy recommendations presented in the report

offer a range of evidenebased policy choices to facilitate policy decisions related to the role ¢brsa@icsystem actors in

GKS RNIFG abldAaz2ylt | dzi2Y2dAdSas ore bfihd dpecialisedyagedtiestok the Urviitey R (S
Nations systeng to provide its member states with capacibyilding and policy advisory services is manifest is téport.

¢KS OKILIWGISNAR Ay GKAa NBLRNI | NRBididgKpSlicyNiBalysisf aitd engiricdl fededidh @na & S NIJ.
the Indian automotive sector. It aims to enhance the understanding of the role of the core actors and their ioteractil

perspectives, thus providing a solid basis for strategic planning, policy, and the management of policy actions to achieve
national targets and goals effectively.
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9OESOdzi A @S { dzY Y|l NE

This report, titledthed LY RA L'y ! dzi2 Y2 0 A @& if iBgeiasvelRhhtf policyinakérSietv the analysis,

of Innovation (IASSt) Measurement, Analysis, and Policy A YLX A Ol iA2yaX |yR NBO2YYSyRIGAZ
wSO2YYSYRI(GAZ2Yyaé ad2NIISeada A ¥obioit perkoBmdnce iyaR emes§iyigebhaing avGig tbel &

in the automotive sector in India and maps the functioning context of the COVHR9 pandemic, which hit all sectors

of innovation and the associated collaborativeopesses  across the globe. The analysis of the Gol policy documents,

between innovation stakeholders. The survey and analysisthe mappingand measurement of the IASSI in terms of

gSNBE dzy RSNIil {Sy 6AGKAY (K Sanaysidg Yirkag@sNbetweF (arill Kv@hin)a dotorigkofpg, I £
Manufacturing Innovation Survey 2021H ¢ O b a L { bafriers M@ 3Innovation; and the success of policy

co-designed with and funded by the Department of Science instruments disclose the significant key policy analysis

and Technology, Governmeaf India, (Gol). findings, the major implications from the analysisdahe

. ) recommendations that stem from them.
The report has been compiled for the Gol to inform

innovation policy and improve innovation practices within In the specific case of the automotive sector, our
the sector. Furthermore, it aims to facilitate coherent assessment is that the IASSI falls into the category of a
delivery of innovation policy and the establishment of a Triple Helix (TH) Type Il transitioning to Triple Helix Type Ill,
longterm policy monitoring and management capability as per the traditional framing of th€H model. THype |
for the sector. can be considered to be statist, and the three spheres of the
o ) _actors are strongly institutionally defined, however, work in
Although there are many significant challenges identified, js,|ation leading to the local technological knowledge also
the implications arising from the analyses, and the policy being kept isolated.
recommendations to address these implications provide an
unprecedented menu of edencebased development TH Type llrefers to mechanisms of communication
priorities and policy choices to address the challenges. Thebetween the actors that are strongly influenced by the
approach outlined in this report is comprehensive and market and technological innovations. In this case, the
holistic for mapping and measuring the Indian Automotive point of control is at the interfaces and consequently new
Sectorial System of Innovation (IASSI). It provides ancodes of communication are developed. Howeviar,TH
accuate visualisation of the connectivity betweenthecore ¢ @ LJS LLLX GKS | OQG2NRBR | aadzrS Sl
actors of the IASSI, the significant barriers to innovation andinstitutional spheres as well as the performance of their
innovativeness, and the relative success of current policiestraditional functions with the formation of a complex
in overcoming these barriers. After all, it is not the number network of organizational ties, both formal and informal,
of assets In@ has when considering innovation and among the overlapping sphes of operations. It could be
innovativeness, but rather how well and coherently they said that the interactions between the actors of the system
are connected and managed and if they are achievingare more competitive rather than collaborative in nature
innovative products and business processes and
subsequent economic value.

FIGURH: Triple Helix types

GOVERNMENT GOVERNMENT GOVERNMENT

UNIVERSITY | - INDUSTRY

INDUSTRY - UNIVERSITY INDUSTRY UNIVERSITY

THTYPE | THTYPE Il TH TYPE Il
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Consequently, there is the need to foster linkages between B  With NBa LISOG G2 Wt 2f A0& Cdzy Ol A2
crucial actors of the IASSI, particularly for the use ana G NAFo6ESa INB W[ IOl 27F tS3lf

application of joint research, skills orientation and Ot SENJ yLdA2yl f AYYy20FGA2Y &
development, as well as accesdfitmance. LJdzo t A Ok 32 G NBIdzAg  §A2yaQ FyR
Based on this observation, the inter aidra interactions adzlLEZ Nu Qe L OuzNBR  FAYR AU O2 VLIS
that need attention are: direction and targets which in turn are extremely pertinent

as goal posts for innovation activity and thus bringing

Industry - relations - with  KBIs in the form of nnoyation actors together to address shared research
W{802yRYSy(aQ I yR WwSONHAG Ry QO YSSR G2 0S5 o2taidSNBR

to foster tacit exchange of knowledge. . . ]

¢ KS Yal N] SGQ akKz2ga Ala A Y LR
Industry intralinkages with other industry actors in @ innovation through demanding stomers and
USN)¥a 27T NOKXAyNa NBMod Ay 3 RAYYSEBRGONBS Ofdzaii2 YSNES & 45t
promoted in order to reduce costs, minimise risk, g g & JIYS0od ¢KS OFNRIGESa aaz20al

promote knowledge and technology transfer and W[+ O] 2F AYy20l (A0S OdAal(2YSNEQ
improve market access.

customers.
nrat Ay1r3Sa o0S506SSy v.La ORBYrT2 N F 6 YR A 1 Lis g
NE&SINDKQ ySSR G2 0S5 ad NSEEE KpdbSddred e b‘ugsﬁo% oftdw Vi & andzt @ A
the bolstering of direct support to industry.

effectively identify,mobilise,and deploy skilled,
Research collaborations between universities, and talented, and entrepreneurial human resources who can

public and private research institutions require better conceptualise and deliver innovation activities. This is a
management therefore generating firevel benefits crucial issue particularly with the paradigm shift caused by

leading to innovative ideas and impulses and the digital transfomation and the 4IR. Consequently, the

provision of support for technological development. SYSNEBSyd @I NAlF o6t Sa NB GKS W[IO

o S YEyLR2gSNR FyR WvdztAde 2F G§SOKyA
Secondly, the analysis highlights that relationships between

actors in the IASSI are imbalanced in that there is anfFinally, with respect to policy success, policy instruments

unequal level of exchange between two actors hindering Were analysed in terms of supptjde measurs (services

the flow of knowledge and informan crucial to the  and financial) and demarside measures. The study results

innovation process. This is mainly due to a suboptimal indicate that in general policy instruments are successful,

dzy RENE G yRAY3 2F S OK | O HOWBNEN theypost 8nsugeassiuk policy instipmers repoked i A ¢ $
system of innovation and the terms and conditons ©& Ftf FOG2NE A& WOELX AOAG FANY
unfavourable to meaningful participation. Consequently, Which isalso reflective of the barriers previously reported

WLy Rdza  NBO& n adgy>O (G W2 F QX Wa | Nopes theppoligy jupctiony Thigis reftective of the need to
IFLAGEEQ SYSNBS a GKS dzy RBay aticuate highievel SRrISang visigns downtytheg | A 2 y
within the IASSI. level of industry, in particular T2 and T3 firms, with a

A - . - .. .. reductionintheJevel ofom é)lem L
CNEY GKS LISNELSOGASGS 2F WLYyRdzadN nonQs GKS

3a20A1FGSR O NAFof Sa | Kmddition) pachpactor hap a spestficsviey onglective prop

GSO0Ky2t23A8aQsx w[I 01 dneffecivey roding istrymrntsy vhick needs nte pe
G§SO0Ky2t23A8aQs w/2ali 27F L gopsdered §iier gelegtipg=papgligyamix.| Plijy selectipny 2
AYFNI &0 NHZOGdzNBE F2NJ Lnon Qo shoulduot besar arlitrarg rgresk. (It ghowd d&Rased ony | Ng &
improvement since the COWID® pandemic a lack of evidence and reflet the needs of the actors in the system
understanding of the value, goals and needs of 4RI YR 0S Ay ftAyS 6AGK LyRALFQa 208§
technologies still exists among manyfs, at the T2 or T3~ Major implications of the analysis outlined in the report are
and deeper into the components manufacturing value thatthere are very few externalities that emanate from the
chain. Robust evaluation mechanisms and decision supportPublic goods of funding and pport, and innovation inputs
tools can help manufacturing firms understand the impact need to be better translated into innovation outputs.
of 4IR technologies and effectively implement them. A clear pq 4 result of the noexistent nexus of the knowledgebase
understandng of 4IR technologies, their benefits and
impact can help firms develop an organizatioide 4IR
strategy and set implementation targets. Educating the
workforce on 4IR technologies and upskilling them is key to
its effective implementation.

and industry, research institutions remain weak in their
entrepreneurial outlook and industries in their innovatio

outlook, in turn compromising the effectiveness and impact
of their respective innovation activities. The lack of positive
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externalities magnifies the negative impact of the absent
relationships relevant to innovation in the sector. The

remoteness of aars causes them to be relatively
independent of the policynaking process, especially in

terms of wielding influence in configuring and calibrating
policy to exploit knowledge and intermediating the flows of

technical knowhow. The present public infrasttture

needs to be strengthened to create a fabric of vibrant
linkages that supports innovation. What is required is a

widely accepted conducive environment
organizational rigidities are overcome.

in  which

INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVAT

The IASSI Report demonstrates the value of comprsive
survey and the critical importance of mapping and
measurement to guide the discussion for evidethesed
and collaborative policy making, execution, monitoring and
impact evaluation. A periodic repeat of systematic mapping
and measurement of the IAB$ two to three years is
strongly advised and can help to ascertain the effects of
policy choices, implementation, resource application, and
hence innovation and innovativeness in the Indian
economy.
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t N22SOG /2y GSEQ

¢KS dablGAzyl ¢ al ydzf I O dzNJ yrale ahdysgpargielylstudied the{ imipedd & &his ectsysterh 0
2021-H H € A & -ug to the2Dedar®nint of Science and and its actors on innovations in specific sectors.
¢tSOKy2t238Qadcbob{icad@ybD2LYYEBONARAZ2Y { dzNBISe¢ .

held in 2011. The 2011 survey results showed that most ofl-l The National I\/Ianufacturlng

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 suvey where the
improved ranges of products (better quality and standards), DSTUNIDO collaboration adopted a 36@gree approach
besides improving production capacity and reducing to measuring 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 dastie financial its barriers and support measures at the ecosystem level of
institutions. While these innovative firms struggled with industrial sectorsTo this end, the survey was designed with
cost factor and availability of skilled manpower, more than two specific componentg 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 impéat) innovations in a firm,
The decade that followed the 2011 National Innovation across a broad spectrum of product and business process
Survey saw the launch of key policy initiatives, especiallyinnovations 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
FYR 0622aid (KS acrhgzgedtdtBo@puts Y avgikbie to specific industrial sectors to examine how
where innovation and entrepreneurship programmes were manufacturing firms accessed information, 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 (latadories, universities,
of the secad nationwide innovation survey and partnered policy departments, regulators, competitors, suppliers, and
with the United Nations Industrial 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 of Firmlevel 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 networks
Product innovation (density, distdution, directionality, symmetry of intraand

Business process innovations in (e.g., operation, inter-linkages of actors)

product/business process development, marketing & - The role and impact of actors and institutions on innovation
sales, procurement, distribution & logistics, activities in firms
administration, and management) - Impact of policy instruments (fiscal, monetary, regulatory,
Innovation acivities standards and others)
Sources of information, collaborations, resources - Barriers to innoveon

Factors hampering innovatiaactivities.
Impacts of digitalisation, infrastructure, IP
Impact of COVH29 pandemic
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With a stratified random sample representing micro, small, achieving an ambitious doubMligit growth (NITI Aayog,
medium and large manufacturing companies, the Frm 2018). Further, the agency has also been assessing the
Level Survey targeted 10,139 firms across 58 manufacturing/ F G A 2y Q& LINA2NAGASE FyR &GN} (53
sectors (as per the national industrial classification 2D08 strengthening sciencenal technology (S&T) initiatives to
across the 36 states and union territories in the country. amplify technology development and commercialisation.
The SSI Survey targeted thenavation systems of 5 key Since 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 (Surana et al., 2018). The DST hasdtee
presence across the country, impacting stieel and the forefront of designing and establishing science and
national policies and strategies. These 5 sectors are: Foodechnology entrepreneurship parks, incubation systems,
and Baerages, Textiles and Apparel, Automotive, and technology business incubators to build close linkages
Pharmaceuticals, and Information and Communication between universities, academia, R&D institutions and the
Technologies (ICT). A stratified random sample close toindustry, including MSME and also to generate
7,851 firms and 1,000 nefirm actors were targeted under employmeng. These initiatives led to strong technolegy
the SSI Survey across India. The outcomes dfitheLevel 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 programmes in the country
. . today leveage support offered under various ministries,

1.25|gn|flcance of the Sectoral who also have a manufacturing stake. The public sector

Syste ms of Innovation Sur\/ey enterprise model for biotechnologlyased startups by the

Department for Biotechnology (DBT) has been highly
The SSI Survey postulates that for a firm to be effective insuccessful in converting research into producand
the innovation proces, 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 Technology
knowledge, skills, and resources. Hence, shevey aimed  (MeitY) has been offeringsk capital and lovzost 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 this end, the programmes, and importantly brought SME collaborations
interactions (or linkag®) and the density of these linkages to sectorspecific incubators, thus offering a stronger
to various ecosystem actors were studied to achieceear market access to entrepreneurs.
understanding of these relationships in empirical terms to
assess thdlow of communications and information and
assets between knowledgeased institutions,esearch 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 highowered initiatives to amplifgand

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

and manufacturing mastate of NITI Aayog, the apex policy tax incentives and highisk funding to startupsp ¢ KS a1 G I f
advisory body to the GallIn its strategic recommendation L yy 2 @l G A2y a A aaspegfié atténddd a3 K i & S
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 advancements and predicted a daefin

role for Industry 4.0 intervention in shaping the sector and

YoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Vs

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

2 About NITI Aayodittps://www.niti.gov.in/objectivesandfeatures

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

4 The Startup India initiative (under DPIIT) was launched to improve the innovation ecosystem and handhaddfimuntivise startups and improve
industry-academia partnerships through incubation servidesys://www.startupindia.gov.in/content/dam/inves
india/Templates/public/Action%20Plan.pdf

24


https://www.ncs.gov.in/Documents/NIC_Sector.pdf
https://www.niti.gov.in/objectives-and-features
https://www.niti.gov.in/objectives-and-features
https://www.nstedb.com/institutional/step.htm
https://www.startupindia.gov.in/content/dam/invest-india/Templates/public/Action%20Plan.pdf
https://www.startupindia.gov.in/content/dam/invest-india/Templates/public/Action%20Plan.pdf

INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVAT

its scope to schools and other acadeinggtitutes®. Further, aimed to make India a higlech manuécturing hulS. The

iKS aLy@Sad LYyRAI ¢ LINE 3INI YhsSion ddwatargéts 2izym@rfafadRuringi fectofs [thatlhéve & S
investments in manufacturing, technologies, incentivising key 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 technologies in this periodn the Make in India mission.

have played a key role, such that Bain (2022) reports thatL VRAI Q& F22R alydoke & bélardest Hithiaa 3 2 6

VC investments in India pegged at$38.5 billion in 2021 significant number of registered factories across the
and have positioned India as the third largest startup country attributing to the direct employment of 1.9 million

ecosystem in the worfd people, with 8.9% MVA (food and beverage along with
The SSI Survey was positioned to examine how such poI|c§PbaCC°) (UNIDO IAP, 2023). Despite being a major trader
ay R SELRNISNI 27 I INX Odzt (i dzNB LINE

and institutional arrangements (innovation/incubation
programmes established in various technology and highe
education institutes) across the country have impacted the
collaboration of firms with aademia, startups and
investors for commercialising innovations, thereby
addressing various transactigrlated problems endemic

rprocessed food is less than 10% owing to critical
impediments acrossupply chain infrastructure, production
and processing, inefficient capacity utilisation, quality and
safety challenges, and slow prartu and technology
interventions(RBI, 2020)Similarly, the other large sector in

to labto-market journeys. Studies show that traditional the survey, the textiles and apparel sector, has a prominent

R&D institutions in the country, however, continue to manufacturing presence in many states and provides direct

LINK 2 NR (2138 NI SHSNDK ¢ 2 ¢S NI TP 181 Moken 1ap 2 49n maljpg Pppple and
NEASENDKE FyR 2y GKS 20 KSNPIRIuEsE0ose fo579p0( MAIN ge218% he; Indian; 4,1 x & &
KI 8 O0NRdZAKG FdGSydrzy G2 ©xid andropard isdystydvas valyedashiS2 pition L y RA + Q&
publicfunded labs in commercialising their research and accounted for a 4% share of the global textile markets.
outputs. While technology interventions have arett Yet the highly fragmented sector is also labour and raw

impact on productivity, accessing capital in manufacturing material intensive and is miredith productivity challenges
iSOKy2f23enoldaSR LINR2SO0a tiaRtgnd foyidérnine ¥alue dndns dnd thieK batkivédd/ 3 S T
owing to the longer gestation period before they yield 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 tradionally riskaverse, and are inclined to  found to be outdated or inefficieA#.

AyoSaid Ay y2ymiSOKya2t 25Ié“oLl'ﬁéle%gﬁSurveyalrj%%ao’\l:éfsogaﬁw&?earnmgsfron&f";lcor ory1lAy

infrastructure, entertainment, among others. The SSI .
9 collaborations, institutional best practices, challenges,

Survey made crucial inclusion of the role of arbitrageurs, . . .
e technology leapfrogging trajectories and other aspects of
such as the venture capitalists and krledge brokers, as . N . .
systems of innovation in three high performing sectors,

these actors have increasingly been decisive in the . .
) i in bri .gy int | q ‘ | such as the automotive, pharmaceutical and Bgttors.
innovation process in bringing internal and external _ . oo .

P o ging ) With a 20.1% contribution to the manufacturing GDP, the
knowledge and highisk investments that result in new . . . .
busi del q ¢ . automotive sector is a top driver of macroeconomic growth
usiness models and new types of companies. . .

P P and technological development in the country (UNIDO IAP,

1.3 Relevance of the 5 2023). With robust performancesv, the ICT and X
pharmaceutical sectors arethe2 NI RQa 1 Sé LJ | &€ SNA

I\/Ianufacturing Sectors prioritised by pharmaceutical sector is the third largest in volume, driven

the SS| Survey by export markets and the expansion of Indian healthcare
that has resulted in innovative products, processes and

With the goal of significantly increasing theanufacturing  services, thereby positioning India as thiearmacyof the

sector contribution tothe GDP from 16.5%, th@lake in worldii,

Indiagé mission is a major policy initiative launched in 2014

Yo Y2 Y2 Y2 Yo Yo 0 Yo Y2 Yo Yo Yo Yo Yo Yo Yo Yo Yo

5 The Atal Innovaiton Mission driven by NITI Aayog established numerous innovation and entrepreneurship centres in scteosisesiniesearch
institutions, private and MSH sectorshttps://www.aim.gov.in/overview.php

6 Invest India: Investment Promotion and Facilitation Agency.

7 Economic Survey: India becomes tHadgest startup ecosystem in the world. Mint: https://www.livemint.com

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

9 Textile Industry in IndiaGarment & Apparels Market in Indiattp://www.investindia.gov.in/sector/textilesapparel

10 India should continue investing in modern, efficient spinning technology to remain globally compétitive!/www.indiantextilemagazine.in/india
shouldcontinueinvestingin-modernefficient-spinningtechnologyto-remain-globallycompetitive/

11 India has become pharmacy of the wordtps://www.moneycontrol.com/news/india/indiarecognisedaspharmacyof-the-world-fm-9759651.html
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1.4SS]| SUI’VGy to Strengthen The SSI Survey has attempted to capture the dynamics of
communication, stocks and flows of knowledge and

ManUfaCtu”ng Innovation as a Gol organiation by introducing the notion of an intersection of
Po|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 captualised, in
scheme across 14 keyanufacturing sectors, to incentivise  relation to the division of innovative labour among both
import substitution by domestic production in strategic institutions and functions. This is particularly 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, th@ati Shakéiprogramme was  to techrological 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 movement of 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, benefits.
world-class innovation apabilities, skills and investments,
(KS D2BSNYYSyd 2F LyRALQamePPiech g supppried by WEJNE“%?g/aﬁ”'ty d% s
International Cooperation for Inclusive ustainable
investment environment has been critical. The country saw

FDI inflow catch great momentum between 2622 and by Industrial Developmerwt (HBIP)' 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.talnabllllty in manufactu.nng\dusFry clievelopment.. Five

. L . . major business membership organizations, respectively the
share in Indian industries seems to continue to largely )

) . India SME Forum (ISF), the Federation 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, amormhers, with

strong product sophistication and better production Industry (FAPCCthe Madras Chamber of Commerce and

capabilities, attract strong foreign direct investmg(fD) Industry (MCCI), and the PHD Chamber of Commerce and

inflow, especially with their digital capabilities in Industry (PHDCCI) were key partners in eaiection .

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

intelligence has been a game changer since the pandemic

and has reflected in investment interests as well.

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

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

13 Gati Shkti: https://dpiit.gov.in/logisticsdivision

14 Emerging Markets Private Equity Association 2019 Suhveys://www.globalprivatecapital.org/app/uploads/2019/05/20 t-surveyfinal-web.pdf
15 FDI in India 202Mttps://www.makeinindia.com/policy/foreigrdirect-investment
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INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVATION (IASSI)

¢CtKS2NBUOAOFf CNJYSg2N.

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 OSLIi 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 thindian Textiles and Apparel
and thus wealth creatin (Freeman, 1987; Nelson and Sectorial System of InnovationT SSI) It introduces the
Rosenberg, 1993; Lundvall, 1992, 2016; Chaminade et al.concept of the Sectorial System of Innovation (SSI), 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., . . .
2017;Shekar, K. C., &skeph, K. J., 2032 2.1Underpinning Theoretal

Innovation systems are framed at different scales, including Framework
national, sectoral and local/regional (Chaminade, 2018).
The framing of an innovation system involves different
types of network and interactions depending on the driving
interest, practices, behaviours and the working
environment in general. The considerations for building
these networks may vary depending on the context and

scale of the operations/activities happening among the . - .
P PP 9 9 chain of activities that can lead to different types of

actors. These networks will evolve based on liebaviour . . . . .
) ) L innovations that then have diverse so@conomic impacts
and routine among the actors and their organizational . . . .
) is more prevalent today. An innovation system considers
context (Hall, Mytelka, and Oyeyinka 1997; Jacob 2016).. . .
) ) innovation as a process and considers how the actors
However, knowledge and learning remain the central

] ) interact among themselves to undertake innovation
points to the networks (Moschitz et al., 2015). The . . . .
. o activities. They consider the inputs to innovations and the
establishment of such networksorf building a system

) . . . channels leading to the expected outputs. This does not
involves breaking barriers and reconstructing channels for . .

o ) ) ] mean the use of the linear model ofput-output that has
knowledge flow. This is done by setting interactive

) ] . . been used for some time as a way of linking science to
processes, sharing best practices and learning from prior,

) ) ) ] - innovation. Rather, it considers the complexity of the
experience, while overcoming failures and filling gaps. The . . . .
processes and the interactions among actors involving

form and the performance of learning approaches may var . L
P 9 p'? ) yvary learning activities and the use and transfer of knowledge
from one sector to another, depending on different

patterns such as the roles, habits, mode of operation,
competencies, demand, among others (Mytelka and Smith,
2002). This suggests a systemic way of disfabg a
framework that allows interactions among the different
groups and contributes to the use of knowledge for the
collective/mutual interest of the actors.

The Organizationand development of innovation have
gained much attention from different perspectives. The
traditional notion of innovation as an end provides a
narrow view of innovation and the potential it has on
societal development in diérent dimensions. Whereas the
consideration of innovation as a process that engages a

(Etzkowitz ad Leydesdorff, 2000). The available literature
on innovation capabilities in the Indian industrial sector is
mostly based on STI indicators that focus more on R&D
activities and the creation of access to codified knowledge
(Basant, 1997; Basant and Fikket996; Kartak, 1985;
Kumar and Siddharthan, 201Shekar, K. C., & Palily, G.,
2019. For instance, Basant and Fikkert, (1996) examines
Since innovation is a collective action that involves a the effects of domestic and foreign technology purchases
multitude of actors who c@perate and compete in as well as R&D activities in enhancing the productivity of
networks and who are stimulated and constrained by firms in India. The study shows that between 1954and
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1981-82, domestic and international R&D spillovers and as the National Innovation System (NIS) (Lundvall, 1992;
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 greattpntribute to the Cooke & Uranga, 1997), SecbSystem 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
technology sectors rather than medium and low technology common aalytical 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 indiiry. Firms in this industry  learning processes as well as the ligation. It considers
mainly depend on knowow rather than knowwhy interactions among actors as key for innovations. Actors
capabilities. In addition to these approaches, innovation O 'y 68 TFTANXAQ 2NBANYARQI @ANBfFa Al yR
systems research focuses on interactive learning, (universities, R&D organizations) (Chaminade et al., 2018;
interdependence and notinearity wherein institutions  Shekar, K. C., & Paily, G., 2019he categories of
play the centralrole (Joseph, K. J, 2008hekar, K. C., & organiations may 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 agentsda systems. In this context, institutions are coresied as a set
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 innovatioprocesses as it focuses lower level as a sectorial 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 systens are defined by the knowledgebase that
Since the late 1980s, innovation system concepts have beersupports 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 invel¥ in the creation,
technological progress (Edquist, 1997). Accaydito production and sale of those products are examined. SSI

I KNAEAG2LIKSNI CNBSYI yI aXaeésupssses spachic fechinolddithl i ardly geobrapBical
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
1SOKy2t23AS5Sa¢ OCNBSYIlIYy>X wmdnetwakd dasK Sor Aefnple, @ withik 2 ylultiratibial S Y =
with a focus on technologgnd information flows between  corporations (Stenzel, 2007).

people, businesses, and institutions, and was created as
tool to understand the innovation process (Lundvall, 1985).
Innovation systems help identify how to stimulate
innovation and what inhibits its development and have
becmme a viable method for researchers and policymakers
to study the innovation process, especially in emerging and
developing economies (Weber and Truffer, 208fekar, K.
C., & Joseph, K. J., 2022

4n recent years, advances in innovation theory have
gradually moved closer to a fully systemic, dynamic, and
non-linear process that involves a range of interacting
actors. This process emphasisebet significance 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 methodlogical specifics vary, these more recent
the identification of the concept of innovation systems such innovation systems emphasise the role of multiple agencies
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and distributed learning mechanisms in technological b) actors and networks; and c) institutions (Malerba and

change. Rather than glowerful firms or unidirectional
knowledge flows, the focus is on intergarizational a
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 universindustry interactions in the
country, firms that collaborate with universities achieve a
high level of innovéive activities.

In particular, the role of institutions at all levels in

Sailof AAKAYI FyR YEAyGEAyAy -k Ravid Rygy 2000; Dospand;Nglson, 201Q). o

central theme since institutions may constrain choices,
driving innovation along certain possibly suboptimat
paths while often throwing up barriers to more radical
change (Foxon, 2003). The importance of feedback
between different parts of the systemboth positive and
negative- is also emphasised, as are the links between b.
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 discover what 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 c.

The notion é sectorial 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 proct groups, 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 ad norrmarket interactions for the
ONBI GA2ysS LINBRdOGAZ2YS | 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 Malerba and Adams, 2019) that are typically
distinguished as: a) knowledge and technological domains;

LINGRcRagtnfe ficémpétitiorik contrél, Sind 8obpiératienT

a prdcdss that nvole& sy AematiclitePaitioa® ahdrig @

Adams, 2019).

Knowledge and technological domainé sector is
characterised by a specific kntglgebase and
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 fettrough
the capabilities which they have accumulated over
time (Cohen and Levinthal, 1990). Knowleelge
especially technological knowledgavolves varying
degrees of specificity, tacitness, complexity,
complementarity, and independence (Winter 1987;

. 2 : Aa I
From a dynamic perspective, it is essential to
understand how knowledge and technology are
created, how they are distributed and exchanged
between firms, and how such processes can redefine
industry boundaris.

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 (suchpatent

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 acros
national boundaries (such as internatiomanventions
or established practices).

Actors and networksA sector is composed of
heterogeneous agents that include firms (e.g.,
innovating and producing firms, suppliers and users),
non-firm organizations (@., universities, financial
organizations, industry associations) and individuals
(e.g., consumers, entrepreneurs, professionals and
scientists). These heterogeneous agents are
characterised by specific learning processes,
competencies, beliefs, objectivesid behaviour. They
interact through processes of communication,

38y ia
Thus, in a sectorial systems framework, innovation is a

{{tL
wide variety of actors for thgeneration and exchange

of knowledge relevant to innovation and its

commercialisation. Actors are individuals and/or
2NEHFYATFGA2YyE GKEG aAydSNF O
communication, exchange, cooperation, competition,

and governance, and various instituti® shape their

Gf
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interactions (norms, common habits, established
LINF OGAOS&as Nz Sas tlgax
2002). Under this framework, many actors generate,

INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVAT

these sectors, the windows of opportunity for latecomers

Aaifiel pyinfakiyNdRiGe s by dristiudohal changds thét Nevdurz

clean and renewable energy and by demand conditions

and exchange knowledge related to innovation and its (Lema et al., 2020).
commercialisation. The sectorial invetion system
undergoes changes and transformations through a co
evolution of its various elements (Nevzorova, 2021).

The existing literature (e.g., Bhagavan, 1985; Desai, 1985;
t N} YSa6FNIYS Haonno 2y
with Science, Technology and Innovation (STI) aspects of
There are several limitations of the SSI approach. Firstlyinnovation strategies such as research and development
interactions between various agents in the SSI are shapedactivities and creating acss to explicit codified knowledge,
by institutions at loth sectoral and national levels. and technical efficiency, etc. The innovation system
Therefore, delineating between national and sectoral combining a strong version of the STI mode with a Doing,
boundaries is not easy. Furthermore, distinguishing the Using and Interacting (DUI) mode can provide a better
characteristics of these institutions (norms, routines, picture of innovative behaviour of the firms (Jenson ket a
common habits, established practices, rules, laws, 2007;Shekar, K. C., & Joseph, K. J., p022
standads) at both levels is a challenge. Second, SSlIs are .
also influenced by institutions at a global level. In some Z-SSyStem failure
cases, the relevant geographical boundaries are global as . . .
.g grap . g . As previously highlighted, the basic conceptual
well as sectoral and in such cases it is hot easy to distinguish - . . .
) . i underpinnings of the Sl approach are, first, that innovation
the boundary betweenthem. Thirdly, the relationship . . . L
; o does not take place in isolation and interaction is central to
between national institutions and sectoral systems could s .
. . L . the process; seand, that institutions are crucial to
differ. That is, the same institution may play different roles . . .
. ) economic behavior and performance (Smith, 1996); and
in different countries, and thus may affect the same . . .
) o . third, that evolutionary processes play an important role,
sectoral system differently in different countrieBinally, . .
) . . they generate variety, select across that variety, and
the nature of relationships and networks differ across . -
) o produce feedback from the selection process to &&on
sectoral systems and therefore it can be difficult and

creation (Hauknes and Nordgren, 1999).
complex to compare them to each other (Baskaran, and
Muchie, 2019). In all these basic elements, 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 systenmas its own characteristics and its own set
of dynamics which are important to disentangle to

understand how innovation takes place. But each of these - Infrastructure failure, whee there is a lack of formal

LYRALF Q&

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

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 Skiles
(2011) and Muchie and Baskaran (2017), in which the cases
of several sectdal systems in Asia, Latin America and Africa _
are examined. More recently catalp 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 framewk has also been adopted to
SEFYAYS [ KAidgd gy OF G@KMRYSD &
(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 @2® In

institutions/institutional mechanisms 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, collectivecoordination,regulation, targeted
funding regarding the goal and direction of the
transformation process.

Demand articulation failure, caused by improper

.2 Enti(gpgtilarﬁaﬁéflear%ir%%%at Us%r%weeds, shaping

innovation based on user needs, kaaf instruments
for supporting useted and open innovation, novel
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innovations/solutions not finding enough space in FIGURE: Triple Helix Model extension
public procurement.

Policy coordination failure, due to a lack of midvel m

policy coordination, horizontal and vertical GOVERNMENT
coordination,across and within different systemic
levels; between regional and natioral between
technological and sectoral systems, etc.

INTERMEDIARIES |

WShbSEAQGAGE FIAfdzNBE a |
of the system to monitor, anticipate and involve actors
in processes foselfgovernance (Woolthuis, et al.,

2005). }

The systemic failures as presented above cannot be KNOWLIDON SASKD INDUSTRY
addressed directly, or by one actor alone. If policy makers

want to use the framework, they will have to address
groups of actors to make changes in the inndmatsystem
possible. Consequently, as opposed to the market failure
approach for driving policy, a systems approach to
innovation is seen as more robust (Bergek et al., 2010).

ARBITRAGEURS
+ FINANCE

Etzkowitz (2002) states that interaction channels are
necessary when firms and government are related with
By using the systems framework as a tool for analysis, policyniversities in knowledgbased economies. From a
makers can iderfly: (1) where systemic failures occur; and pysiness perspective, the most important channels of
(2) which actors should be addressed to make changetransfer of knowledge are: open science, property right
possible. Most problems in the innovation system will not hyman resources, projects of collaborative research and
be unidimensional but will consist of a complex mixture of gevelopment (R&D) and networking among actors (Cohen
causes aneffects andinvolve several acts. By using the gt al., 2002; Hanel & SRierre, 2006: Arza, 2010; Bekkers &

framework, priorities can be given to the most stringent Frejtas, 2008; Ruiz, Corrales and Orozco, 2017).

obstacles for innovation and thus also serve as a guideline ) o o ) .
to implement innovation policy. The triple helix is effective in understanding the dynamics

of innovation at the sectorial, regional, national or
2.4The Trip|e Helix (TH) Model international level, as it provides a wellaborated

framework for understanding central inquiries in
Besides the systems approach, there are other tools thatinnovation processes, including a) Whiaé key actors are
have the potential to offer similar facilitation for innovation and b) What the mechanisms of interactions are (Cai and
at the sectorial level. The Triple Helix Model is advocated to Amaral, 2021) Traditionally, the literature on the Triple
be a powerful tool for linking universities to the rest. This Helix Model has focused on the relationships between
can also be seen as a tool for operationalizing the ISuniversities and knowledgbased institutions (KBIs), firms,
concept. Howeer, this might require settingp a proper  governments, and hybrid organizations at the intersection
framework at a low scale to set the foundation for the of these three helices (Etzkowitz and Leydesdorff, 1995;
running of the system, which is expected to be inclusive and|_eydesdorff, 2001). Etzkowitz and Leydesdorff developed
socially embedded in the context of developing countries. the Triple Helix Model to explain the dynamic interactions
between academia, industry, andeernment that foster
entrepreneurship, innovation, and economic growth in a

This interaction between government,niversities and

firms is addressed in the Triple Helix Model proposed by )
Etzkowitz and Leydesdorff (1997). This model is aknowledgebased economy (Etzkowitz & Leydesdorf,

descriptive construct of the components, interaction 2000).

channels and functions or benefits of an effective NIS According to the literature, the scope and intensity of the

(Ranga and Etzkowitz, 2B1Santana, 2016). interactions between the three actors are reflected in
varying institutional arrangements, referred to as Triple
Helix Type I, Il, and Il (AMpe I, Il and 1l1) (Etzkowitz and
Leydesdorff, 2000; Etzkowitz, 2003, 2008; Ranga and
Etzkowitz, 2013).

32

- OAt AR




INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVAT

In the TH Type |, the three helices are strongly defined, entrepreneurial tasks such as marketing knowledge,
with relatidSt & 6SF {1 AydSNI OA 2 yidceased tychnblagy tdnisfeahq thefcrealicnh of spidfis S
nation state encompasses academia and industry andand startups, as a result of both internal and external
RANBOGa GKS NBtlFGA2ya oS didlGBegs (HizKo®i¥ ¢ 2011 Eizkowit2 antl idydestoyffR
Leydesdorff, 2000: p. 111). New knowledge is produced2000; Etzkowitz et al.,, 2000). These entrepreneurial
only within universities and research centres. HenEk; activities are assumed with regional and national objectives
Type | is largely viewed as a failed development model within mind, as well as financial improvements to the university
y2i Sy2dz3K NB2Y F2N Wo 2 (nadythe datuldy (Biziolviiz A dt @A G0BE.5In deigSsh,5
GAYY2@FG§A2Yy 61 & RA&O2dzNI 3 SRversiiksiickaSeNtb ke Kvbry towBry, digcdeNdctadSaRd
(Etzkowitz and Leydesdorff, 2000, pg.112). To achieveisolated from society, but interact closely with industry and
a0FGAal NBTF2NY s hdlleoSenirg oiNBpli  gavierSnant (EXM@witdnd Leydesdorff, 2000; Etzkowitz et

down control and the creation of civil society where oneis | f @ wnnno® Ly FRRAGAZY (2 GKS
fFrO1AY3é 060901 126A0G1T X wnno | atadend@d dirension, gharinglkioBléteramd® g each GHEMNE A &
minimal direct connection to the needs of society, whichin YR G N} AyAy3a SvyLiz2e888a 4 S@SN

turn discourages the introduction and diffusion of (Leydesdorff and Etzkowitz, 1998, pg.98), as well as
innovations in the economy (Martin and Etzkowitz, 2000). increasing collaboration with knowledgeased institutions

t(KBIs). Improved universitgdustry collaboration is

visualised through: i) an increased patenting output,

LI NI AOdzf F NI & Fa (GKS& FNB | aNBLR
how the socially organised prodiion of scientific

1y2st SRIS A& AYyGSNFIOSR gAlK GK
2004); ii) the increase in university revenues from licensing
(Perkmann and Walsh, 2007); iii) a greater proportion of

industry funds making up university income (Hall, 2004);
andiv) the diffusion of technology transfer offices, industry

Triple Helix Type Il is characterised by decreasing direc
control of the state on the functions of Type | with a shift of
focus on fixing market failures. The mechanisms of
communication between the acte are strongly influenced
by and deeply grounded in market mechanisms and
innovations (Nelson and Winter, 1982; Bartels, et al., 2012).
The point of control is at the interfaces (Leydesdorff, 1997)
and consequently, new codes of communication are
developal (Leydesdorff and Etzkowitz, 1998b). Research is i i ) )
. . . - 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 and i .
. . . . . Governments therefore create incentives through
applied, societal needs have a direct influence on it | AV T2 NNSf baiwednRrbest tsni industrial
(Etzkowitz and Leydesdorff, 2000; Nlarand Etzkowitz, “ i y s&T A lci 2/ ZS lr_ner; sn "; u;‘, rlla q
2000; Ranga and Etzkowitz, 2013). po |cLesA, . pof.lcnes, afl or .{EIC?G .:;m . flancey P
AYUSNBSYUA2Yyad 0 UKS &auNHzOU dzNI €
TH¢& LIS LL OFy 0S5 -DR¥HEB QS NEMRSEskd diftFehtl, éhérdid a shift in the traditional role of
AYGSNY OtAzy aAy SKAOK LISAWttS 08 NENEFYEWKGI SR OAN2A G Oizy 27
competitively rather than cooperatively in their relations fuy QG A2y Qd Ly | ydziaKStfs GKS ¢ NRL
gAGK SFOK 20GKSNE 0% Iddurhn2adst G ih&three Sphedes unikdmsies, industry, and government
andcompare T @ LJSa L +F YR LLZ a&ai lovedap, dnd &heirbdubdarieStiecolermdfe pgimedble. A
the coordinating role of government while laisseire complex network of organizational ties develops individuals
societies focus on the productive force of industry as the and ideas move aund the three helices, and synergies are
LINRYS Y2@SN) 2F S02y2YAO0  mikitised @xbwitt, 2002)5 &ctofs 2dlVeSahdi dssume
(Etzkowitz, 208, pg.13). SIOK 2GKSNNa NRtSas gAlGK ySé Keo

Furthermore, in THiype Ill, the three actors assume each at the interfaces, for example incubators, accelerators,
2GKSNDA NRfSa Ay GKS 4y ad K098 Rk feghnology,kansigs gfficepnture gagitale 5 ¢
performance of their traditional functions. With the firms, angel networks, and seed capital funds (Etzkowitz,
emergence of THype Ill, a complex network of 2000; Etzkowitz and Leydesdorff, 2000; Etzkowitz, 2002;

organizational ties has delmped, both formal and Ranga and Etzkowitz, 2013).

informal, among the overlapping spheres of operations. The Triple Helix Model has also been applied to the context
The transformation of universities is of particular relevance. of developing economies. Case studigscument how
After having incorporated research as an additional missioninnovation and learning processes differ in developing
beyond teaching, universities recognise their role et  economies, what factors constrain the adoption of more
pursuit of economic and social development (Etzkowitz andintegrated Triple Helix models, and how actors and
Leydesdorff, 2000; Webster, 2000; Ranga and Etzkowitzmechanisms cope with these factors (Sarpong et al., 2017).
2013; Etzkowitz, 2008, 2017). Hence, universities take onin this regard, it habeen noted that while the components

N>
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of the triple helix do not change, the intensity and quality Intermediaries are recognised as actors that place
of their interactions are often weaker than in developed themselves in the middle of relationships between other
economies (Dzisah and Etzkowitz, 2008). Generally, in orderactors, or actors that facilitate the process of interacting in
to address such challenges effectivétypugh tailored and  exchange relationships. Four roles of intermediaries
targeted policy interventions, there is the clear need for include: (a) onsultant, providing information and advice in
system level measurement. the recognition, acquisition and utilisation of the relevant
. intellectual property and technological capabilities; (b)
2.5Towards an Analytlcal Framework broker, brokering a transaction between two or more

. ) ) arties; (c) mediator, acting as ardependent third part

Our framework for analysis of the IASSI is grounded in thep ( ) ] .g ,Ep P y. )

. . o . . who assists two organizations achieve a mutually beneficial
literature, but it extends the traditional model in twmain

collaboration and (d) resource provider, acting as an agent
ways and is referred to as Triple Helix (Type IV) Type ¥ who secures acce(ss) to fundin pand other magzerial su , ort
17 The THIype IV has the additional features of g PP

. ) e . for the innovation outcomes of such collaborations

arbitrageurs (banks, financial institutions, venture capital ) .
. . . L (Chunfavuthiyanon & Intarakumnerd, 2014; Chappin et al.,

and angel investors) and intermediary organizations 008).
(industry associationsjnstitutions supporting technical
change and incubators), as well as diffused ICT in theNakwa et al., (2012) highlight the importance of
context of the fourth industrial revolution. intermediaries in transforming prexisting inteffirm
networks into more robust, dynamic, and sustainable
systemoriented networks. In addition, Naka et al., (2012)
AYRAOFGS GKIFIG GAYGSNNSRAIFINRSE LIX
policy level by channeling resources to industry; a brokering
role at the strategic level by linking triple helix actors; and a
‘boundary spanning role at the operational level by
LINEGARAY3I aSNBAOSA GKIFG FFrOAEtAGL

Arbitrageurs can be defined as venture capitalists, angel
investors/ networks and knowledge brokers. They are
essentialfor the innovation process as it requires internal
and external knowledge for the development of new ideas,
business models and types of companies. As such
knowledge brokers and venture capitalists fulfil this
requirement through the provision of links,né&wledge
sources and even technical knowledge so that firms canlntermediary organizations are pertinent in facilitating the
improve their performance, in terms of survival rate, as well flow of knowledge, technology, and skills among the actors
as accelerate and increase the effectiveness of their of the SI. Within this actor group, institutions supporting
innovation processes (Zook, 2003; Baygan andtechnical changgISTC) promote knowledge generation,
Freudenberg, 2000). Their resae allocation role is based technology development and commercialisation;
on the assessment of advantages in information facilitators like industry associations establish and reinforce
asymmetries (Williamson, 1969, 1971, 1973) (Bartels, et al.the links between system actors through networking;
2012, pg.7). However, information asymmetry and enablers such as industrial parks and incubators support
dzy OSNI F Aydeé OFy €S8R G2 G NgtyidfrasDucture, ffameddk cofidions, dapabilities dnd G NA S a
seeking to enourage the emergence and growth of related resources and funders (Letaba, 2019).
?n’t\:‘?prenvelljn%l flr)r\nse needL\;’cjl;e_\n?eSijvs ’that'red;ce lTabllg 21/ tl)elk)v& Jshic)ws core actors,Earbitrageurqu alr_ld_{ 51 _
! ) ya . . .Y ° .a 8 . ol in}grmedléry organizatioHs%yMtHeyfunc%on ﬁ;&%eurform in Y yo
said that a combination of both formal institutions and . .
] ) ) ) the Indian food andbeverages sector. Thefienctions span
(informal) cultural values can provide the propecentives . . . .
. ) across the innovation value chain, namely: knowledge

to reduce transaction problems. Arbitrageurs are therefore . .

o . . . generation and transfer; technology development,
of vital importance as the innovation process requires . . ) .
) ] o ] ) acquisition, and transfer; product development; testing
internal and external intermediation (financial, knowledge, . o .

) i services; commercialisation; and business development.

transacting and investment), and as such, complement the
traditional Tiple Helix Model.

Y2 o Yolo Yo Yo YoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

16 | eydesdorff claims nex-ante or necessary limitation to three helices for theptanation of complex developments, but instead propose that anle 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 explatory power. (Leydesdorff, 2012).

17 Civil society comprising the activities of nestate organizationdnstitutions,and movements has in recent years emerged as the major force for change
in the realms of politics, publjeolicy,and society bothglobally and locally. It is also recognized as an actor in the 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 eludéerdafidi systematic unetstanding
(Anheier 2004). The benefits of incorporating civil society within systems measurement, and hence policy craft incligeovjtton of bottoraup insights,
particularly as civil society represents demaside perspectives, such as innovatissers and consumers; ii) supports the creation of social innovations, and
legitimation and justification for innovations; iii) promotes commitment to and ownership of a development agenda. Hovesypéte thebenefitscivil

society comprises a heterogemes group of actors who must themselves be approached differently and therefor measurement is a challenge. It would be
important to note that participation of civil society should be included for the policy selection and implementation process.
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TAB_EZ2: Intermediary organizations by function

Function Knowledge based Government Intermediaries Arbitrageurs
institutions
Technology 1 Universityenterprise joint 1 Technology Information Forecasting { ACMA
Development research centre andAssessment Council (TIFAC) 1 SIAM
9 Science Park 1 ARAI
Technology i Science Park 9 Technology Information Forecasting { ACMA
Transfer 1 Universityenterprise joint and Assessment Council (TIFAC) 1 SIAM
research centre 1 Global Innovation &echnology 1 ARAI
1 Universityowned Alliance (GITA)
enterprise centre
Technology 1 Global Innovation & Technology
Acquisition Alliance (GITA)
R&D 1 Auto Cluster Development and { Auto Cluster
Research Institute Development and
Research Institute
Knowledge i LivingLabs 1 National Productivity Council 1 ACMA
Transfer 1 Global Innovation & Technology 1 SIAM
Alliance (GITA) T ARAI
IP Protection 9 Science Park i Patent offices 1
Infrastructure 1 Ministry of Heavy Industries T ACMA
Development 1 SIAM
1 ARAI
Product 1 National research & development
Development corporation
Human Capital 1 Universityenterprise joint 1 Automotive Skill Development T ACMA
Development research centre Council (ASDC) 1 SIAM
1 Indo German Tool Room, Aurangab:z { ARAI
{ National Institute FoAutomotive
Inspection Maintenance & Training
(NIAIMT)
Business 1 Science Park 1 National engineering research centre { Incubator
Development 1 Incubator 1 Incubator 1 Industrial Park
1 Industrial Park T Industrial Park
Funding 1 Universityenterprise joint 1 Ministry of Heavy Industries 1 ACMA
research centre 1 Technology Acquisition and 1 SIAM
Development Fund (DPIIT) T ARAI
1 Department of Scientific and
Industrial Research (DSIR)
Fund raising 1 Ministry of Heavy Industries 1 Venture Capital
{ Banks 1 Angel Investors
i ACMA
1 SIAM
i ARAI
Agenda setting 1 Ministry of Heavy Industries 1 ACMA
1 NITI Aayog 1 SIAM
T ARAI
Testing & 1 Universityenterprise joint 1 National Automotive Test Tracks 1 ARAI
certification research centre (NATRAX)
services 1 Bureau ofindian Standards (BIS)
{ National Accreditation Board for
Certification Bodies (NABCB)
{I BSCIC Certifications Pvt. Ltd.
{ National Institute for Automotive

Source: Letaba, Petrus (2019)

Inspection Maintenance & Training
(NIAIMT)

Compared to the Triple Helix Type Ill, our augmented through ICTs. Through the spread of digital information and
version of the model also gives prominence to the fourth ICT, a new technological wavaedaa new corresponding
industrial revolution (4IR) and digital transformation mode of development has emerged (Perez, 1983; Freeman
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and Louga, 2001; Mowery, 2009). Innovation activities arbitrageurs such as venture capital (Deloitte, 2018a).

shape and use ICTs with lagged but often large effects oninnovative technologies are becoming more prevalent and

productivity and innovation in both developed and venture capitalists are making even greater investments in

developing economes (Paunov and Rollo, 2016; Hjort and them. Venture capital investments in 4iétused startups

Poulsen, 2017). The channels through which ICTs affechave steadily increased, both in terms of size and number
FANNEAQ LINBRAzOGAGAGE | YR Ay ¢fdedls Glabaly, venttdScapralibvasimeditsSrithislargida 2 TG Sy
difficult to disentangle. For example, ICTs can facilitate grew from approximately US$ 600 million in 2014 to US$

access to information and knowledge, fosteyilearning 2.3 bhillion in 2016, regsenting a 40% CAGR (Deloitte,

and knowledge flows, or ease communication among firms 2018).

and SSI actors, thereby promoting collaborative projects. To
make the most of these new technologies, countries have
put in place several policies. However, often their design
does not takeull account of the local environment in which
actors operate, suggesting a potentially large role for
evidencebased policymaking in this area (Koria et al.,
2014).

However, venture capitalists need to be mindful of

conservative and riskverse investment strategies that fail

to consider a broad range of promising investments bias

towards companies in specific narrowly definedustries.

£/ & aK2dAd R y2i O2yFtlLGS aNmRal | @
2021). Regular communication between arbitrageurs and

especially with industry and other actors such as KBls,

Today, ICTs are at the centre of what many believe to begovernment and intermediaries can help VCs understand

the Fourth Industrial Revolutio(4IR) (World Bank, 2016). the dynamics of the seor and invest accordingly.

Each of the actors in the Triple Helix Type IV has a SIOecmfbue to the rapid changes in technologies linked to digital

role to play in the context of the 4IR. Using analytics and . ) .
play ! X sing yles transformation and the 4IR, firms require the support of

data, the 4IR allows firms to identify new opportunities, . _ o
) i ) intermediaries as knowledge brokers. Intermediaries can
expand their businesses and tap into new markettR .
ensure that knowledge spillover processes are more

technologies enable firms to increase their productivity, . . . . .
9 P Y indusive for firms and thereby contribute to developing

provide - better  customer _ experience, and - optimise their absorptive capacities. In addition, intermediaries have
resources. a vital role in building efficient technology transfer systems
Universities have a great role to play to make the 4IR abetween actors of the system of innovation (Karlsen et al,
reality, particularly through fostering the development of 2022).

future skills & well as acting as test beds for new
technologies. The role of the government in the context of
the 4IR is to facilitate the adoption of emerging

technologies through support infrastructure and

regulations Kucirkova, 2019)

In light of the above, utilising the Triple Helix Type IV for
measuring the Indian Automotive Sectorial System of
Innovation (IASSI) provides an evideiesed framework
for identifying barriers and priorities, leading to the
articulaton of policies and targeted shertmedium and
The adoption of the 4IR andgifial transformation requires  longterm interventions.

investments which could be satisfied with the help of
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{ dZNBSé aSuK

2R2f 238

The Indian Automotive Sectorial System of Innovation
(IASSI) Survey has been conducted to obtdinlistic view

of the SSI as a basis for evidefi@sed innovation policy for
the automotive sector; one of the five sectors surveyed
under the sectorial system of innovation component of the
National Manufacturing Innovation Survey 2624.

Essentially, tw basic forms of data collection exist, those
with and those without an interviewer, or, phrased
differently: interviews and sethidministered
guestionnaires (De Leeuw, 2009 in Dillman ed). Interview
surveys can either be administered in person or over the
telephone. There is a great deal of variation in the use of
these methods across countries, due to technical reasons
(lack of infrastructure) or cultural norms (Dillman, 1978;
Dillman, 1998). Seddministered questionnaires take on
many forms and can based in group or individual settings.

A weltknown example of a seffdministered questionnaire

is the mail survey, and its computerized equivalent, the
Internet survey, which is currently widely used (Raziano, et
al., 2001; De Leeuw et al., 2003). Ofterc@mbination
approach is used, particularly when there is the need to ask
sensitive questions. All the taxonomical approaches
mentioned are respondent orientated, and the method

3.1Sample Selection

As per thedTheoretical Framewogkchapter, the 1ASSI
Survey focuses on five core actor groups, namely:
government (GOV), knowleddmsed institutions (KBI);
arbitrageurs (ARB); intermediaries (INT) and industry (IND).
The executive policy community, essentially the
government (GOV), is represented by highel officials
(national and state level) in the relevant public institutions
that are directly or indirectly responsible for innovation in
the automotive sectorKnowledgebased institutions (KBIs)
are represented by the heads of university faculties/
departments from the disciplines of engineering,
technology and innovation, thirtanks, as well as both
public and private research institutes (RIs). Arbitrageurs
(ARB) comprise the venture capital, angel investors, and
banks or other financial institutions and are represented by
their respective heads or senior management.
Intermediaies constitute industry associations and
institutions supporting technical change such as regulatory
bodies and are represented at the managerial level. The
industrial community is represented by the CEOs of firms
from the automotive sector.

choice is complex and based on a delicate balance betweerProcedure:

the quality of the @ta acquired, time and costs.

The Internetbased approach was chosen in line with the
NElFaz2yAy3a 2F Y2NAI X Si o
use of the budget, internet surveys can cover a much larger
sample size than the conventional mail survegr(Bns, et

al., 2003); ii) the time dimension associated with
conducting wekbased surveys is much lower in comparison
to other forms (Cobanoglu et al., 2001); iii) the quality of
retrieved data is higher in terms of neasponse and the
ability to includeconditionality in a discreet manner (Olsen,
2009); iv) a higher reliability of data is achieved due to the
reduced need for data entry (Ballantyne, 2004; and Muffo,
SG lftdZz Hnnové OY2NREFZ S
emergence of the COVAD® pandemiaestrictions during
the implementation phase of the project which limited
faceto face interaction.

Nonfirm actors, namely GOV, KBI, ARB and INT were
sampled on a convenience basis. A frame was prepared for
fhe Autdniotive ectdt Kith Grouhdd200crefevalitlndih YA & A Y 3
actors within GOV (20), KBI (70), ARB (50) and INT (60)
which was treated as the universe andhet sample.
Sampling for firms (IND) was conducted through stratified
random sampling across 28 states and 8 union territories,
the five sectors, including the automotive sector from the
National Industrial Classification (NIC) 29 (2008) and their
respectie firm sizes were measured through a combination
of turnover, investment in plant and machinery or
0T FyR

equipment or employment.
geen obtained from

F{f ®Y HAMHO®Y LJFO
The sampling frame for firm actors has
the dAnnual Survey of IndustriegASI) 20189 frame, the
/| SYGNB F2N) az2yAd2NRAy3 LYRALFLY 90
database (20189) and the Department of Science and
¢ SOKy2ft238Q4& 0519 WithRaAtdid OFG 2 NB
6,004 firms from the automotive sector, after sampling 589
firms were surveyed.

D0

O H .
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FIGURE Firm size classification

Large Medium Small

Turnover

>50cr

The Government of India notification mentions that: If an ensured. Consequently, the outlined approach was utilised
enterprise crosses the ceiling limits specified 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 Indian knowledgéased and technical institutions, as
turnover, it will cease to exist in that category and be placed compared to standard data collection firms. The merits of
in the next higher category but no enterprise shall be placed the appraach are outlined below:

in the lower category unless it goes below the ceiling limits
specified for its present category in both the criteria of
investmen as well as turnover. Criteria: Given the highly technical nature of the

Selection of enumerators and retention

information to be 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 after the survey. enumerators were able to:

Largec 200 + employees (Kapoor., 2016, pX1) Co_mprehgnd the specifics of innovation and systems
of innovation.

Medium¢ 50 to 199 employees . . . .
Effectively communicate innovation constructsthe

Smalig 20 to 49 employees target respondent.

Micro ¢ 0 to 19 employees (Kapoor., 2018, p.12) . 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
The data collection was impacted due to the covid to support data analysis and reporting.

crisis as businesses were closed. This has affected the
survey response rate to some extent with an overall
response rate of 70%, a firm response rate ab@36

and nonfirm response rate of 89%. - Communicate in the relevant regional language of the
focus state; and

Limitations:

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

Absence of a baseline for evaluating the performance
of SSls in India as there are no prior surveys conducted- Summarise the findings and participate in further

along the same lines. analysis of the data to support the UNIDO team.

The classification of firms into large, medium, small Enumerators were trained on sysits of innovation,
and micro is only a rough &mate given that the technical aspects related to the automotive sector and data
universe is a combination of 3 databases with the collection techniques with the Lime Sur@&jynterface. In

absence of similar parameters to measure firm size.  order to ensure data quality, Lime Survey® enables real
. time tracking of enumerators to the respondent level
3.2Data Collection through the back end. It also 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 nature of the data to be collected it is
imperative that the quality and integrity of inforation is

YoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Ve
18 Small fims are defined as those having less than 50 employees, medium firms hda@9nployees and large firms are defined as those having 200 or
more workers.
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automatically updated to the datalsea. In addition, spot tool is an advanced online survey system. The outputs from
checks from the response data are randomly taken to the verification protocol were uploaded into the Lime
ensure data quality at the level of each individual Surve® system and individual tokensere assigned to

enumerator is being maintained. each target respondent. This restricted survey access solely
o to the survey enumerators who interviewed the targeted

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

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

As previously mentioned, the IASSI Survey was launched
remotely once the initial critical mass of target respondent
contacts had been gathered. The survey was remotely and
norrintrusively managed via the Lime Sur@epnterface by

The Data Acquisition Survey Instrument (DASRHe IASSI
Survey was created using an iterative matép process,
and currently stands at its fourth iteration. The provenance
of the earlier iterations of the tool can be found in Ghana, ] ) )
Kenya and Cabo Verde National System of Innovationthe project team at HQ._EIect.r(mremmders were sent (_)Ut
Survey Repost(UNIDO, 2012: UNIDO, 2015: UNIDO, 2019).to enumerators for the interviews that were only partially

. . . . completed or not responded to at all. This process was
The current iteration, DASI4, saw the introduction of new . .p P . P
- . facilitated by the structure of the Lime Sur@ypackend,
actor-specific questions to support measurement at the

. . o as the system logs the exact date and time at which the
sectorial level and to provide better insights at the actor d and to what d it leted
. survey was accessed and to what degree it was completed.

level. This enhancement of the DASIbwk for greater y 9 P

accuracy and impact of the policy recommendations in the For those survey enumerators who had not accessed the

short, medium, and longerm. survey for a long period, a follow up was made
. . . telephonically to monitor any potential technical
3.4Survey Operat|0nal|sat|on difficulties. Once respwses were completed, they were

automatically uploaded into the survey response database.
On completion of data collection, the survey responses
were analysed with the planned statistical analysis in mind.
Figure 3 shows the steps associated with the datkection
process.

The launch of the survey was accomplished by using face
to-face interviews and telephonic interviews where the
former was not possible, and the results were entered on a
reakiime basis into the Lime Surv®y The Lime Surv&y

FIGURB: Operational Methodology

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

v

Sensitisation of Respondents

3.5 Secondary Data Collection 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 pharmaceutical sector. Phrased
were analysed comprisequalitative material consisting of  differently, is there convergence or divergence between

Reporting
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what is presented within policy documentation from the undertaken. Results were presented and discussed with
actual results obtained? The results thfe analysis are  sector experts and practitioners in order to understand
LNBASYGSR Ay (GKS awSadz (a whefh& or! ngtltte disdniations Wveré inBagNI T (KA &

report. platform provided an opportunity to orient the report
. writing through linking the findings to specific case
3.6 Stakeholder consultation examples as well as highlighting any supporting secondary

research that may have been conducted at the national
level. The process was imgtant for the identification of
any potential outliers in the results.

In order to garner preliminary insights into the results
obtained from the survey, a stakeholder consultation was

41



—

v

- Manufacturing Trends I -
the Automotive Sector




INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVAT

al ydzFlF Ol dzZNAYy 3 ¢NBYRA

4.1 Indian Automotive Sector: The industry also faces headwinds from supply chain
. restraints, high fuel and commodity prices, oveoling,
Structure andDynamics and rural distress.

¢KS LYRALFY FdzizY2o0Af S &8 0drNdcto dan bé Eréadly difided iGidNtdvo 2ndlustriesy tReA | Q &
manufacturing economy, contributing significantly to automotive industry and the auto component industry.

growth and employment. In addition, it has a large, labour
intensive ancillary sector and has essential horizontal and
vertical linkages wit other industries, serving as a
bellwether for the current state of the Indian economy.

The weldeveloped Indian automotive industry is
responsible for the manufacturing and sales of passenger
cars, commecial vehicles, and twthree-wheelers, with
the component industry complementing them in each case.
The Indian automol?lle sect.or was valued at US$ 222 b.|II|on|n spite of being the fourth largest automobile market in the
in FY 2022 and is predicted to grow at a combined o

te growth rate (CAGR) of 9% between FY-2022 world, India still has only 23 cars per 1000 person compared
aggregate grov _ tothe US Q4 ondS 9dNRLISQZ Then FyR
to US$ 300 billion by 20286 The industry accounts for 7.1% . . .

majority of sales in the sector are for tweheelers with

of the Gross Domestic Product (GDP) of the Indian economy o
) ) ) passenger cars coming in second. The passenger car market
and comprises about 49%of its manufacturing economy.

India. h bust d i ket in t ‘ d q is also dominated by smafind midsize cars. The industry
ndi r mestic market in term mand, . . . .
) a has a robust domestic marke e_ s (_) _(_3 and, is expected to record strong growth in FY 2023, with electric
with exports from the country lao showing significant . . . .

. i vehicles (EVs), especiallyawheelers, likely to witness
growth in recent years. The number of vehicles . : - .

. ; . positive sales in FY 2023, continuing the trend of previous

manufactured in India during FY 2022 stood at 22.93 . . .

i ¢ which 17.51 mill d in the d i years (see Figure?d. The Indian EV market is expected to
m Ick)nt, ° W1!Cb| 1 Thml |ontwere S0 Irr: de ,;T:S Iljsgrow at a CAGR of 36% until 2026. In addition, the EV
:ér etése:e a Z ) ) € rSZ$W§rE,I?Xp021eV\’”\:\,’; the battery market is forecast to expand at a CAGR 30
. eing the largesexporter ( HlioRy=". re the during the same period and is expected to peak at US$ 200
industry numbers are reasonable compared to FY 20P0

) billion by 2036~
they have not yet reached their pre€€OVIBL9 strength.

FIGURE: EV sales categorwise

FY22 231421 177802 alicrl 1066

AN 41013 88390 462 435
FY20 prEkl) 140685 A 512
FY19 pRRisL! 118889 Z¥4 735

0 50000 100000 150000 200000 250000 300000 350000 400000 450000
m2W m3W m3W2 mOthers

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

19 Invest in Indian Automobile Industry, Auto Sector Growth Trehdss://www.investindia.gov.insector/automobile

20 |ndia Brand Equity Foundatiohttps://www.ibef.org/industry/automobilespresentation

21 Sourced fromhttps://commerce.gov.in/presseleases/fno-219-2020stats-div-governmentof-india-ministry-of- commerceindustry-departmentof-
commercedirectorate-generd-of-foreigntrade-statisticsdivision2/

22 Road Transport Year Book (2021jps://morth.nic.in/sites/default/files/RTYR017-18-2018 19.pdf

23 Society of Indian Automobile Manufacturéstps://www.siam.in/statistics.aspx?mpgid=8&pgidtrail=9

24 Sourced fromhttps://www.newindianexpress.com/business/2021/nov/20/indisav-marketset-to-lead-globallymay-peakusd-200-billion-by-2030-
2385916.html
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While the development in EV (Mohile, 2022) is 5 million people. According to data from the ACMA, ICE
commendable, it is important to note that the sector powertrains contribute to over 60% of the component
provides approximately 37 million of direct and indirect sector's employment generationh& switch to alelectric
jobs, with the auto component industry directly employing powertrains could impact up to 5.6 million jobs by 262%&

FIGURE: Production, sales and export data of Indian automobile industry
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The autecomponent industry also showedrabust 23%  exports. It is to be noted that 99% of the deals are in the
growth after two years of contraction. The industry's domain of Intenal Combustion Engine (ICE) vehicles, with
turnover stands at US$ 56.5 billion, which includes suppliesEVs only accounting for 1% of total component
to domestic OEMS, aftermarket and service sales, and consumptiorS,

TABLE: Segmentwise domestic production

Category 201617 201718 201819 201920 202021 2021-22
Passenger vehicles 3801670 4020267 4028471 3424564 3062280 3650698
Commercial vehicles 810253 895448 112405 756725 624939 805527
Three wheelers 783721 1022181 1268833 1132982 614613 758088
Two wheelers 19933739 23154838 24499777 21032927 18349941 17714856
Quadricycles 1584 1713 5388 6095 3836 4061
Grand total 25330967 29094447 30914874 26353293 22655609 22933230

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

By hANAIAYEE 91dALIYSYd al ydzFF OGdzNENI 6h9av YI{1Sa d2adSyvya 2N O02YLRySyda GKF G
26 Future of Mobility: Transforming to be ahead of the opportunity, ACMA Annual ReportZ021tps://www.acma.in/uploads/publication/annual
report/ACMAANnuatReport2021-22.pdf
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FIGURIE: Automotive manufacturing clusters across the country along with NATRIP test centers

Automotive manufacturing clusters across the country along with NATRIP test centers
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In terms of research and development, the Indian t N2 2SO0 ¢ ob! ¢wAt v dzyRSNJ{KS
automotive industry constitutes 8% of the total R&D 2016 with a total budget of US$ 388.5 million. The NATRIP
expenditure of the country. Major automotive companies has completed 21 of the ptmed 22 sanctioned facilities
spend on average -3% of their revenues on R&D with one remaining facility still under construction in
(Narasimhan, 2019) and more than half of these Chennal’. Out of these 22 facilities, six fikdged test
invesments have been used towards emission compliance centres have been seip nearby the major automotive
and electrification. Investment flow into EV startups in 2021 clusters across the country.

touched an altime high, increasing nearly 255% to reach
INR 3,307 crore (US$ 444 million). There is a need toset
proper charging infrastriare for EVs in India. To install
electric vehicle supply equipment (EVSE) infrastructure for
EVs, various public sector firms, ministries and railways
have come together to create infrastructure, and to

Within India, there are three major automotive clusters,
namely, northern, southern and western. The northern
automobile cluster (see Figure 7) is located in the National
Capital Region (NCR) covering Delhi, Gurugram and
Faridabad (Haryana). The wetinnectal road network of
O Delhi and Haryana with the rest of the country and the 165
manufacture components. To help the automotive intiys km long Yamuna expressway helped to form this cluster.

reach global standards, the Indian government started the . .
bl OAZVE ¢ i 2 Y264 GS ¢S4 }\Wlthzlln theI nort}Qern clustser, Hfli_ryar%a“asgsutrﬁn p,re"s%n(’:\le\S
“ . y e . ad ofyautomobiYe manu\?/a%turers sugh as ﬂ/la%ﬁjzu |,29|(lejro z
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27 Annual Report 202@1: https://static.investindia.gov.in/s3fgpublic/2022 04/Annual%20Report%20202P%20MHI.pdf
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Honda, Haoda Motors and Escorts which have led to the hub. The NCR cluster hosts R&D and testing facilities and is
development of a large number of ancillaries. The well-connected with the rest of India. For example, the
GurugramManesarBawal region has been identified as an International Centre for Automotive Technology (ICAT)
auto hub by the Government of India. A number of auto and located in Manesar provides testing and R&D services to
auto component units have already sa@p basesin this the industry and wasetup as a part of the NATRIP.

FIGURE: Northern cluster

Northern cluster

Name of clusterMayapuri auto
components

Location:West Delhi

Excellent road network to
facilitate transportation.

Well connected to gurgaon and
faridabadauto cluster.

Over 30,000 people employed for
recyclingvehicleparts.

Name of clusterGurgaon auto
parts

Location:Gurgaon

Major products Engine parts.
Body and chassis.
Assemblies/sulassemblies etc.
Presence of maruti suzuki, one o
the biggestemployers.

Nameof cluster. Faridabad auto
components.

Location:Faridabad

presence of 500 MSMES for auto
components

Major products:Sheet metal
rubber and plastic components

35% of the MSMESater to
automobile parts.

Presence of cems like yamaha
mahindramaruti etc

SourceiBEF

Chennai, Hosur and Bangalore form the major locations inmajor ports, 23 minor ports, and 7 airports across the state
the southern automotive cluster (see Figure 8) and the providing exceptional connectivity (Frost and Sullivan,
ChennaiBangalore industrial corridor is also in this region. 2018). The presence of IT and technology parks, a skilled
The state governments have been providing the required workforce, as well as a wedange of suppliers, institutes of
facilities and incentivesni order to further promote the  collaboration and linked services have made the cluster
sector. One of the objectives of the Tamil Nadu Industrial highly competitive. It is considered among the top 10 global
Policy 2014 was to strengthen the state as a manufacturingautomotive clusters (Okada & Siddharthan, 2008). Hosur
hub and attract incremental investments of over 10% every (Tamil Nadu) is located close to Bengaluru, gom& hub
year in the sector. Tamil Nadu has an advancedwhich provides a plethora of investment opportunities in
infrastructure with a superior road and rail network, 3 the region.
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FIGURB: TamilNadu cluster map
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developmenthub

Location:Hosur
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tier-1, I, and 1l

Location:Coimbatore

Twowheeler,four-wheelers, commercial
vehiclesfractors

Karnataka hosts five automotive clusters (see Figure 9) inservices and sectorial training institutes that cater to the
Dharwad, Belgaum, Shivamogga, Ramanagara andkills requirements of the cluster (Government of
Bengaluru Rural with excellent support infrastructureeT  Karnataka, 2014)

state has leading R&D institutions that provide knowledge

FIGURB: Karnataka automotive cluster

tomotive cluster

Auto component cluster
Location:Belagavi

Presencef precision engineering SEZ
foundry clustefocusingMSME.

Industrial valve cluster

Location:Hubballi, Dharwad

. Auto cluster
Valves and machinery components are

the major exportablétems. Location:Hoskote, Bengalurtural

KIADB Industrial estate with extent of
17 acres

Industrialarea- 402 acres

Auto component cluster Automobileparts
Location:Shivamogga

Autocomplex, sagad.2 acres
Foundry is one of major activity in the
manufacturing sector.

Manufacturinghubs

Narsapur & Vemagahdustrial areas in

Potential areas for automobilgervicing kolardistrict

Auto cluster
Location:Bidadi, Ramanagara
Bidadi industrial areal1,498 acres

Presence of largecale players like
toyota kirloskar motor

Scope for ancillary uniia automobile

SourcelBEF
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The western automotive cluster (see Figure 10) consistsofa { Af f SR fF 62dzNJ LI22f yR 3I22R Ay TI

MumbatPuneNashikAurangabad and Sanasidholera cluster level approach has contributed to its emergence as
Halol in Maharashtra and Gujarat, respectively. Automobile a key investment destination for major automotive OEMs
clustering in the MumbalPune region started early in India and ancillary companies, supported by modern
due to its proximity to the coast for the import of heavy infrastructure, premium social infrastructure, civic
machinery via Mumbai port, aavailable power supply, a amenities, and Centres of Excellence (CoE).

FIGURHEO: Westernautomotive cluster

Westernautomotive cluster

Auto clusters
Location:Becharaji

Major players Honda Motorcycles

Auto cluster
Location:Sanand
Major players Ford motors, tatamotors, maxxis

Auto cluster
Location:Halol

Major players SAIC Motors,
heromotcorp.

Auto cluster
Location:Aurangabad
Major players Skoda, Varroc, Endurance

Auto cluster
Location:Nashik

Major players Mahindra,
BoschABB.CEATyres

Auto cluster
Location:Mumbai and Thane

Major players MahindraandMahindra

Auto cluster
Location:Pune

Major players TATA Motors, Mercedes
BenzBajajAuto.

SourceiBEF
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Building on the above success of spatial policies for the- Introduction of robots and new manufacturing
promotion of innovation, there is a clear requirement for techniques on the factory floor.

an upto-date repository of cluster information in India
located within a national observatory where this
information is accessible to all system actors. Coherent - Focus on making India the global automobile
spatial policies are crucial for building a robust innovation =~ manufacturing hub.

ecosystem that encourages private enterprises in building

2010 onwards

Increasing focus towards EVs and hybrids.

inK2dzaS NBaSkNOK OFLIOAGE Fi2y3a GgAGK aO02ttF02NIdAYy3 6AGK

knowledge institutions to pursue mket-relevant research - Introduction of new materials and emgence of

GKNRdZAK Ydzidzk t &8 RSOARSR I 3NBligepaigdesigp cappbilifyec s wnwns LIOHANO &

Some automotive clusters have developed in locations “kelnitially, the industry focused on importing technology from

Chennai and Kolkata for historical reasons, while the Othermainly European countries, starting from the assembly of

two clusters have come up due to easy geographical access, ;tomobiles followed by governmesnforced
and government policies. localisation to a fulscale manufacturing boost andgort.
. The Tariff Commission (1955), which created the licensin
4.2 Global vs. Indian Technology _ ! (1959) . 9
) ) regime, led many foreign car manufacturers, like Ford and
Trajectorles GM, to leave the country. Although this policy is criticised
for the slow growth of the sector (CAGR at@®fsiom 1959

A Historical Perspective to 1980), it nsulated the local market from foreign

Though cars were seen on Indian roads through the 1930scompetition and allowed them assured growth.

they were imports as the Indian automotive industry only powever, the improvement in technological capabilities of
emerged in the 1940s. In 1942 Hindustan MoOto8S  fims in developing countries results from bothtiouse
launched, closely followed by its competitor, Premier, in rep efforts and foreign technology imports. The protettio
1944. These two companies dominated the domestic yjicy did encourage the acquisition of basic production

market for more than four decades. capabilities; however, it did not equip the firms with the
The evolution of the Indian automotive industry can be coordination capabilities necessary for survival in a
summarise@ as follows: competitive environment. This changed with the

introduction of foreign direct investent (FDI) in the sector

in 1983. Suzuki and the Government of India formed the

Supplydriven market, limited models and designs. joint venture MarutiSuzuki with a focus on localisation,
which led to the creation of a chain of wortdass

1950 to 1980s

Emphasis on indigenisation of parts and assemblies.

Focus on petrol and diesel. first modd £ & a | NH#b lbcaliged withil fivebyears
led MarutiSuzuki to develop local vendors from scratch
(Kale, 2011). As more domestic firms created joint ventures
Shift from mere indigenisation to efficiency and better with Japanese and US automotive companies, the influx of
designs. foreign technology along with capl resulted in a
technological shift in the sector, from the batch production
method to the conveyor belt method, along with
introducing electronics in vehicles. The firms were also
Emphasis on making fuefficient cars along withthe  forced to increase their R&D spending to modify their
availability of imported parts and designs. designs to local reds, source components from local
Early 2000 suppliers, and validate all parts for Indian standards
(Narayanan, 1998).

1990s

Launch of an automobile policy, facilitating the entry
of global assemblers.

Fully delicensed and 100% FDI allowed.
During the 1990s, the government allowed 100% FDI in the

Focus on making India a part supplier in the global sector. International firms saw India as a market for growth
supply chain. as the international auto maek was slowing down during
Shift to a demandiriven domestic market. this time. Along with these firms came international

component manufacturers resulting in increased quality
and reliability. The impact of FDI on increased productivity

YoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Vo
28 White Paper Automotive Industryhtip://dcmsme.gov.in/white paper/1.%20WhitepapeAutomotive%20SecteYear%201.pdf

49

O2YLRYSYy(l adzllL ASNEP® ¢KS I20SNYyY


http://dcmsme.gov.in/white_paper/1.%20Whitepaper-Automotive%20Sector-Year%201.pdf
http://dcmsme.gov.in/white_paper/1.%20Whitepaper-Automotive%20Sector-Year%201.pdf

INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVATION (IASSI)

and competitiveness has ensured that benefits accrue to engines and shorter refueling times. This time it is the ICE
consuimers and labour. Some local assemblers went out of vehicles on the losing side.
business because of the competition, and others entered

o i A 2KAES C2NRQ& aa 2 &tahspoftation ONR dzZI K Y
into joint ventures with foreign firms to keep afloat.

the masses, the tradeffs also came along with it. Air

Many manufacturers now adhere to global norms regarding pollution, CO2 emissions, traffic accidents, and traffic
emission/technology standards. Theghéeved significant  congestion. The global automotive disruption we are seeing

success in garnering engineering capabilities and adaptedoday was years in the making. Rising temperatures, fossil

to local requirements through local design. Indian firms like fuel depletion, and the move towards smart cities and

Maruti-Suzuki started to move towards their own designs transportation, along with multiple breakthrough

FYR RS@St2LIVSyd OF LI 6Af Al A Sekhhologiesli mada 2 the2 NHustty I daghO KnBdwatiany RA | Q &
fANRG AyYyRAZISy2dzat e RSaA Iy SRbolndadds ardl find Relv €dlutiolls. Vithydt wendilbsgeTin the | K A y R N.
Ff&az2 1 dzyOKSR 4 {-lbasaldehebpment y future maybe fenhedithé second inflection point tine

effort. With its potential to build lowcost quality products, illustrious history of the automobile.

India now edges over many other developing countries in

. . L Redefining Mobilit
the automotive secto The Indian automotive firms, along g y

with component makers, have come to the same level of ¢ KS I dzi2 Y20At S 41 a yS@OSNI | WYy S
innovation, quality, and reliability as their international integrated mechanical, electrical, and chemical
counterpart$°. technologies, and, later included software. Today a car is a

computer ;m wheels, moving forward, it will become a data
centre and then, ultimately, a component of the more
. . extensive mobility network. The four major disruptive
The Indian automotive sector has long been a stable ) y. . ! P
trends the industry is moving towards currently are known

industry with prelictable ups and downs. What it is )
. . . by the acronym ACESautonomous, connectedelectric,
currently seeing has been previously seen in the US, 110

. A . and shared. According to a McKinsey's report, more than
years back, with Henry Ford settimg the assembly line. It . )
L . L . US$ 200 billion has been invested by OEMs, component
can be termed the first inflection point in automotive

history. At that time, EV's had a 38% market sharthe US, makers, and startups in ACES technologies since 2010. This

. . . aved the way for the transportation revolution along with
which was slowly declining due to ICE vehicles. EVs lost OLR .y ) p. . g.
. S . . the conventionaljobs associated with them. Here is a
due to the increased reliability of internal combustion

summary of ACES.

4.3 Moving Forward

Autonomous Vehicles

FIGURHE1: Levelsof autonomous driving

SAHevels of driving automation simplified, Two matter most
Level 2: Driver in control and LeveMEhicle in control

Level O Level 1 Level 3 Level 5
(Today) (Today) (unknown) (far future)

Human &

Who is driving Humanis responsible vehicle share Vehicle is responsible
responsibility

Automation: Assistedsafety Semiautomated Semiautomated - » o
) ) Fully autonomous drinig based on conditiorestrictions
(e.g., AEB) Steering or speedfl Steering or speed|
", o " - " All areas and
Conditions Limitedconditions dependent on system capabilities Limited areas, conditions, and weathe| -

Y212 Y %Y Y2 Y22 Y2 Y2 Yo Yo Yo Yo Yo VYo
29 Researchdriven (2016) Business Todaytps://www.businesstoday.in/magazine/feates/story/indianautomakersare-focusinghard-on-r-and-d-63613
2016:05-03
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The journey that started as a technology to help humans Adoption rates for EVs across the world haweréased
drive a vehicle has now transformed into eliminating the significantly, with most countries expecting them to
driver from it. The Society of Automotive Engineers (SAE)constitute 40¢ 50% of total vehicle sales by 2030. A major
charaterises this autonomy into 5 levels frdavel 0 (full reason for this rekindled interest is the disruption in battery
driver control) to level 5 (no driver control). technology. Battery costs for #@% of the EV cost. Battery
" costs hae come down from US$ 1000/KWh in 2007 to US$
Traditional automakers and technology startups are . .
. . . . - 200/KWh in 2020. In addition to costs, there have been
investing in the creation of autonomotgiving ) s in batt fety. [ d
. mprovements in battery safety, lifespan, and ener
technology. OEMs across the world are adding mcrementalI P .v ! y y . ! i P . 9y
. . . density. Newer battery chemistries that involve
autonomous functions with each fadélof the model as ) ) e ) )
. . . magnesium, sodium, or lithiumsulfur, with the potentiato
technology and infrastructure improve over time. If

. . . . . outperform lithium-ion batteries, are increasingly test&d
autonomous driving takes off in a big way, with supportive . ] ) ) )
. Research is also being conducted in battery swapping which

regulations, up to 15% of all new vehicles sold globally in Id end th ot q haraing fi bl
2030 could be fully autonomous (McKinsey, 2016). could end the range anxiely and recharging fime probiem.

Globally, BYD, a Chinese corporation, leads the sales of EVs
and plugin hybrids, with Tesla coming second. However,
Tesla leads in battery EV sales. The sales of EVs have shown
a 62% growth in 2022 HY1 compared to 2021 HY1, with
total sales of 4.3 million units

In India, however the government is wary of fully
autonomous driving due to fear of loss of driver jobs, which
is a huge portion of organised and unorganised
employment (Dash, 2017). In spite of this, many global
automotive giants are working with Indian higher education
institutes to incorporate machine learning (ML)/artificial Shared Mobility
intelligence (Al) into their autonomous systems to reduce Rapid urbanisafi he lack of ) ] d
traffic casualties. The Indian Institute of Technology (IIT) ap! l:rdanlsatlonl, the at:] ho F’ro",’er city | N gf, an.
al RNJ 80 NB&SI NDKSNE | NB- F £H9ested 19345 gigpgqwith jhg rise4n fhe castof pyning.a, -,
N . . car have led to the riSe of various cab aggregators like Uber,
inspired neural networkgo replicate human decisions Lvit. Ol 4 DIDL. Al ih th ; ) bil
during driving (Kumar, 2020). Several prominent Indian it .a an 1. Along wi 'S mapr automo |.e

. . companies around the globe are also starting car leasing
manufacturers have also launched vehicles with level 2

. programmes,or cars as a service (CaaS), to tap into new
autonomous technology, with many more expected to )
follow suit areas of growtB. While currently the per km cost of these

services is still greater than owning a car, it is expected that
Connected Vehicles the rise of electric vehicles and improvement in

. . . autonomous driving could make wayrfiobotaxis.
Automobiles today are also connedtéo the internet, with 9 Y

ongoing research to connect them to each other. Today the In India, many tech startups are directly working with
driver can get personalised-gar entertainment content  automotive manufactures to introduce EV and ICE vehicles.
along with optimised traffic routes according to traffic and Along with this many industry giants are funding carpooling
weather conditions. In the future, it is expected thatrs startups. For twewheeler vehicles, cases include lasile
could talk to each other along with traffic lights to allow delivery ke Zomato and Blinkit whereas for threéheeler
safer travel with shorter commute times. and fourwheeler vehicles, passenger mobility is the largest

. . . .., demand drivets,
Connected ecosystems are expanding fast in India, with

manufacturers deploying ehoard diagnostic (OBEjased 4.4 Electric Vehicles and the Case of
connected car solutions, fleet telemasicand vehicle

navigation. India

Electric Mobility According to India Energy Storage Alliance (IESA), the Indian
EV market is expectetd grow at a CAGR of 49% between
2021-2030, with total sales reaching 17 million units. Most
of these sales are expected to come from tvemd three
wheelers. The Government of India has introduced
production linked incentive (PLI) schemes of INR 18,100

Electric mobility is not a new concept, but the recent
developments in  battery technology, charging
infrastructure, reduced cost of ownership, and stringent
emission norms have again made them a viable option.

Yoo Y2 Y2 Yo Yoo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

30 Indian auto industry 2.0grant Thornton Bharatitips://www.grantthornton.in/globalassets/-.member

firms/india/assets/pdfs/indian auto industry 2.0.pdf

31 Global EVaes for 2022 H1 E¥ittps://www.ev-volumes.com/

32 Vehicleas-a-service: Deloitte Deutschlandttps://www?2.deloitte.com/de/de/pages/consumeindustriatproducts/articles/vehicleasa-service.html
33 The unexpected trip: The future of mobility in India beyond c&s8d2020). McKinsey & Compatips://www.mckinsey.com/industries/automotive
and-assembly/ousinsights/the unexpectedtrip-the-future-of-mobility-in-india-beyondcovid-19
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crore to boost local manufacturing of advanced chemistry ICE counterparts, work is beingrie to create Epecific
cells to bring down their pricéé To boost EV demand, platforms.

subsidies worth INR 10,000 crore would be given under the

S CLAGSNI | R2 LI A 2 & RV, ﬁher education |nst|tutes |n the couny _are alsgé
- ! z

“ - a li AL, N y by aly . CO a%oratmg%% the |ndustry to work towards improving

+SKAOf Sa¢ 0 Curthé@motelthe gavédrindny S ©

Y . the battery energy density, recycling ofian batteries,

is also working towards settingp charging stations in

27000 out of 70.000 petrol th it new algorithms for better &ttery utilisation and improving
' outor s, pelrol pumps across he couitry charging infrastructure. Most IITs have started new centres

Many technology startups in India are also working on and programmes specifically designed for EVs. Such
battery-swapping technolog§ and EV conversion kits. research collaborations and programmes are expected to
These cowmersion kits can convert an ICE vehicle to EV forhelp the industry by bringing down the costs of these

as low as INR 4 lakh. Many Indian manufacturers havetechnologies. At the same time, academia will gain by

launched EVs at a slightly higher price point competitive to improving their research outcomes and creating a skilled
their ICE counterparts. While these EVs are based on theimworkforce.

N& O

faxN

FIGUREZ2: Bill of materials for an ICE vehicle compared to a battery EV

ICE Vehicles
‘ 31% ’25% 21%

Engine + Gearbox BIW+ Interior fExterior Chassis & Suspension

16% . 7%

100%
Exhaust systems E&E Total materials cost
BEV Vehicles A
50% ' 15% . 14%

Battery BIW+ Interior + Exterior Motor + MCU

Varies by OEMs i
house capability v
outsourcing, and
supply chain deptt

. 11% . 10% 100%

Power Elec. + Cooling Chassis & Suspension Total Materials Cost

. Components different from ICE vehicle:

Y2Y2Y2Y2Y2Y2Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

34 |nvest in Indian Electric Mobility Industry. FDI & Companigss://www.investindia.gov.in/sectdautomobile/electricmobility

35 India, P.T.of (2021) Work on to s&p EV charging stations at 22,000 petrol pumps across India: Centre, NEVivww.ndtv.com/india-news/work-on-
to-setup-ev-chargingstationsat-22- 000-petrol-pumpsacrossindia-centre-2636279

36 EVreporter (2021) List of battery swapping solution providers in Ifidias://evreporter.com/battery-swappingsolution-providersin-india/
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In light of these developments, critical challenges for the
Indian autonotive industry moving forwards are:

A transition to EVs could impact up to 50% of the
traditional ICE bill of material (BOM), disrupting the
auto-component industry and making many of them
incumbent.

Many jobs in the sector have been in their present
shapefor decades. With new technologies emerging
and repetitive jobs becoming automated, upskilling
current employers and training new ones is
challenging.

The cycle for introducing new models is going to
shorten. The accelerating speed of innovation and
stringent norms will pressure OEMSs to shorten their
R&D cycles while constantly integrating the latest
technologies to remain competitive.

With EVs becoming more common, companies and
government need to address the concerns emerging

INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVAT

from additional requirenents on the current power
grid, as most of these personal EVs would be charged
at home.

AS5LY RAL Q&
Project

Hydrogen fuel cell powered vehicles have also emerged as
an alternative to battery EVs. The refueling time of
hydrogen cells is 15 times less than fakarging EVs. It is
less capital intensive than those fast chargers and takes up
less space. The onlydpyoduct of a hydrogen ceflowered
vehicle is H20.

But producing hydrogen is costly, and the technology is still
nascent, with most technological structures yet to be
developed. These issues make this technology unviable for
persond vehicle use but suitable for heavy commercial
vehicles for long distances with a heavy payfad

FIGURHES3: Refuelling comparison of hydrogen fuel cell with BEV

Refuelling speed

km per hour
5500
15x Faster
350
I
EV Fast charger Hydrogen

Investment costs for refuelling
€ LISNJ NBFdzsSttAay:=

7.6
50% less

3.6

EV Fast charger Hydrogen refueling station

The Indian government has started a pilot project in The Traditional Factory Floor

collaboration vith Toyota Kirloskar Motors to test the
technology for Indian roads and climate conditiéfs
Furthermore, the government has also instructed the public
sector company National Thermal Power Corporation
(NTPC) to start hydrogen fuel epbiwered buses from
Delhi to Jaipur.

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

The ACES trends are the technological way forward for the
automotive industry. Apart from these, the factory floor has
also been in line for a major overhaul since the 1980s.

Industrialisation started with e first machines that
mechanised some of the work. Subsequently, there was a

37 McKinsey & Company. The trends transforming mobility's future (2019) McKinsey & Cornpany/www.mckinsey.com/industries/automotivand

assembly/ousinsights/thetrends-transformingmobilitys- future

38 Moneycontrol. Toyota Mirai: India's first hydrogen fuel celiete is herehttps://www.moneycontrol.com/news/business/indiafirst-hydrogenfuel-cell

vehicleis-here-8245151.html
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move towards electricity and assembly lines, before manufacturing, with dvancements in IoT and integration
computers and robots replaced them. Industry 4.0 connects of various Industry 4.0 technologies, a fully autonomous
these computers and robots with minimal human support. factory floor could be achieved.

Industry 4.0has highly intelligent connected systems that Simulation
create a fully digital value chain. It is based on cyber
physical systems that integrate communications, data, IT,
and physical elements to transform the traditional factory

floor into smart factories.

Simulation helps in understanding how the operation will
pan out in different scenarios. Once the idsaknario is

found, costeffective solutions can be developed, tested,
and brought to market with reduced time and cost.

4.6 Eigh Key Technologies That Industries worldwide use simulation for tasks such as

. estimating the total production time and material
Make Up the Foundation of Industry

requirement.
9,40
4'03 Autonomous Robots

Big Data These robots are used to automate various tasks across the

5FGF Aa GKS ySEG oAa3 GKAya3 BV iod and e ppwersd By e lgly Bigse 9BORFR ¢ ¢ 2 R
all the systems produce data, and too much data makes itbe used to transport material around the factory floor in a

difficult to extract useful information that can lead to coordinated way while being connected to the central

intSt f A3Syd Fylrtearad w. A3 5F ryrtedadaq SylrotsS SEGNI OGAyY
useful information for individual components and their Augmented Realig

operating restrictions to prevent any future failure. The
analysis of data produced by the machines can help better
job scheduling and estimatéosses, if there are any.
Automotive companies can use the data generated by ECU
to predict the failure or improve the performance of their
next model. The automotive insurance sector can also
analyse the driving patterns to provide customised plans. cyper Sectity

Augmented reality (AR) gives humans new ways to interact
with the machine along with providing realtime
é'nformation. It is used for various tasks, from faster repairs
on the consumer end to training personnel under
challenging environments.

Cbud Computing la YIOKAySa 0802YS Y2NB FyR Y2NJ
The cloud is currently being employed in the industry to roll Ot 2 dzR¢ z UKS asOdnNaGe _l' YR NBEALFOA
out faster overthe-air (OTA) updates, better and of paramount importance for troubléree operation. The

distributed computing, and faster delivery options than de.velopment in connected and autonomous cars hf’ive also

standalone systems. With continuous improvements in ra|§ed the debate on passeagsafety and data privacy.

technology, machine kning and increased functionality, Being autonomous and connected to a central server, these

more and more industries will be moving to the cloud. vehicles are prone to cybattacks which can not only harm

Various automotive manufacturers have already integrated 1€ passengers but also lead to traffic congestions (in large
the machine learningpased incar infotainment solutions in metropolises).
their model along with OTA updates for driver ia&nce  Additive Manufacturing

systems.
Additive manufacturing is beneficial for smdlatch

Internet of Things (IoT) production and personalised products. It provides the
The IoT is the key technology of Industry 4.0 which supplier with improved design, increased performance,
flexibility and coseffectiveness which is difficult to achieve
pusing traditional manufacturing methods Currently

additive manufacturing is very slow compared to the

interconnects the machine and computers. It allows
seamless data transfer and wireless control of devices wit
minimal human intervention. Advancements in wireless
communication technologies like WiFi 8ca5G made it ~ traditional  manufacturing  processes used in the
possible for machines to talk with each other with minimal automotive industry, hence they are not widely used. But
latency. As the 5G infrastructure in India develops, so will Many luxury auto manufacturers are utilising the
the market for the 10T. Manufacturers around the world are technology to personalise their offegs according to
moving towards using autonomous robots in Ccustomer specifications.

Yoo Yo Y2 Yo Yoo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo
39 |BM. What is Industry 4.0 and how does it work®s://www.ibm.com/in-en/topics/industry4-0
40 SAP. What is Industry 4.0? Definition & Technologies: SAP insighist/www.sap.com/india/insights/whats-industry4-0.html
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4.7 India and Industry 4.0 Bengaluru. The factory will include smart sensors and data
exchange combied with the 10T to move from automation

According to the 2016 World Economic Forum (WEF)to autonomy. Bajaj Auto has introduced 2801 1 ¢ 020 2 (1 4 £

research, India ranked 91 out of 139 countries in the to assist humans in their tasks, Mar®uzuki uses
Network Readiness Index. After that, the Government of approximately 1700 robots in its five assembly lines and
LYRALIF Q& a5 latié helped thé ofuRthylclinb dpy Hyundai has 400 robots in their Sriperumbudur plamt
30 slots to 61st place, as per the Network Readiness Indexeduce labour costs.

20221, The current report also states that India has secured

mad LIXIFOS Ay a!L GF €Sy Ozg’:"())ll.stl/uNJyg\k;)( AQ%R .uzK J_f[ ORS (\

AOASYGATAOR ILI® findidh madugtuding
industry wants to win against its global counterparts, it
needs to integrate Industry 4.0 principles to bring
operational efficiencies. The major area of focus should be
on the Industrial Internet of Things (lloT), additive

manufacturing, @ sensors, augmented reality and Industry 4.0 presents tremendous opportunities for growth
location awareness. and advancement of the Indian automotive sector. India

will need to augment its woflrce with Industry 4.0
technologies and improve the quality of its production
processes to seize these opportunities. Moreover, India
needs to focus on developing national policies and
frameworks that can unleash the benefits of Industry 4.0.
The next chpter offers a review of initiatives undertaken
The Indian Institute of Science (11Sc) is working with Theby the Government of India to enable innovation and usher
Boeing Company to selzlJ LY RAl Q& TFANERGnthanewerdi FIF OG2NE Ay

creates strong partnerships between industry and
government4. The initiative aims to define a strategic
roadmap outlhing the roles of various stakeholders in the
economy and the outcome for the next decade.

Major Indian states have started initiatives to usher into
Industry 4.0. The Andhra Pradesh government has initiated
an loT policy which aims to build 10 IoT hubs along with the
participation of 100 loTampanies to setp manufacturing
and research hubs in the stefe

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

41 Network Readiness Index 2022tps://networkreadinessindex.org/

42 Sourced fromhttps://pib.gov.in/PressRele@&Page.aspx?PRID=1877303#:~:text=India%20has%20improved%?20its%20position, NR)%202022

43 Andhra Pradesh first to have 10T policy, Deccan Chrohitte://www.deccanchronicle.com/nation/curreraffairs/030316/andhrepradeshfirst-to-have
iot-policy.html

44 Big data initiative, Department of Science & Technology aiegent of Sciencehttps://dst.gov.in/bic-data-initiative-1
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t2f AO& [ yYRaOl LIS

In many ways the Indian automotive industry has been 5.1 Core Policies of the India
AKFLISR o0& (KS J2@0SNYYSyidiQa AYyRddAGNRIE LRt Ade |

in the microeconomic environment it helped to create Automotive Sector
(Miglani, 2019). It has evolved through policy regimes
characterised by an era of protectionism (195883),
deregulation (1983.993) and liberaation (post1993). In With the intention of increasing the manufacturing output

addition to direct impact through fiscal policy instruments, I yR SYLX 28 YSyid Ay GKS aSO02NE
the industrial policy also contributed to the development of Plan 2006w c ¢ @016 was the foremost sectespecific

innovation and technological capabilities at the firm level planreleasedonapany RA a0l t S® ¢KS da! at H
(Kale, 2012). The liberal policies of the 1990posrd outcome of a protracted huepth dialogue with all

automotive firms to new competitors and encouraged stakeholders (industry, academia, authorities) over a period

them to innovate and acquire advanced technology 2 ¥ FAFUiSSy Y2y (iK&¢ oO05SLI NIYSyhd s
through partnerships and investments in research and 2006; p. ix)The key objectives of the AMP 2016 were as
development (R&D). At the same time, the industrial policy follows:

protected domestic firms by imposingodal content

requirements that led to the development of basic

capabilities in automotive manufacturing and laid the

foundations of the autecomponent industry (Kale, 2012).

1a LINI 2F LYRAIFQa (NI y&A G ATBoyrovideNavorablé inveStnentioppRrtunities anfl y 2 LISy
economy, the government oped up the automotive appropriate tariff policy for the automobile sector.

sector to Foreign Direct Investment (FDI) in the 1990s and
also progressively relaxed import barriers (McKinsey, to promote infrastructure development in the auto

2006). In keepjng with the view that FDIV generates positive clustets. ) ) )
ALAEE20SNA F2NJ £ 20Ff FTANYaz LYRAFQa L12fAOé | LIWNRBIFOK KIa 08
to attract FDI to serve the local market and to impose local - To facilitate the expansion of domestic demand and to

content requirements to stimulate assembly as well as the encourage exports.

local supply base (Ray and Miglani, 2018). This determined
thrust towards indigenisation is considered a key policy
measure responsible of enhancing technological
capabilities in the automotive sector (Sagar and Chandra,” 10 undertake labour reforms and ensure the

n
Y Ry dzNI dzNB R

Automotive Mission Plan 2002016 (AMP 2016)

To establish India as a key player in the maciufe
and export of twe, threewheelers, tractors and more
importantly, auto components.

To integrate automation and IT in manufacturing and

To support development of R&D and incentivise
modernisation of the sector.

2004). availabiliy of trained manpower.

A lot has happened in the automotive sector post To create world class infrastructure for testing,

liberalisation,and it has emerged as a sunrise sector in the ~ Certification yR - K2Yy2t 23F dA2y dzyRSNJ UK
Indian economy. The past decade has witnessed pslici Pdzi2Y20A0S ¢SauAy3 yR wsb5 LyF!

and initiatives launched to support Industry 4.0 and green (NATRIP).

mobility. The Government of India and the Indian The government states that the AMP 2016 had many of its
automotive industry articulated their collective vision for gpjectivesfiargets completed (DHI, 2016). It achieved its
the future of the Indian automotive sector through target of generating an incremental 25 million jobs as well

automotive mission plans spread evtwo decades that a5 the sales target (number of units sold) of commercial and
seek to define the path of the evolution of the automotive | 3 5 5 Sy 3SNJ OSKA Ot Sad LYRAI Q&

industry in India. Moreover, many analogous policies were smga|| cars is one of the keycammnplishments of the AMP
launched in parallel that supported the growth of the 2016 (DHI, 2016). Apart from that, the sector achieved a
automotive sector in multiple ways. significant quantum of investments from global and local
Explained below are the congolicies of the automotive ~ ©riginal Equipment Manufacturers (OEMs) as well as
sector in India that are addressed in turn, along with the COMPponent manufacturers, exceeding the target of INR 1.5
supporting policies that have a bearing on the Indian !2kh croe (DHI, 2016).
automotive sector. Despite these accomplishments, the AMP 2016 faced two
main challenges that were taken into consideration while

w»
_<
w»
zZ
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RNI FOGAy3a Ada adzondc$a ac! Nt  (HKnéndcohdeentt feofaction and global competitiveness. It
first challenge pertained to the low involvement of purports to make inputs to supporting policies of the
government bodies rd institutions at all levels (central, Government of India that have a huge impact on the growth
state and local) in the implementation of the AMP 2016 and and weltbeing d the automotive industry (DHI, 2016).

the lack of coordination among therBecondly, the AMP
2016 was positioned as a document primarily meant for the
manufacturers and not positioned with otheinterest
groups or stakeholders in mind, which is why the AMP 2026
seeks to be more inclusive by design than its predecessor
(DHI, 2016).

With regards to the trade policy of the government, the
AMP 2026 supports the rationalisation of custom duties on
raw materials used in automotive components and
vehicles; and calls for an emphasis on the domespacidy

creation of imported items such as automotive electronics
in order to boost local manufacturing and to support the

Automotive Mission Plan 20126 (AMP 2026) Make in India initiative. Though it welcomes the thrust
G2 LINRPY23S SELRNIA- Z\)f

. § . 3ABSY,
¢KS atat wnWc tAaAzy {uI-u%\ﬁ%y%aé Yllga%o%va%lgf&x&rtpromotlon

Indian automotive indusy will be among the global top

h in the fields of . i factur q schemes and further simplification of procedures, it also
ree in fhe Tields o englqeerlnqnanu a(_: uring, an calls for an additional duty drawback to be given to both

exports by 2026, encompassing the promotion of safe; . . o

triend| d affordabl bility for th iority (DHI vehicle and auto component exports. In doing so, it aims to

riendly, and affordable mobility for the majority (DHI, rove the export potermal Df the autommte _sectqr.

HGn meo :Df| z K_ SJ “ C};O{bl.ft i 5 N‘:' : ue ‘ Consm%rlng tﬁe}fcompe%ve nature o?tﬁe sector the Aﬁlé
ovenment ot india in January orthe next phase o 2026 suggests that Free Trade Agreements should only be

the automotive mission plan lists the core objectives of the . . . L
) signed with countries that do not have a significant
AMP 2026 as given below: . . .
automotive production base. Such inputs are expected to
To propel the Indian automotive industry to be the ensure that the autorative industry in India is subjected to
SyaaysS 2F GKS dqal 18 Ay L yaRdran preddBoi igavefning emvironment (DHI, 2016).

To make the Indian automotive industry a significant  The Indian automotive sector needs adequate fiscal
O2y GNROdzi2NJ (2 GKS a{1Af fsudpoftRahd this cANIBE iNJthg YoBn of yolRer Yaixel, S
one of the biggest drivers of employment creation in  weighted tax deduction for R&D expenditure and
the country. acceleated depreciation rates for the capital equipment
manufactured in India. It further supports setting up of a
Technology Acquisition Fund that finances the acquisition
of cutting-edge technology by the automotive sector. In the
To become one of the major automotive export hubs  area of environmental proteion and safety, the AMP 2026
of the world. pronounces a glide path for fuel usage by automobiles in
India and supports the establishment of emission norms
based on internationally accepted methodologies. It also
advocates the formulation of appropriate regulations ajon
with monitoring and enforcement agencies to check the

To enhance mobility keeping in mind the
environmental protection and affordabiitaspects.

To promote comprehensive and stable policy
dispensation for all regulations and policies that
govern the auto sector.

iKS

Al

¢KS dalat wunuwc a8S1a G2 RSpolifefaton bKspuriohNEomposeHt? MBsuppors tHé K S

evolution of the automotive ecosystem in India including implementation of an appropriate inspection and
the glide path of specific regulations and policies that certification policy along with establishing necessary

govern research, design, manufacturing, technology, infrastructure across the nation. Lasthk 6 & ! at HAHC

import/export  sales, use, repair and recycling of enyisages that the government and the Indian automotive
automotive vehicles, components and its ancdlar & S N2 Aigd$s#yéwill work together to address all the key issues to
(DHI, 2016; p. vii). It emphasises that all regulations andtake India to its rightful position in the global automotive
policies impacting the sector should be comprehensive iny y Rdza G NE Q& asSSLJadtr 18a¢ o051
scope and scale and should be implemented harmoniously

LZ HAN

FONRAA GKS yEdGA2Zyd ¢KS 1 atNalpPRglpuiopetiveRpligydNAPE2018y 1o s x a2y

itself as theguidng document for all institutions thatframe  / 2 vy L)t SY Sy i | NB i 2 GKS I at

HNAOHC

policies impacting the manufacture and use of automotive | gzi2 Y2 A @S t 2t A0&8¢ oOb!t HAmMyO KI

LINB RdzOG & Ay Ly RANHuE it récdrhntedds H @iise Tined-dfthe RARY2H02) for the holistic development
interventions in policy areas (with relevance to the of the automobile sector in India through a comprehensive
automotive sector) such as investments analde, tariffs,  policy frameworkWith the objectives mainly aligned with

trade agreements, fiscal and taxation measures, exports,the AMP 2026, it identified five key areas for policy
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intervention, namely: a) innovation and R&D, b) vehicle four focus areas, namely: (i) demand creation, (ii)
manufacturing, ¢) components manufacturing, d) green technology platform, (iii) pilot project and (iv) charging
mobility and lastly, €) an enabling ecosystem foeth infrastructure? KAf S t Kl &8 L g6l a adAftt
achievement of the policy objectives. Though it envisionst 2 f A 08¢ F2NJ GKS LINRY2{iA2Yy 27
the growth of the industry as per the goals set out in the was introduced  the Ministry of Road Transport and

AMP 2026, it prescribes policy guidelines specific to Highways (MoRTH) in December 2016. It enumerates
automotive value chain focus areas to address the issuesprovisions for eickshaws with a view to promote urban

faced by different stakeHders. Another unique aspect of mobility. The policy suggests thatriekshaws can be

the draft NAP 2018 is that it seeks to establish an proactively used for last mile connectivity in cities assthe
automotive ombudsman to strengthen the grievance offer low cost and zergollution transportation. With
redressal system with an emphasis on quality and nearly 386 of the Indian population living in urban areas
compliance standards. Effective implementation of any (Census 2011), there has been a continuous shift in the
policy requires coafination among government bodies. oy jation. Seeking to get the most out of this opportunity,

The NAP 2018 proposes the formation of a nodal body for e Ministry of Housing and Urban Affairs launched the

the industry to act as a consultative agency for all ministries g ' ND Iy DNBSY a20o anibar2d7 grd&SYSé

engaged in the formulation of automotivelated policies  yromotion of a low carbon sustainable public transport
and regulations. The body wile responsild for reviews systems to reduce the carbon footprint.

a dz:

Ay

SOSNE T2dz2NJ 8SINB | yR NBO2YYSYyR 02dz2NES O2NNBOGAZ2yad aLid oAt

Phase Il of the FAME scheme came into effect from 1st April
2019 with a larger allocation of INR 10,000 crore and an
implementation period tlat is spread over 3 years. Apart

also serve as the repository of technical domain expertise
and data on all aspects of automobiles and their
manufacturing and be the technical advisor and the
secretariat. The propaal nodal body will be a twiered ~ TomM budget, the policy brings in changes in demand
structure with an apex body supported by the National incentives and the target number of vehicles, along with

ldzi2z2 Y2GA 08 /1 2dzyOAt ob! /0 oé NYsXFYsstechnglqgy qefinjtigps ang) pegformance and
eligibility criteria for vehicles (DHI, 2019). It advocates

National Electric Mobility Mission Plan proactive support from the state governments to
(NEMMP) 2020 complement the efforts of the central government for the

The growth of the automotive industry poses the key promotion of emobility. The DHI is the nodal agency for

i . ; - . layin idelines. A commi mprisin retari f
challenges ofising energy costs, increasing oil import bills, aying guidelines co tiee comprising secretaries o

. -, various ministries named the Project plementation and
and faster depletion of traditional energy sources, among s o . PISC q h
2UKSNE® oKS (Fayok 27 G KSIIRIGGBYeR IS BYgA5IB 15 SEFGAY, ¢ o
aABAA2Y tEhy Hwnuné o6boaat o () sV ORRIVED O RUarses ,es MIPPING. ¢ 5
. . sanctioning, and implementation of Phase Il. As opposed to
plan to mitigate these challenges aretluce the impact of Bh | ph It bli )
mobility on the environment (DHI, 2013). In accordance a_lse. T ase o.cuses molrle fon F;Ul ¢ ;ra:fspgrtzltlon,
with the objectives of the AMP 2016, the NEMMP promotes Ero;ectlng It asan environmentally friendly and affordable
the sales and manufacturing of electric vehicles through
various reforms. To boost its Make in India initiative, the Ph L. orirmarily | d i ) ; th
goverment planned to make the electric vehicles market asi ’ prlmarlg OC:ST on p:;v' mil".m IMmpetus odn €
in India seHsustaining. Accordingly, the DHI formulated the msgu acturing of evehicles, sumssem |es,pfarts, an
G4Cla9 O6ClHaGSNI I R2LIGA2Y YR ?aQSdE?f?”%]g_‘"’_‘dz%ﬁge fluty %tt)r”_%f”le é”?]%qfrﬁto 30
9f SOGNRO + & Kedhénieinediaymaking REVE increase value a ition a'n capac!ty ui |r?g int ecquntry.
. . . - . . The PMP announced an increase in the tariffs for the import
(hybrid and electric vehicles) I§sustaining by increasing )
. . of battery modules, electribuses,and trucks to promote
domestic capabilities for product and technology = . ) »
.~ indigenousproduction. Until August 2019, for 64 cities a
development. It proposed a slew of measures to achieve | of 5.595 b fod di ) .
the objectives of the NEMMP. Phase | of the FAME schemet,Ota 0f'5,595 buses fointra and intercity operation were

under the ambit of the NEMMP, was launched on 1st April sa;:ctloned unger :hjzz(s” (hDHI’_ 2019)'_ In a_ddlélgn, .t.he
2015. It pomoted manufacturing and encouraged the scheme sanctioned 2, charging stations in cities

buying of reliable, efficient, and more importantly, across 24 states/UT#és on 15th Jyl 2022, a total of 532

affordable electric/hybrid vehicles to ensure sustainable chzrgglg s;at'?:TMh;V; bkee.n |Ins(;|t.alled79 under FAME
growth. Initially launched for a period of 2 years, it was and 53 under (Make in Indigf}.

subsequently extended to 31st March 2019. Rhashad

Y o YoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yoo Yo Yo Yo

45 Sourced fromhttps://www.makeinindia.com/sector/automobiles
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INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVATION (IASSI)

Furthermore, in order to strengthen and institutionalise the Intending a cleaner environment andawting to lower the

collaboration between the Department of Heavy Industry import dependency on fossil fuels, tieb  GA 2y f t 2t A 0@
(DHI) and the Depanrtent of Science & Technology (DST)in. A 2 CdzS f & underdtiet Min®tby of Petroleum and

R&D and technology development in electric mobility, a Natural Gas (MPNG) was approved in May 2018, which

22Ay0G LINBINIYYS OFffSR {iKE&nvisagesSaOirger df 2@dended fethandl andX6% & 2 NJ

9t SOGNAO az2oAf-apiie2D16.0t¢ aiMiatd Biddidsel inPetrol ad diesel respectively by 2030 (MPNG,

provide a collaborative platform for developers,pgliers 2018). For providing sustainable mobility and accessibility

and automotive manufacturers to work together to develop to all citizens, the Ministry of Urban Development (MoUD)

technologies and products that cater to the development of issued an updated versionofiisb G A2yt ! NBI y ¢ NI
e-mobility (Mukherjee, 2017). Responsibilities of the t 2 f A O& & yO Hindvtnd ¢ Angréaselingdenthdd 2 A R
platform also include updating the technology roadmap of for travel, shiftfrom personal vehicles to mass rapid

the NEMMP and FAME, aimtaining an updated and transport and improvenclude clean fuels and clean

prioritised list of relevant R&D programmes and developing i SOKy 2f 23&8Q | LILINB I OK | & I RG2 0L
white papers on critical technologies (DHI, 2016). As a nodaDevelopment Bank for making transport more climate

agency, the DHI has many platforms and policies formedfriendly (MoUD, 2014). Besides thigprescribed

under its purview with one of them being the Developme  framework for vehiclesonroad§, ¢ KS a2 G2 NJ £ SKA Of S35
Council for Automobiles and Allied Industries (DCAAI). Thg1914) was amended in 2019 with regard to the issues of

DCAAI was constituted in 2008 for the productive utilisation recall of vehicles, taxi aggregators, various offenses and

2F GKS /Saa CdzyR |t 20l (S Rrelatedl pefiakis. Italsolpr@pbsed aypsobbld developRehS (i § 2
promote R&D projects for automobiles and allied of a Natonal Transportation Policy, in consultation with

industries. The council ikaired by the Secretary (DHI) and state governments, among many other thiAgs

it meets at least twice a year to discuss issues related to the
development of the auto sector. It consists of 25 members
and has projects approved amounting to INR 13.5 crore and
INR 8.8 crore for the years 2018 and 20920,
respectivelys.

Fiscal measures also play a crucial role in the performance
and growth of the automotive sector. Measures such as the
slashing of excise duty for hybrid vebil an increase in
customs duty on imported vehicles, or the provision of
additional income tax deduction on the interest paid on the
Dealing with aspects of logistics infrastructure and last mile loans taken to purchase EVs have a huge bearing on the
connectivity, thed t NI RKIFy al y i NR D NJIsattor{ Th& intiodugtich &t tifel Goods and Services Tax
(PMGSY)was launched in 2000 with the purpose of (GST) led tthe overhauling of the taxation regime in India.
providing good allveather road connectivity to remote  Tax rates for commercial, used and personal cars varied
villages aarss India so that the automotive sector can reach across all categories of the GST. Initially, the chargers and
the hinterlands of the country. Five years later, the charging stations for EVs were taxed at 18%, and this was
government announced an ambitious highway subsequently revised to 5% bine 36th GST Council
development programme, called thed . K NJ { YMeétihg held in July 2019 (post the start of FAME Il) for the
t I NJA & Bridging & new wave of development for the promotion of sustainable and green mobifity The
sector inthe form of weltmaintained and developed ro