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MESSAGE 

I am pleased to extend my warmest congratulations to the Department of Science and Technology (DST) and the 

United Nations Industrial Development Organization (UNIDO) on the successful completion of the National Manufacturing 

Innovation Survey (NMIS) 2021-ннΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǎǳǊǾŜȅ ǇǊƻǾƛŘŜ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴǎƛƎƘǘ ƛƴǘƻ ǘƘŜ ǎǘŀǘŜ ƻŦ ƛƴƴƻǾŀǘƛƻƴ ƛƴ LƴŘƛŀΩǎ 

manufacturing sector. The Government of India has been steadfast in its commitment in promoting the competitiveness of 

Indian manufacturing and increasing its contribution to the GDP. In the past decade, key policies and programmes have been 

implemented to stimulate innovation, entrepreneurship and the adoption of new technologies. Additionally, large-scale 

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 2021-22 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, 

ƛƴŎƭǳŘƛƴƎ ŜƭŜŎǘǊƻƴƛŎǎΣ ǇƘŀǊƳŀŎŜǳǘƛŎŀƭǎΣ ŀƴŘ ŀǳǘƻƳƻōƛƭŜǎΣ ŀƴŘ ƘŀǾŜ ŀƭǊŜŀŘȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ǇƻǎƛǘƛǾŜ ƻǳǘŎƻƳŜǎΦ ¢ƘŜ ǎǘǳŘȅΩǎ 

recommendations will 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 offering recommendations for continued growth and success of the Indian manufacturing sector. 

 

 

(Dr. Jitendra Singh) 

 MBBS (Stanley, Chennai) 

 MD Medicine, Fellowship (AIIMS, NDL) 

 MNAMS Diabetes & Endocrinology 
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FOREWORD 

I am pleased to present the National Manufacturing Innovation Survey (NMIS) 2021-22 report on behalf of the Department 

ƻŦ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ ό5{¢ύΣ DƻǾŜǊƴƳŜƴǘ ƻŦ LƴŘƛŀΦ ¢ƘŜ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ƭƛŜǎ ƛƴ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ǇǊƛƻǊƛǘƛȊŀǘƛƻƴ 

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 2021-22, a follow up of first Indian innovation survey in 2011, is a focused effort to evaluate the state of innovation in 

LƴŘƛŀΩǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǎŜŎǘƻǊΦ Lƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ Industrial Development Organization (UNIDO), this 

survey provides a comprehensive understanding of the Indian manufacturing innovation landscape. 

The NMIS 2021-22 findings offer valuable insights into the enabling characteristics and barriers to innovation faced by firms, 

and closely evaluated the performance of states and sectors in terms of producing new products and services. The detailed 

analysis of the survey results provides valuable insights into the innovation ecosystem in India. I anticipate this report to 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 Science, 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 bolster the Make in India agenda. 

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

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

innovative and dynamic manufacturing sector in the country. 

 

 

(S. Chandrasekhar) 
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It is with great pleasure that I 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 Nations Industrial 

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 specialized 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 2021-2022 is a comprehensive study that provides a detailed understanding of the innovation landscape in India's 

manufacturing sector through a firm-level and systems analysis of innovation. The firm-level 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 ecosystem that 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 and beverages, and information and communication technologies (ICT). 

The findings of the NMIS 2021-2022 serve as a valuable resource to policymakers, researchers, and practitioners in the field 

of manufacturing, innovation, and economic development. The report highlights 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 not only contribute 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 and the technical advisory committee for their valuable 

contributions to the NMIS 2021-2022. I 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 eager to continuing the long-standing collaboration 

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

 

 

 

Ciyong Zou 

Deputy to the Director General and Managing Director, 

 Directorate of Technical Cooperation and Sustainable Industrial Development, 

 United Nations Industrial Development Organization (UNIDO) 

 

tǊŜŦŀŎŜ ōȅ aǊΦ /ƛȅƻƴƎ ½ƻǳΣ ¦bL5h 5ŜǇǳǘȅ ǘƻ ǘƘŜ 5ƛǊŜŎǘƻǊ 
DŜƴŜǊŀƭ ŀƴŘ aŀƴŀƎƛƴƎ 5ƛǊŜŎǘƻǊ ŦƻǊ ǇǳōƭƛŎŀǘƛƻƴ ƻŦ άǘƘŜ 
bŀǘƛƻƴŀƭ aŀƴǳŦŀŎǘǳǊƛƴƎ LƴƴƻǾŀǘƛƻƴ {ǳǊǾŜȅ нлнмπнлннέ 
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PREFACE 

The National Manufacturing Innovation Survey (NMIS) 2021-22 is a significant step towards assessing manufacturing 

innovation in India. The objective 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 2021-22 offers a comprehensive 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 Manufacturing Innovation Index (IMII) for guiding decision-making in 

innovation policy with respect to manufacturing and related services. The significant difference in the IMII score captures 

the variations in manufacturing across the states. 

¢ƘŜ ά!ǎǎŜǎǎƳŜƴǘ ƻŦ CƛǊƳ-LeǾŜƭ LƴƴƻǾŀǘƛƻƴ ƛƴ LƴŘƛŀƴ aŀƴǳŦŀŎǘǳǊƛƴƎέ ǊŜǇƻǊǘ ǇǊƻǾƛŘŜǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŘ ƛƴ-depth analysis 

of innovation activities, outcomes, and barriers in manufacturing firms. Additionally, the NMIS 2021-22 survey produced five 

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

Textiles, Food & Beverages, and Information & Communication Technologies (ICT). These reports examine the collaborative 

processes between innovation stakeholders and the innovation systems available to specific industrial sectors. 

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

manufacturing firms in the country are innovative, and about eighty percent of these firms have used innovations 

successfully to increase turnover, open new market opportunities, and respond to market and cost pressures. However, the 

study also reveals that firms face a wide array of barriers to innovation, and innovation activities require perseverance and 

long-term commitment. Manufacturing firms demonstrate high risk-aversion and lack of entrepreneurial appetite to engage 

with innovation. Instead of competing for new products that are necessary to compete in the future, firms are still addressing 

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

manufacturing policies and bring attention to the need for an innovation strategy for the country, with 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 great value as 

valuable resource and reference note. 

 

 
(Akhilesh Gupta)  
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MNRE Ministry of New and Renewable Energy 

MoRTH&S Ministry of Road Transport, Highways and Shipping 

MoU Memorandum of Understanding 

MoUD Ministry of Urban Development 

MPNG Ministry of Petroleum and Natural Gas 

MSME Micro, Small and Medium Enterprises 

MTR Mini Tool Rooms 

  

NAAC National Assessment and Accreditation Council 

NABCB National Accreditation Board for Certification Bodies 

NAC National Automotive Council 

NAP National Automotive Policy 

NASSCOM National Association of Software and Service Companies 

NATRAX National Automotive Test Tracks 

NATRiP National Automotive Testing and R&D Infrastructure Project 

NBFC Non-Banking Financial Company 

NCR National Capital Region 

NCVRS National Centre for Vehicle Research & Safety 

NDA Non-Disclosure Agreement 

NEMMP National Electric Mobility Mission Plan 

NIAIMT National Institute of Automotive Inspection, Maintenance & Training 

NIC National Industrial Classification 

NIRF National Institutional Ranking Framework 

NIScPR National Institute of Science Communication and Policy Research 

NIT National Institute of Technology 

NITI National Institution for Transforming India 

NLP National Logistics Policy 

NMEM National Mission for Electric Mobility 

NMIS National Manufacturing Innovation Survey 

NMIT National Institute for Manufacturing Technologies 

NPBF National Policy on BioFuels 

NSDC National Skill Development Corporation 

NSQF National Skills Qualification Framework 

NUTP National Urban Transport Policy 

  

OECD Organization for Economic Co-Operation and Development 

OEE Overall Equipment Efficiency 

OEM Original Equipment Manufacturer 

OSF Open Science Framework 

  

PCB Pollution Control Board 

PE Private Equity 

PEM Proton Exchange Membrane 

PG Post-Graduation 

PHDCCI Progress, Harmony and Development Chamber of Commerce and Industry 

PISC Project Implementation and Sanctioning Committee 

PLI Production Linked Incentive 

PMGSY Pradhan Mantri Gram Sadak Yojana 

PMKVY Pradhan Mantri Kaushal Vikas Yojna 
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PMP Phased Manufacturing Programme 

PPE Personal Protection Equipment 

PPP Public-Private Partnership 

PSU Public Sector Undertaking 

  

QP Qualification Pack 

  

R&D Research and Development 

RBIH Reserve Bank of India Innovation Hub 

RI Research Institution 

RPL Recognition of Prior Learning 

RVTI Regional Vocational Training Institute 

  

S&T Science and Technology 

SAMARTH Smart Advanced Manufacturing and Rapid Transformation Hub 

SCOE Standing Committee on Implementation of Emission Legislation 

SERB Science and Engineering Research Board 

SEZ Special Economic Zone 

SI System of Innovation 

SIAM Society of Indian Automobile Manufacturers 

SIDBI Small Industries Development Bank of India 

SME Small and Micro Enterprises 

SPPU Savitribai Phule Pune University 

SSI Sectorial System of Innovation 

STEM Science, Technology, Engineering and Mathematics 

STEP Science & Technology Entrepreneurship Park 

STI Science, Technology and Innovation 

STIP Science and Technology Innovation Policy 

  

TAGMA Tool And Gauge Manufacturers Association 

TCI Technical Centre India 

TH Triple Helix 

TIEMA Thirumudivakkam Industrial Estate Manufacturers Association 

TIFAC Technology Information Forecasting and Assessment Council 

TKM Toyota Kirloskar Motor 

TLC Teaching-Learning Centre 

TPEM Technology Platform for Electric Mobility 

TRIZ Theory of Inventive Problem Solving 

TSC Technical Standing Committee 

T-TEP Toyota Technical Education Program 

TVE Total Variance Explained 

  

UCL University College London 

UN United Nations 

UNCITRAL United Nations Commission on International Trade Law 

UNIDO United Nations Industrial Development Organization 

USA United States of America 

USD United States Dollar 
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VC Venture Capital 

VDA Verband der Automobilindustrie (German Association of the Automotive Industry) 

VRDE Vehicle Research & Development Establishment 

  

WRI World Resources Institute 

 
Conversion factor 

1 Crore = 10 millions 

1 Lakh = 100,000 
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Preface 
The goal of crafting a US$ 5 trillion economy by 2026-нт ǿƛƭƭ ǊŜǉǳƛǊŜ ǊŜƛƴǾŜƴǘƛƴƎ LƴŘƛŀƴ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴΦ LƴŘƛŀΩǎ 

aspiration to become a global economic powerhouse 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 (GoI) needs to strategically focus on building a next generation 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 its soft power 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 government to formulate 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 COVID-19 pandemic have emphasised the need to take 

immediate action. In recent years, the Government of India (GoI) has launched special initiatives like Production Linked 

LƴŎŜƴǘƛǾŜ όt[Lύ ǎŎƘŜƳŜǎ ǘƻ ǎƘƻǊŜ ǳǇ LƴŘƛŀΩǎ ƛƴŘǳǎǘǊƛŀƭ ŎŀǇŀōƛƭƛǘƛŜǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴ ƛƴ мп ƪŜȅ ǎŜŎǘƻǊǎΣ ǿhile 

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 advancing 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 institutions 

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, knowledge-based 

institutions, industry, 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 are crucial to formulating evidence-based 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 workforce, and on 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 effective allocation 

of resources to ensure that India ranks among the top three 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 incentives and institutions) so that the Indian automotive 

sector can achieve a competitive advantage. The development of a well-functioning SI works as a driver for long-term socio-

economic development.  

¢ƘŜ άLƴŘƛŀƴ !ǳǘƻƳƻǘƛǾŜ {ŜŎǘƻǊƛŀƭ {ȅǎǘŜƳ ƻŦ LƴƴƻǾŀǘƛƻƴ όL!{{Lύ wŜǇƻǊǘέ ƳŀǇǎ ŀƴŘ ŀƴŀƭȅǎŜǎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎΣ ǇƻǘŜƴǘƛŀƭΣ ŀƴŘ 

ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀǊƛǎƛƴƎ ŦǊƻƳ ǘƘŜ ƛƴƴƻǾŀǘƛƻƴ ǎȅǎǘŜƳΦ ¢ƘŜ ŀƴŀƭȅǎƛǎ ƛǎ ōŀǎŜŘ ƻƴ Řŀǘŀ ƎŀǘƘŜǊŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ άbŀǘƛƻƴŀƭ 

aŀƴǳŦŀŎǘǳǊƛƴƎ LƴƴƻǾŀǘƛƻƴ {ǳǊǾŜȅέ ŎƻƴŘǳŎǘŜŘ ōȅ ¦bL5h ƛƴ нлнм-22. The measurement through this survey enables the 

provision of evidence to guide policy. Hence, the IASSI Report is a source of policy insight for supporting the GoI to elaborate 

an evidence-based industrial policy that articulates the role of science, technology, and innovation throughout the economy. 

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

offer a range of evidence-based policy choices to facilitate policy decisions related to the role of sectorial system actors in 

ǘƘŜ ŘǊŀŦǘ άbŀǘƛƻƴŀƭ !ǳǘƻƳƻǘƛǾŜ tƻƭƛŎȅ нлмуέΦ ¢ƘŜ ƳŀƴŘŀǘŜ ƻŦ ¦bL5h ς as one of the specialised agencies of the United 

Nations system ς to provide its member states with capacity-building and policy advisory services is manifest in this report. 

¢ƘŜ ŎƘŀǇǘŜǊǎ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ŀǊŜ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ¦bL5hΩǎ ǎŜǊǾƛŎŜǎ ƛƴ ŎŀǇŀŎƛǘȅ-building, policy analysis, and empirical research on 

the Indian automotive sector. It aims to enhance the understanding of the role of the core actors and their interactions and 

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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This report, titled the άLƴŘƛŀƴ !ǳǘƻƳƻǘƛǾŜ {ŜŎǘƻǊƛŀƭ {ȅǎǘŜƳ 

of Innovation (IASSI) ς Measurement, Analysis, and Policy 

wŜŎƻƳƳŜƴŘŀǘƛƻƴǎέ ǎǳǊǾŜȅǎ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ƛƴƴƻǾŀǘƛǾŜƴŜǎǎ 

in the automotive sector in India and maps the functioning 

of innovation and the associated collaborative processes 

between innovation stakeholders. The survey and analysis 

ǿŜǊŜ ǳƴŘŜǊǘŀƪŜƴ ǿƛǘƘƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜ άbŀǘƛƻƴŀƭ 

Manufacturing Innovation Survey 2021-ннέ όbaL{ нлнмύΣ 

co-designed with and funded by the Department of Science 

and Technology, Government of India, (GoI).  

The report has been compiled for the GoI to inform 

innovation policy and improve innovation practices within 

the sector. Furthermore, it aims to facilitate coherent 

delivery of innovation policy and the establishment of a 

long-term policy monitoring and management capability 

for the sector. 

Although there are many significant challenges identified, 

the implications arising from the analyses, and the policy 

recommendations to address these implications provide an 

unprecedented menu of evidence-based development 

priorities and policy choices to address the challenges. The 

approach outlined in this report is comprehensive and 

holistic for mapping and measuring the Indian Automotive 

Sectorial System of Innovation (IASSI). It provides an 

accurate visualisation of the connectivity between the core 

actors of the IASSI, the significant barriers to innovation and 

innovativeness, and the relative success of current policies 

in overcoming these barriers. After all, it is not the number 

of assets India has when considering innovation and 

innovativeness, but rather how well and coherently they 

are connected and managed and if they are achieving 

innovative products and business processes and 

subsequent economic value.  

It is imperative that policymakers view the analysis, 

ƛƳǇƭƛŎŀǘƛƻƴǎΣ ŀƴŘ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƛƴ ƭƛƎƘǘ ƻŦ LƴŘƛŀΩǎ 

economic performance in an emerging economy and in the 

context of the COVID-19 pandemic, which hit all sectors 

across the globe. The analysis of the GoI policy documents, 

the mapping and measurement of the IASSI in terms of 

analysing linkages between (and within) actor groups, 

barriers to innovation; and the success of policy 

instruments disclose the significant key policy analysis 

findings, the major implications from the analysis, and the 

recommendations that stem from them. 

In the specific case of the automotive sector, our 

assessment is that the IASSI falls into the category of a 

Triple Helix (TH) Type II transitioning to Triple Helix Type III, 

as per the traditional framing of the TH model. TH-Type I 

can be considered to be statist, and the three spheres of the 

actors are strongly institutionally defined, however, work in 

isolation leading to the local technological knowledge also 

being kept isolated. 

TH Type II refers to mechanisms of communication 

between the actors that are strongly influenced by the 

market and technological innovations. In this case, the 

point of control is at the interfaces and consequently new 

codes of communication are developed. However, in TH-

¢ȅǇŜ LLLΣ ǘƘŜ ŀŎǘƻǊǎ ŀǎǎǳƳŜ ŜŀŎƘ ƻǘƘŜǊΩǎ ǊƻƭŜǎ ƛƴ ǘƘŜ 

institutional spheres as well as the performance of their 

traditional functions with the formation of a complex 

network of organizational ties, both formal and informal, 

among the overlapping spheres of operations. It could be 

said that the interactions between the actors of the system 

are more competitive rather than collaborative in nature.

 

FIGURE 1: Triple Helix types 

 

9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 
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Consequently, there is the need to foster linkages between 

crucial actors of the IASSI, particularly for the use and 

application of joint research, skills orientation and 

development, as well as access to finance.  

Based on this observation, the inter and intra interactions 

that need attention are: 

· Industry relations with KBIs in the form of 

Ψ{ŜŎƻƴŘƳŜƴǘǎΩ ŀƴŘ ΨwŜŎǊǳƛǘƳŜƴǘΩ ƴŜŜŘ ǘƻ ōŜ ōƻƭǎǘŜǊŜŘ 

to foster tacit exchange of knowledge.  

· Industry intra-linkages with other industry actors in 

ǘŜǊƳǎ ƻŦ ΨWƻƛƴǘ ǊŜǎŜŀǊŎƘΩ ƛǎ ƳƛǎǎƛƴƎ ŀƴŘ ƴŜŜŘǎ ǘƻ ōŜ 

promoted in order to reduce costs, minimise risk, 

promote knowledge and technology transfer and 

improve market access.  

· Intra-ƭƛƴƪŀƎŜǎ ōŜǘǿŜŜƴ Y.Lǎ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ΨWƻƛƴǘ 

ǊŜǎŜŀǊŎƘΩ ƴŜŜŘ ǘƻ ōŜ ǎǘǊŜƴƎǘƘŜƴŜŘ ŀǎ ǘƘŜȅ Ŏŀƴ ǊŜǎǳƭǘ ƛn 

the bolstering of direct support to industry. 

· Research collaborations between universities, and 

public and private research institutions require better 

management therefore generating firm-level benefits 

leading to innovative ideas and impulses and the 

provision of support for technological development. 

Secondly, the analysis highlights that relationships between 

actors in the IASSI are imbalanced in that there is an 

unequal level of exchange between two actors hindering 

the flow of knowledge and information crucial to the 

innovation process. This is mainly due to a suboptimal 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŜŀŎƘ ŀŎǘƻǊΩǎ ǊƻƭŜ ǿƛǘƘƛƴ ŀƴ ŜŦŦŜŎǘƛǾŜ 

system of innovation and the terms and conditions 

unfavourable to meaningful participation. Consequently, 

ΨLƴŘǳǎǘǊȅ пΦлΩΣ ΨtƻƭƛŎȅ CǳƴŎǘƛƻƴΩΣ ΨaŀǊƪŜǘΩ ŀƴŘ ΨIǳƳŀƴ 

/ŀǇƛǘŀƭΩ ŜƳŜǊƎŜ ŀǎ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ōŀǊǊƛŜǊǎ ǘƻ ƛƴƴƻǾŀǘƛƻƴ 

within the IASSI. 

CǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ΨLƴŘǳǎǘǊȅ пΦлΩΣ ǘƘŜ 

ŀǎǎƻŎƛŀǘŜŘ ǾŀǊƛŀōƭŜǎ ŀǊŜΥ Ψ[ŀŎƪ ƻŦ ŀŎŎŜǎǎ ǘƻ LпΦл 

ǘŜŎƘƴƻƭƻƎƛŜǎΩΣ Ψ[ŀŎƪ ƻŦ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ LпΦл 

ǘŜŎƘƴƻƭƻƎƛŜǎΩΣ Ψ/ƻǎǘ ƻŦ LпΦл ǘŜŎƘƴƻƭƻƎƛŜǎΩ ŀƴŘ Ψ[ŀŎƪ ƻŦ 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻǊ LпΦлΩΦ !ƭǘƘƻǳƎƘ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ŀ ƳŀǊƪŜŘ 

improvement since the COVID-19 pandemic a lack of 

understanding of the value, goals and needs of 4IR 

technologies still exists among many firms, at the T2 or T3 

and deeper into the components manufacturing value 

chain. Robust evaluation mechanisms and decision support 

tools can help manufacturing firms understand the impact 

of 4IR technologies and effectively implement them. A clear 

understanding of 4IR technologies, their benefits and 

impact can help firms develop an organization-wide 4IR 

strategy and set implementation targets. Educating the 

workforce on 4IR technologies and upskilling them is key to 

its effective implementation. 

With ǊŜǎǇŜŎǘ ǘƻ ΨtƻƭƛŎȅ CǳƴŎǘƛƻƴΩΣ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ 

ǾŀǊƛŀōƭŜǎ ŀǊŜ Ψ[ŀŎƪ ƻŦ ƭŜƎŀƭ ŦǊŀƳŜǿƻǊƪΩΣ Ψ[ŀŎƪ ƻŦ 

ŎƭŜŀǊ ƴŀǘƛƻƴŀƭ ƛƴƴƻǾŀǘƛƻƴ ǎǘǊŀǘŜƎȅΩΣ ΨwŜǎǘǊƛŎǘƛǾŜ 

ǇǳōƭƛŎκ ƎƻǾǘ ǊŜƎǳƭŀǘƛƻƴǎΩ ŀƴŘ Ψ[ŀŎƪ ƻŦ ŜȄǇƭƛŎƛǘ ǇƻƭƛŎȅ 

ǎǳǇǇƻǊǘΩΦ !ŎǘƻǊǎ ŦƛƴŘ ƛǘ ŎƻƳǇƭŜȄ ǘƻ ŀǇǇǊŜƘŜƴŘ ǇƻƭƛŎȅ 

direction and targets which in turn are extremely pertinent 

as goal posts for innovation activity and thus bringing 

innovation actors together to address shared research 

priorities. 

¢ƘŜ ΨaŀǊƪŜǘΩ ǎƘƻǿǎ ƛǘǎ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ŘǊƛǾƛƴƎ 

innovation through demanding customers and 

ƛƴƴƻǾŀǘƛǾŜ ŎǳǎǘƻƳŜǊǎΣ ŀǎ ǿŜƭƭ ŀǎ ŘƛǎǘƛƴŎǘ ΨǊǳƭŜǎ ƻŦ 

ǘƘŜ ƎŀƳŜΩΦ ¢ƘŜ ǾŀǊƛŀōƭŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘƛǎ ōŀǊǊƛŜǊ ŀǊŜ 

Ψ[ŀŎƪ ƻŦ ƛƴƴƻǾŀǘƛǾŜ ŎǳǎǘƻƳŜǊǎΩ ŀƴŘ Ψ[ŀŎƪ ƻŦ ŘŜƳŀƴŘƛƴƎ 

customers.  

ΨIǳƳŀƴ /ŀǇƛǘŀƭΩ ŀǎ ŀ ǇŜǊŎŜƛǾŜŘ ōŀǊǊƛŜǊ 

underscores the question of how firms can 

effectively identify, mobilise, and deploy skilled, 

talented, and entrepreneurial human resources who can 

conceptualise and deliver innovation activities. This is a 

crucial issue particularly with the paradigm shift caused by 

digital transformation and the 4IR. Consequently, the 

ŜƳŜǊƎŜƴǘ ǾŀǊƛŀōƭŜǎ ŀǊŜ ǘƘŜ Ψ[ŀŎƪ ƻŦ ǘŜŎƘƴƛŎŀƭƭȅ ǘǊŀƛƴŜŘ 

ƳŀƴǇƻǿŜǊΩ ŀƴŘ Ψvǳŀƭƛǘȅ ƻŦ ǘŜŎƘƴƛŎŀƭƭȅ ǘǊŀƛƴŜŘ ƳŀƴǇƻǿŜǊΩΦ 

Finally, with respect to policy success, policy instruments 

were analysed in terms of supply-side measures (services 

and financial) and demand-side measures. The study results 

indicate that in general policy instruments are successful, 

however the most unsuccessful policy instrument reported 

ōȅ ŀƭƭ ŀŎǘƻǊǎ ƛǎ Ψ9ȄǇƭƛŎƛǘ ŦƛǊƳ ƛƴƴƻǾŀǘƛƻƴ ǇƻƭƛŎȅ ǎǳǇǇƻǊǘΩΣ 

which is also reflective of the barriers previously reported 

under the policy function. This is reflective of the need to 

clearly articulate high-level goals and visions down to the 

level of industry, in particular T2 and T3 firms, with a 

reduction in the level of complexity. 

In addition, each actor has a specific view on effective or 

ineffective policy instruments, which needs to be 

considered when selecting a policy mix. Policy selection 

should not be an arbitrary process. It should be based on 

evidence and reflect the needs of the actors in the system 

ŀƴŘ ōŜ ƛƴ ƭƛƴŜ ǿƛǘƘ LƴŘƛŀΩǎ ƻǾŜǊŀƭƭ ǎǘǊŀǘŜƎƛŎ ƻǊƛŜƴǘŀǘƛƻƴΦ ¢ƘŜ 

major implications of the analysis outlined in the report are 

that there are very few externalities that emanate from the 

public goods of funding and support, and innovation inputs 

need to be better translated into innovation outputs. 

As a result of the non-existent nexus of the knowledgebase 

and industry, research institutions remain weak in their 

entrepreneurial outlook and industries in their innovation 

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 actors causes them to be relatively 

independent of the policy-making process, especially in 

terms of wielding influence in configuring and calibrating 

policy to exploit knowledge and intermediating the flows of 

technical know-how. The present public infrastructure 

needs to be strengthened to create a fabric of vibrant 

linkages that supports innovation. What is required is a 

widely accepted conducive environment in which 

organizational rigidities are overcome. 

The IASSI Report demonstrates the value of comprehensive 

survey and the critical importance of mapping and 

measurement to guide the discussion for evidence-based 

and collaborative policy making, execution, monitoring and 

impact evaluation. A periodic repeat of systematic mapping 

and measurement of the IASSI in 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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¢ƘŜ άbŀǘƛƻƴŀƭ aŀƴǳŦŀŎǘǳǊƛƴƎ LƴƴƻǾŀǘƛƻƴ {ǳǊǾŜȅ όbaL{ύ 

2021-ннέ ƛǎ ŀ Ŧƻƭƭƻǿ-up to the Department of Science and 

¢ŜŎƘƴƻƭƻƎȅΩǎ ό5{¢ύ όDƻLύ ŦƛǊǎǘ άbŀǘƛƻƴŀƭ LƴƴƻǾŀǘƛƻƴ {ǳǊǾŜȅέ 

held in 2011. The 2011 survey results showed that most of 

the innovations in Indian firms were in the form of 

introducing new machines, or improvements to existing 

products and processes (DST, 2014). The study found these 

firms at par or ahead of their competitors regarding 

improved ranges of products (better quality and standards), 

besides improving production capacity and reducing 

environmental impacts. Such firms were largely privately 

owned small companies and relied on domestic financial 

institutions. While these innovative firms struggled with 

cost factor and availability of skilled manpower, more than 

50% did not employ scientists or engineers but reported 

that access to knowledge and information was a critical 

barrier. 

The decade that followed the 2011 National Innovation 

Survey saw the launch of key policy initiatives, especially 

ǘƘŜ άaŀƪŜ ƛƴ LƴŘƛŀέΣ ά{ǘŀǊǘǳǇ LƴŘƛŀέ ŀƴŘ ǘƘŜ ά!ŀǘƳŀƴƛǊōƘŀǊ 

.ƘŀǊŀǘ !ōƘƛȅŀƴέΣ ŀƳƻƴƎ ƻǘƘŜǊǎΣ ǇƻǎƛǘƛƻƴŜŘ ǘƻ ǎǘǊŜƴƎǘƘŜƴ 

ŀƴŘ ōƻƻǎǘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƳŀƴǳŦacturing sector outputs 

where innovation and entrepreneurship programmes were 

prioritised. The scope of indigenous innovations and 

innovation ecosystems thus received greater impetus in 

this period. In 2019 the DST followed up with the planning 

of the second nationwide innovation survey and partnered 

with the United Nations Industrial Development 

Organization (UNIDO), with greater attention to 

manufacturing and associated services spread across large, 

medium, small and micro enterprises. It emphasised the 

role and separately studied the impact of this ecosystem 

and its actors on innovations in specific sectors.  

1.1 The National Manufacturing 

Innovation Survey 2021-22 

The National Manufacturing Innovation Survey (NMIS) 

2021-22 was designed as a 2-pronged survey where the 

DST-UNIDO collaboration adopted a 360-degree approach 

to measuring innovation performance at the level of 

manufacturing firms, and assessing innovation processes, 

its barriers and support measures at the ecosystem level of 

industrial sectors. To this end, the survey was designed with 

two specific components ς the Firm-Level Survey and the 

Sectorial System of Innovation (SSI) Survey.  

The objective of the Firm-Level Survey was to capture 

insights regarding activities impacting innovations in a firm, 

across a broad spectrum of product and business process 

innovations and understand the various factors enabling 

and/or limiting innovation activities. On the other hand, the 

SSI Survey aimed to measure the innovation system 

available to specific industrial sectors to examine how 

manufacturing firms accessed information, knowledge, 

technologies, practices, and human and financial resources, 

and what linkages connect the innovating firm to other 

actors in the innovation system (laboratories, universities, 

policy departments, regulators, competitors, suppliers, and 

customers). Thus, with an overarching scope to strengthen, 

ƛƳǇǊƻǾŜ ŀƴŘ ŘƛǾŜǊǎƛŦȅ LƴŘƛŀΩǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǿƛǘƘ ǘŀǊƎŜǘŜŘ 

and evidence-based innovation policy, the NMIS 2021-22 

Survey was launched in February 2021.

TABLE 1: Overview of Firm-level survey and SSI survey 
 

The Firm-Level Survey assessed the following: 

(Broad overview) 

The SSI Survey assessed the following: 

(Broad overview) 

· Types of innovations in manufacturing firms  

· Product innovation 

· Business process innovations in (e.g., operation, 

product/business process development, marketing & 

sales, procurement, distribution & logistics, 

administration, and management) 

· Innovation activities 

· Sources of information, collaborations, resources  

· Factors hampering innovation activities. 

· Impacts of digitalisation, infrastructure, IP  

· Impact of COVID-19 pandemic 

· Innovation actors (firms and non-firm actors) for their networks 

(density, distribution, directionality, symmetry of intra- and 

inter-linkages of actors)  

· The role and impact of actors and institutions on innovation 

activities in firms 

· Impact of policy instruments (fiscal, monetary, regulatory, 

standards and others)  

· Barriers to innovation 

tǊƻƧŜŎǘ /ƻƴǘŜȄǘ 
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With a stratified random sample representing micro, small, 

medium and large manufacturing companies, the Firm-

Level Survey targeted 10,139 firms across 58 manufacturing 

sectors (as per the national industrial classification 20081) 

across the 36 states and union territories in the country. 

The SSI Survey targeted the innovation systems of 5 key 

manufacturing sectors critical to the Indian economy, 

prioritised by their gross value-added (GVA) and their 

presence across the country, impacting state-level and 

national policies and strategies. These 5 sectors are: Food 

and Beverages, Textiles and Apparel, Automotive, 

Pharmaceuticals, and Information and Communication 

Technologies (ICT). A stratified random sample close to 

7,851 firms and 1,000 non-firm actors were targeted under 

the SSI Survey across India. The outcomes of the Firm-Level 

Survey are separately reported, while this report features 

the SSI Survey objectives and findings.  

1.2 Significance of the Sectoral 

Systems of Innovation Survey 

The SSI Survey postulates that for a firm to be effective in 

the innovation process, a conducive environment that 

consists of an effective support infrastructure of actors is 

critical. Connectivity between them that is fluid and 

dynamic will be pivotal in aiding access to the requisite, 

knowledge, skills, and resources. Hence, the survey aimed 

to map the innovation capability of manufacturing firms to 

such actors and institutions of sector-specific systems of 

innovation and also regional systems of innovation, and 

national systems of innovations. To this end, the 

interactions (or linkages) and the density of these linkages 

to various ecosystem actors were studied to achieve a clear 

understanding of these relationships in empirical terms to 

assess the flow of communications and information and 

assets between knowledge-based institutions, research and 

development agencies, industry bodies, government 

agencies, financial institutions, startup incubators, 

institutions supporting technical change, and arbitrageurs.  

The survey particularly took cognisance of the innovation 

and manufacturing mandate of NITI Aayog, the apex policy 

advisory body to the GoI2. In its strategic recommendation 

ŦƻǊ ƛƳǇǊƻǾƛƴƎ LƴŘƛŀΩǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǎŜŎǘƻǊ ƻǳǘŎƻƳŜǎΣ bL¢L 

Aayog strongly recommended the need for promoting 

latest technology advancements and predicted a defining 

role for Industry 4.0 intervention in shaping the sector and 

½½½½½½½½½½½½½½½½½½ 
1  National Industrial Classification (NIC) 2008 is an essential statistical standard for developing and maintaining a comparable database according to economic 
activities: https://www.ncs.gov.in/Documents/NIC_Sector.pdf  
2  About NITI Aayog: https://www.niti.gov.in/objectives-and-features  
3  Science & Technology Entrepreneurship Park (STEP): https://www.nstedb.com/institutional/step.htm  
4  The Startup India initiative (under DPIIT) was launched to improve the innovation ecosystem and handhold, fund and incentivise startups and improve 
industry-academia partnerships through incubation services: https://www.startupindia.gov.in/content/dam/invest-
india/Templates/public/Action%20Plan.pdf  

achieving an ambitious double-digit growth (NITI Aayog, 

2018). Further, the agency has also been assessing the 

ƴŀǘƛƻƴΩǎ ǇǊƛƻǊƛǘƛŜǎ ŀƴŘ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ŎƻƴǎƻƭƛŘŀǘƛƴƎ ŀƴŘ 

strengthening science and technology (S&T) initiatives to 

amplify technology development and commercialisation. 

Since the 1990s, the Government of India has deployed 

technology incubators as an important policy tool for S&T 

entrepreneurship (Surana et al., 2018). The DST has been at 

the forefront of designing and establishing science and 

technology entrepreneurship parks, incubation systems, 

and technology business incubators to build close linkages 

between universities, academia, R&D institutions and the 

industry, including MSMEs, and also to generate 

employment3. These initiatives led to strong technology-

based entrepreneurship and startups in the country, and 

set motion to various policy frameworks and initiatives, 

such that most incubation programmes in the country 

today leverage support offered under various ministries, 

who also have a manufacturing stake. The public sector 

enterprise model for biotechnology-based startups by the 

Department for Biotechnology (DBT) has been highly 

successful in converting research into products and 

attracting investments and has impacted the pharma and 

life-sciences landscape in the country. Similarly, for 

strengthening IT and digital startup linkages with markets, 

the Ministry of Electronics and Information Technology 

(MeitY) has been offering risk capital and low-cost loans. 

With their broader mandate, the Ministry of MSME and the 

Department for Promotion of Industry and Internal Trade 

(DPIIT) have designed and implemented several startup 

programmes, and importantly brought SME collaborations 

to sector-specific incubators, thus offering a stronger 

market access to entrepreneurs.  

LƴŘƛŀΩǎ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŀƎŜƴŘŀ ǘƻƻƪ ŀ ǎǘǊƻƴƎ 

leap over the last decade when the Government of India 

launched a series of high-powered initiatives to amplify and 

catalyse the pace of innovation and entrepreneurship with 

ƎǊŜŀǘŜǊ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ ǎǘŀǊǘǳǇ ŜŎƻǎȅǎǘŜƳΦ ¢ƘŜ ά{ǘŀǊǘǳǇ 

LƴŘƛŀέ Ƴƛǎǎƛƻƴ ǿŀǎ Ǉǳǘ ƛƴ ǇƭŀŎŜ ǘƻ ǘŀŎƪƭŜ ǘƘŜ ŎƻƳǇƭŜȄΣ 

lengthy regulatory processes for startups and introduced 

tax incentives and high-risk funding to startups4Φ ¢ƘŜ ά!ǘŀƭ 

LƴƴƻǾŀǘƛƻƴ aƛǎǎƛƻƴέ ōǊƻǳƎƘǘ ǎŜŎǘƻǊ-specific attention to 

the startup agenda for innovation and entrepreneurship 

incubation infrastructure across the country and widened 

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
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its scope to schools and other academic institutes5. Further, 

ǘƘŜ άLƴǾŜǎǘ LƴŘƛŀέ ǇǊƻƎǊŀƳƳŜ ǿŀǎ ƭŀǳƴŎƘŜŘ ǘƻ ŎŀǘŀƭȅǎŜ 

investments in manufacturing, technologies, incentivising 

innovations and other areas of trade and commerce6. The 

increased access to risk capital in technologies in this period 

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

VC investments in India pegged at US$ 38.5 billion in 2021 

and have positioned India as the third largest startup 

ecosystem in the world7.  

The SSI Survey was positioned to examine how such policy 

and institutional arrangements (innovation/incubation 

programmes established in various technology and higher 

education institutes) across the country have impacted the 

collaboration of firms with academia, startups and 

investors for commercialising innovations, thereby 

addressing various transaction-related problems endemic 

to lab-to-market journeys. Studies show that traditional 

R&D institutions in the country, however, continue to 

ǇǊƛƻǊƛǘƛǎŜ άōƭǳŜπǎƪȅ ǊŜǎŜŀǊŎƘέ ƻǾŜǊ άŀǇǇƭƛŎŀǘƛƻƴπƻǊƛŜƴǘŜŘ 

ǊŜǎŜŀǊŎƘέ ŀƴŘ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǎŜǾŜǊŀƭ ǊŜŎŜƴǘ ǎǘǳŘƛŜǎ 

ƘŀǾŜ ōǊƻǳƎƘǘ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŦŀŎŜŘ ōȅ LƴŘƛŀΩǎ 

public-funded labs in commercialising their research 

outputs. While technology interventions have a direct 

impact on productivity, accessing capital in manufacturing 

ǘŜŎƘƴƻƭƻƎȅπōŀǎŜŘ ǇǊƻƧŜŎǘǎ ŎƻƴǘƛƴǳŜǎ ǘƻ ōŜ ŀ ŎƘŀƭƭŜƴƎŜΣ 

owing to the longer gestation period before they yield 

returns. As Nandagopal et al., (2013) point out, Indian firms 

continue to be traditionally risk-averse, and are inclined to 

ƛƴǾŜǎǘ ƛƴ ƴƻƴπǘŜŎƘƴƻƭƻƎȅπōŀǎŜŘ ǎŜŎǘƻǊǎ ƭƛƪŜ ǊŜǘŀƛƭΣ ōŀƴƪƛƴƎΣ 

infrastructure, entertainment, among others. The SSI 

Survey made crucial inclusion of the role of arbitrageurs, 

such as the venture capitalists and knowledge brokers, as 

these actors have increasingly been decisive in the 

innovation process in bringing internal and external 

knowledge and high-risk investments that result in new 

business models and new types of companies.  

1.3 Relevance of the 5 

Manufacturing Sectors prioritised by 

the SSI Survey 

With the goal of significantly increasing the manufacturing 

sector contribution to the GDP from 16.5%, the άMake in 

Indiaέ mission is a major policy initiative launched in 2014 

½½½½½½½½½½½½½½½½½½ 
5  The Atal Innovaiton Mission driven by NITI Aayog established numerous innovation and entrepreneurship centres in schools, universities, research 
institutions, private and MSME sectors: https://www.aim.gov.in/overview.php  
6  Invest India: Investment Promotion and Facilitation Agency. 
7  Economic Survey: India becomes third-largest startup ecosystem in the world. Mint: https://www.livemint.com  
8  The Make in India Mission: https://www.pib.gov.in/PressReleasePage.aspx?PRID=1738170  
9  Textile Industry in India - Garment & Apparels Market in India: http://www.investindia.gov.in/sector/textiles-apparel 
10  India should continue investing in modern, efficient spinning technology to remain globally competitive: https://www.indiantextilemagazine.in/india-
should-continue-investing-in-modern-efficient-spinning-technology-to-remain-globally-competitive/ 
11  India has become pharmacy of the world: https://www.moneycontrol.com/news/india/india-recognised-as-pharmacy-of-the-world-fm-9759651.html 

aimed to make India a high-tech manufacturing hub8. The 

mission now targets 27 manufacturing sectors that have 

key significance to the economy and the 5 manufacturing 

sectors identified for the SSI Survey have significant priority 

in the Make in India mission. 

LƴŘƛŀΩǎ ŦƻƻŘ ǇǊƻŎŜǎǎƛƴƎ ƛǎ Ǝƭƻōally one of the largest, with a 

significant number of registered factories across the 

country attributing to the direct employment of 1.9 million 

people, with 8.9% MVA (food and beverage along with 

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

aƴŘ ŜȄǇƻǊǘŜǊ ƻŦ ŀƎǊƛŎǳƭǘǳǊŜ ǇǊƻŘǳŎǘǎΣ LƴŘƛŀΩǎ ŜȄǇƻǊǘ 

processed food is less than 10% owing to critical 

impediments across supply chain infrastructure, production 

and processing, inefficient capacity utilisation, quality and 

safety challenges, and slow product and technology 

interventions (RBI, 2020). Similarly, the other large sector in 

the survey, the textiles and apparel sector, has a prominent 

manufacturing presence in many states and provides direct 

employment to more than 45 million people and 

contributes close to 7% of MVA9. In 2021-22 the Indian 

textiles and apparel industry was valued at US$ 152 billion 

and accounted for a 4% share of the global textile markets. 

Yet the highly fragmented sector is also labour and raw 

material intensive and is mired with productivity challenges 

that tend to undermine value chains and their backward 

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

spindles and 842,000 rotors deployed by textile mills are 

found to be outdated or inefficient10.  

The SSI Survey aimed to also gather learnings from actor 

collaborations, institutional best practices, challenges, 

technology leapfrogging trajectories and other aspects of 

systems of innovation in three high performing sectors, 

such as the automotive, pharmaceutical and ICT sectors. 

With a 20.1% contribution to the manufacturing GDP, the 

automotive sector is a top driver of macroeconomic growth 

and technological development in the country (UNIDO IAP, 

2023). With robust performances, the ICT and 

pharmaceutical sectors are the ǿƻǊƭŘΩǎ ƪŜȅ ǇƭŀȅŜǊǎΦ LƴŘƛŀΩǎ 

pharmaceutical sector is the third largest in volume, driven 

by export markets and the expansion of Indian healthcare 

that has resulted in innovative products, processes and 

services, thereby positioning India as the pharmacy of the 

world11.  

https://www.aim.gov.in/overview.php
Economic%20Survey:%20India%20becomes%20third-largest%20startup%20ecosystem%20in%20the%20world.%20Mint:%20https:/www.livemint.com
https://www.pib.gov.in/PressReleasePage.aspx?PRID=1738170
http://www.investindia.gov.in/sector/textiles-apparel
https://www.indiantextilemagazine.in/india-should-continue-investing-in-modern-efficient-spinning-technology-to-remain-globally-competitive/
https://www.indiantextilemagazine.in/india-should-continue-investing-in-modern-efficient-spinning-technology-to-remain-globally-competitive/
https://www.moneycontrol.com/news/india/india-recognised-as-pharmacy-of-the-world-fm-9759651.html
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1.4 SSI Survey to Strengthen 

Manufacturing Innovation as a GoI 

Policy Imperative 

The Make in India ambitions were further boosted in 2020-

21 with the launch of the Production Linked Incentive (PLI) 

scheme across 14 key manufacturing sectors, to incentivise 

import substitution by domestic production in strategic 

growth sectors12. Invariably, the domestic manufacturing 

ecosystem and supply chains are critical to the success of 

the PLI scheme. Similarly, the άGati Shaktiέ programme was 

launched in 2021 to improve infrastructure and 

connectivity for faster and more efficient movement of 

goods and services, and impact manufacturing and business 

operations at large13. Besides technological leapfrogging, 

world-class innovation capabilities, skills and investments, 

ǘƘŜ DƻǾŜǊƴƳŜƴǘ ƻŦ LƴŘƛŀΩǎ ŜŦŦƻǊǘǎ ƛƴ ƛƳǇǊƻǾƛƴƎ ǘƘŜ 

investment environment has been critical. The country saw 

FDI inflow catch great momentum between 2014-22 and by 

2019 India was recognised as one of the most attractive 

emerging markets for investments14. However, the FDI 

share in Indian industries seems to continue to largely 

benefit non-manufacturing sectors such as software 

businesses. Nevertheless, the hardware, pharma-biotech 

and electrical equipment sectors, among others, with 

strong product sophistication and better production 

capabilities, attract strong foreign direct investment (FDI) 

inflow, especially with their digital capabilities in 

manufacturing and product offerings15. The global shifts in 

advanced digital manufacturing with self-correcting 

intelligence has been a game changer since the pandemic 

and has reflected in investment interests as well.  

The SSI Survey has attempted to capture the dynamics of 

communication, stocks and flows of knowledge and 

organization by introducing the notion of an intersection of 

exchange relations that feed back into institutional 

arrangements. The aim has been to understand how co-

evolution between the layers of institutional arrangements 

and evolutionary functions can be conceptualised, in 

relation to the division of innovative labour among both 

institutions and functions. This is particularly important 

when crafting policy for the effective use of resources. 

Thus, by generating evidence of the barriers and challenges 

to technological learning, innovation and development, and 

technological up-gradation of Indian industries the survey 

findings shall be used for devising policies, programmes, 

and partnerships to strengthen innovation outcomes and 

benefits.  

The project was supported by the UNIDO Facility for 

International Cooperation for Inclusive & Sustainable 

Industrial Development (FIC-ISID), a joint initiative of the 

DPIIT and UNIDO, with the aim to catalyse inclusivity and 

sustainability in manufacturing industry development. Five 

major business membership organizations, respectively the 

India SME Forum (ISF), the Federation of Telangana 

Chambers of Commerce and Industry (FTCCI), the 

Federation of Andhra Pradesh Chambers of Commerce and 

Industry (FAPCCI), the Madras Chamber of Commerce and 

Industry (MCCI), and the PHD Chamber of Commerce and 

Industry (PHDCCI) were key partners in data-collection 

ŀŎǊƻǎǎ LƴŘƛŀΩǎ ну ǎǘŀǘŜǎ ŀƴŘ у ǳƴƛƻƴ ǘŜǊǊƛǘƻǊƛŜǎΦ ¢ƘŜ ǎǳǊǾŜȅ 

completed the data collection in early May 2022.

 

½½½½½½½½½½½½½½½½½½ 
12  The PLI Scheme: https://www.investindia.gov.in/production-linked-incentives-schemes-india 
13  Gati Shakti: https://dpiit.gov.in/logistics-division  
14  Emerging Markets Private Equity Association 2019 Survey: https://www.globalprivatecapital.org/app/uploads/2019/05/2019-lp-survey-final-web.pdf  
15  FDI in India 2021: https://www.makeinindia.com/policy/foreign-direct-investment 
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Innovation is increasingly viewed as the salient ingredient 

in the sustainable growth of the modern economy. An 

economy must continuously absorb new knowledge and 

develop new skills and capabilities to avoid erosion of 

competitiveness and facilitate economic growth and 

diversification. Historically, countries that fostered 

innovation by developing interconnected innovation 

systems have proven to be more capable of generating new 

knowledge and translating it into business opportunities 

and thus wealth creation (Freeman, 1987; Nelson and 

Rosenberg, 1993; Lundvall, 1992, 2016; Chaminade et al., 

2018). An innovation system refers to a set of institutions 

that contribute to the development, diffusion and 

application of scientific and technological knowledge (Dosi, 

1988). Studies have shown that well-functioning innovation 

systems are essential to catch up with advanced economies 

(Kim, 1992, 1997; Kim and Nelson, 2000; Fagerberg and 

Srholec, 2008; Malerba and Nelson, 2013; Fagerberg et al., 

2017; Shekar, K. C., & Joseph, K. J., 2022). 

Innovation systems are framed at different scales, including 

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 

actors. These networks will evolve based on the behaviour 

and routine among the actors and their organizational 

context (Hall, Mytelka, and Oyeyinka 1997; Jacob 2016). 

However, knowledge and learning remain the central 

points to the networks (Moschitz et al., 2015). The 

establishment of such networks for building a system 

involves breaking barriers and reconstructing channels for 

knowledge flow. This is done by setting interactive 

processes, sharing best practices and learning from prior 

experience, while overcoming failures and filling gaps. The 

form and the performance of learning approaches may vary 

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 establishing a 

framework that allows interactions among the different 

groups and contributes to the use of knowledge for the 

collective/mutual interest of the actors. 

Since innovation is a collective action that involves a 

multitude of actors who co-operate and compete in 

networks and who are stimulated and constrained by 

institutional settings in different sectors, we use the 

ŎƻƴŎŜǇǘ ƻŦ Ψ{ŜŎǘƻǊƛŀƭ LƴƴƻǾŀǘƛƻƴ {ȅǎǘŜƳǎΩΦ ¢ƘŜ ǊŀǘƛƻƴŀƭŜ ŦƻǊ 

using this framework can be further justified on the ground 

that it encompasses all the relevant aspects that might 

possibly influence innovation and economic growth and is 

suitable to analyse the inter-related character of innovation 

processes. In this backdrop, this chapter presents the 

theoretical underpinnings for the approach used in 

mapping and measuring the Indian Textiles and Apparel 

Sectorial System of Innovation (ITASSI). It introduces the 

concept of the Sectorial System of Innovation (SSI), as well 

as reviews the elements that constitute its early 

conceptualisation, through a review of the evolution of 

seminal literature. Based on this, the chapter outlines the 

traditional Triple Helix Model of government-university-

industry (Etzkowitz and Leydesdorff, 2000) interactions as 

well as its extension. 

2.1 Underpinning Theoretical 

Framework 

The Organization and 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 different dimensions. Whereas the 

consideration of innovation as a process that engages a 

chain of activities that can lead to different types of 

innovations that then have diverse socio-economic impacts 

is more prevalent today. An innovation system considers 

innovation as a process and considers how the actors 

interact among themselves to undertake innovation 

activities. They consider the inputs to innovations and the 

channels leading to the expected outputs. This does not 

mean the use of the linear model of input-output that has 

been used for some time as a way of linking science to 

innovation. Rather, it considers the complexity of the 

processes and the interactions among actors involving 

learning activities and the use and transfer of knowledge 

(Etzkowitz and 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 Fikkert; 1996; Kartak, 1985; 

Kumar and Siddharthan, 2013; Shekar, K. C., & Paily, G., 

2019). For instance, Basant and Fikkert, (1996) examines 

the effects of domestic and foreign technology purchases 

as well as R&D activities in enhancing the productivity of 

firms in India. The study shows that between 1974-75 and 

¢ƘŜƻǊŜǘƛŎŀƭ CǊŀƳŜǿƻǊƪ 
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1981-82, domestic and international R&D spillovers and 

foreign technology purchases are highly statistically 

significant as compared to own R&D expenditures. Even 

though technological strategies greatly contribute to the 

productivity growth of Indian enterprises it is not directly 

reflected in export performance, which is also considered 

as an important indicator of a firm becoming more 

innovative (Lall and Kumar, 1981). It is highly evident in high 

technology sectors rather than medium and low technology 

sectors (Kumar and Siddharthan, 1994). A sector-specific 

study conducted by Bhaduri and Ray (2004) examines the 

technological capability of exporting firms in the electrical 

and electronic equipment industry. Firms in this industry 

mainly depend on know-how rather than know-why 

capabilities. In addition to these approaches, innovation 

systems research focuses on interactive learning, 

interdependence and non-linearity wherein institutions 

play the central role (Joseph, K. J, 2009; Shekar, K. C., & 

Joseph, K. J., 2022). The innovation system perspective has 

become a widely used analytical tool for academic 

research, policy formulation and implementation which 

aim at effective relationships among the agents and 

increase the innovation efficiency (Dosi et al., 2006). 

Therefore, the innovation system, which has by now 

emerged as the most popular approach in innovation 

studies, involves a more holistic framework to study the 

inter-related character of innovation processes as it focuses 

on the interdependencies among the various agents, 

organizations and institutions while underlining the need 

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

Nelson, 1993; Edquist, 1997; Shekar, K. C., & Joseph, K. J., 

2022). 

Since the late 1980s, innovation system concepts have been 

developed and presented primarily by innovation 

researchers as a response to the shortcomings of 

neoclassical attempts to explain innovation and 

technological progress (Edquist, 1997). According to 

/ƘǊƛǎǘƻǇƘŜǊ CǊŜŜƳŀƴΣ άΧǎȅǎǘŜƳǎ ƻŦ ƛƴƴƻǾŀǘƛƻƴ ŀǊŜ 

networks of institutions, public or private, whose activities 

and interactions initiate, import, modify, and diffuse new 

ǘŜŎƘƴƻƭƻƎƛŜǎέ όCǊŜŜƳŀƴΣ мфутύΦ ¢ƘŜ ƛƴƴƻǾŀǘƛƻƴ ǎȅǎǘŜƳΣ 

with a focus on technology and information flows between 

people, businesses, and institutions, and was created as a 

tool to understand the innovation process (Lundvall, 1985). 

Innovation systems help identify how to stimulate 

innovation and what inhibits its development and have 

become a viable method for researchers and policymakers 

to study the innovation process, especially in emerging and 

developing economies (Weber and Truffer, 2017; Shekar, K. 

C., & Joseph, K. J., 2022). 

Different types of innovation systems have emerged since 

the identification of the concept of innovation systems such 

as the National Innovation System (NIS) (Lundvall, 1992; 

Freeman, 1987; Edquist, 1997; Lundvall, 2007; Nelson, 

1993), Regional Innovation System (RIS) (Saxenian 1994; 

Cooke & Uranga, 1997), Sectoral System of Innovation (SSI) 

(Malerba, 2002; Breschi and Malerba, 1997) and 

technological systems (e.g., Carlsson and Stankiewicz, 

1991), also known as a technological innovation system 

(Bergek et al., 2008; Hekkert et al., 2007). The NIS as the 

common analytical framework for innovation to economic 

growth. This considers a country as a unit of analysis. It 

provides the macro indicators in regard to interactions 

among actors, organization structures, institutions and 

learning processes as well as the facilitation. It considers 

interactions among actors as key for innovations. Actors 

Ŏŀƴ ōŜ ŦƛǊƳǎΩ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ŀƴŘ ƴƻƴ-ŦƛǊƳǎΩ ƻǊƎŀƴƛȊŀǘƛƻƴǎ 

(universities, R&D organizations) (Chaminade et al., 2018; 

Shekar, K. C., & Paily, G., 2019). The categories of 

organizations may generally be grouped as knowledge 

producers and knowledge users. Whereas the system is 

based on these categories and the interactions among 

them, institutions are very important in the innovation 

systems. In this context, institutions are considered as a set 

of routines, behaviour, regulatory tools, and policies 

(Edquist, 2005; Freeman, 1995). The set of organizations, 

institutions, knowledge, interactions, and learning make up 

an innovation system and this system can be analysed at a 

lower level as a sectorial innovation system. Types of 

activities, actors, and products; and how these are 

interconnected determines the sector. 

Geographical factors define national and regional 

innovation systems, whereas sectorial and technological 

innovation systems are defined by the knowledgebase that 

supports a particular sector or technology (Carlsson, 2016). 

In the sectoral system of innovation, innovative activities 

within a particular sector, a set of new and established 

products and the set of agents involved in the creation, 

production and sale of those products are examined. SSI 

surpasses specific technological and geographical 

boundaries, with sectors being positioned sometimes in 

small regional clusters, yet sometimes covering global 

networks, as, for example, within multinational 

corporations (Stenzel, 2007). 

In 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 emphasises the 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 

and methodological specifics vary, these more recent 

innovation systems emphasise the role of multiple agencies 
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and distributed learning mechanisms in technological 

change. Rather than all-powerful firms or unidirectional 

knowledge flows, the focus is on inter-organizational 

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 university-industry 

interactions that facilitate innovation development. Joseph 

and Vinoj (2009) provide empirical evidence that in spite of 

the low level of university-industry interactions in the 

country, firms that collaborate with universities achieve a 

high level of innovative activities. 

In particular, the role of institutions at all levels in 

ŜǎǘŀōƭƛǎƘƛƴƎ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ άǊǳƭŜǎ ƻŦ ǘƘŜ ƎŀƳŜέ ƛǎ ŀ 

central theme since institutions may constrain choices, 

driving innovation along certain - possibly suboptimal - 

paths while often throwing up barriers to more radical 

change (Foxon, 2003). The importance of feedback 

between different parts of the system ς both positive and 

negative - is also emphasised, as are the links between 

technological and institutional change. A well-functioning 

system vastly improves the chances for a technology to be 

developed and diffused (Negro et al., 2008; Shekar, K. C., & 

Paily, G., 2019; Shekar, K. C., & Joseph, K. J., 2022). 

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 

The notion of 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 product 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) 

ŘŜŦƛƴŜǎ {{L ŀǎ ŀ άǎŜǘ ƻŦ ǇǊƻŘǳŎǘǎ ŀƴŘ ǘƘŜ ǎŜǘ ƻŦ ŀƎŜƴǘǎ 

carrying out market and non-market interactions for the 

ŎǊŜŀǘƛƻƴΣ ǇǊƻŘǳŎǘƛƻƴΣ ŀƴŘ ǎŀƭŜ ƻŦ ǘƘƻǎŜ ǇǊƻŘǳŎǘǎέΦ {{L 

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; 

b) actors and networks; and c) institutions (Malerba and 

Adams, 2019). 

a. Knowledge and technological domains. A sector is 

characterised by a specific knowledgebase 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 firms through 

the capabilities which they have accumulated over 

time (Cohen and Levinthal, 1990). Knowledge - 

especially technological knowledge- involves varying 

degrees of specificity, tacitness, complexity, 

complementarity, and independence (Winter 1987; 

Cowan, David, Foray 2000; Dosi and Nelson, 2010). 

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 boundaries. 

b. Institutions. The cognitive frameworks, actions and 

interactions of agents are influenced by institutions, 

which include norms, common habits, established 

practices, rules, laws, and standards. Institutions may 

be binding and more or less formal (such as patent 

laws or specific regulations versus traditions and 

conventions). Many institutions have national 

dimensions (such as patent laws or regulations 

concerning the environment), while others are specific 

to sectors (such as standards) and may cut across 

national boundaries (such as international conventions 

or established practices). 

c. Actors and networks. A sector is composed of 

heterogeneous agents that include firms (e.g., 

innovating and producing firms, suppliers and users), 

non-firm organizations (e.g., 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, objectives and behaviour. They 

interact through processes of communication, 

exchange, competition, control, and cooperation. 

Thus, in a sectorial systems framework, innovation is a 

process that involves systematic interactions among a 

wide variety of actors for the generation and exchange 

of knowledge relevant to innovation and its 

commercialisation. Actors are individuals and/or 

ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǘƘŀǘ άƛƴǘŜǊŀŎǘ ǘƘǊƻǳƎƘ ǇǊƻŎŜǎǎŜǎ ƻŦ 

communication, exchange, cooperation, competition, 

and governance, and various institutions shape their 
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interactions (norms, common habits, established 

ǇǊŀŎǘƛŎŜǎΣ ǊǳƭŜǎΣ ƭŀǿǎΣ ǎǘŀƴŘŀǊŘǎΣ ŜǘŎΦύέ όaŀƭŜǊōŀΣ 

2002). Under this framework, many actors generate, 

and exchange knowledge related to innovation and its 

commercialisation. The sectorial innovation system 

undergoes changes and transformations through a co-

evolution of its various elements (Nevzorova, 2021). 

There are several limitations of the SSI approach. Firstly, 

interactions between various agents in the SSI are shaped 

by institutions at both sectoral and national levels. 

Therefore, delineating between national and sectoral 

boundaries is not easy. Furthermore, distinguishing the 

characteristics of these institutions (norms, routines, 

common habits, established practices, rules, laws, 

standards) at both levels is a challenge. Second, SSIs are 

also influenced by institutions at a global level. In some 

cases, the relevant geographical boundaries are global as 

well as sectoral and in such cases it is not easy to distinguish 

the boundary between them. Thirdly, the relationship 

between national institutions and sectoral systems could 

differ. That is, the same institution may play different roles 

in different countries, and thus may affect the same 

sectoral system differently in different countries. Finally, 

the nature of relationships and networks differ across 

sectoral systems and therefore it can be difficult and 

complex to compare them to each other (Baskaran, and 

Muchie, 2019). 

No withstanding this, each of these components of a 

sectorial system has its own characteristics and its own set 

of dynamics which are important to disentangle to 

understand how innovation takes place. But each of these 

elements is also part of a broader system in which the 

interaction among the parts drives innovation and change. 

Sectorial systems studies also expanded to the analysis of 

emerging and developing countries, as in Malerba and Mani 

(2009), Malerba and Nelson (2011), Luz and Salles-Filho 

(2011) and Muchie and Baskaran (2017), in which the cases 

of several sectorial systems in Asia, Latin America and Africa 

are examined. More recently catch-up 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 catching-up countries and incumbent countries (see in 

this respect Giachetti and Marchi 2017, Morrison and 

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

The sectorial systems framework has also been adopted to 

ŜȄŀƳƛƴŜ /ƘƛƴŀΩǎ ŎŀǘŎƘƛƴƎ-ǳǇ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ άƎǊŜŜƴ ǎŜŎǘƻǊǎέ 

(Lema et al., 2020), such as solar photovoltaics (Binz et al., 

2020), wind energy (Dai et al., 2020), biomass (Hansen & 

Hansen, 2020), and hydro energy (Zhou et al., 2020). In 

these sectors, the windows of opportunity for latecomers 

are primarily driven by institutional changes that favour 

clean and renewable energy and by demand conditions 

(Lema et al., 2020). 

The existing literature (e.g., Bhagavan, 1985; Desai, 1985; 

tǊŀƳŜǎǿŀǊŀƴΣ нллпύ ƻƴ LƴŘƛŀΩǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǎŜŎǘƻǊ ŘŜŀƭ 

with Science, Technology and Innovation (STI) aspects of 

innovation strategies such as research and development 

activities and creating access to explicit codified knowledge, 

and technical efficiency, etc. The innovation system 

combining a strong version of the STI mode with a Doing, 

Using and Interacting (DUI) mode can provide a better 

picture of innovative behaviour of the firms (Jenson et al., 

2007; Shekar, K. C., & Joseph, K. J., 2022). 

2.3 System failure 

As previously highlighted, the basic conceptual 

underpinnings of the SI approach are, first, that innovation 

does not take place in isolation and interaction is central to 

the process; second, that institutions are crucial to 

economic behavior and performance (Smith, 1996); and 

third, that evolutionary processes play an important role, 

they generate variety, select across that variety, and 

produce feedback from the selection process to variation 

creation (Hauknes and Nordgren, 1999). 

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: 

· Infrastructure failure, where there is a lack of formal 

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, collective coordination, regulation, targeted 

funding regarding the goal and direction of the 

transformation process. 

· Demand articulation failure, caused by improper 

anticipation and learning about user needs, shaping 

innovation based on user needs, lack of instruments 

for supporting user-led and open innovation, novel 
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innovations/solutions not finding enough space in 

public procurement.  

· Policy coordination failure, due to a lack of multi-level 

policy coordination, horizontal and vertical 

coordination, across and within different systemic 

levels; between regional and national or between 

technological and sectoral systems, etc.  

· wŜƅŜȄƛǾƛǘȅ ŦŀƛƭǳǊŜΣ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŀƴ ƛƴǎǳŦŬŎƛŜƴǘ ŀōƛƭƛǘȅ 

of the system to monitor, anticipate and involve actors 

in processes of self-governance (Woolthuis, et al., 

2005). 

The systemic failures as presented above cannot be 

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 innovation system 

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).  

By using the systems framework as a tool for analysis, policy 

makers can identify: (1) where systemic failures occur; and 

(2) which actors should be addressed to make change 

possible. Most problems in the innovation system will not 

be uni-dimensional but will consist of a complex mixture of 

causes and effects and involve several actors. By using the 

framework, priorities can be given to the most stringent 

obstacles for innovation and thus also serve as a guideline 

to implement innovation policy. 

2.4 The Triple Helix (TH) Model 

Besides the systems approach, there are other tools that 

have the potential to offer similar facilitation for innovation 

at the sectorial level. The Triple Helix Model is advocated to 

be a powerful tool for linking universities to the rest. This 

can also be seen as a tool for operationalizing the IS 

concept. However, this might require setting-up a proper 

framework at a low scale to set the foundation for the 

running of the system, which is expected to be inclusive and 

socially embedded in the context of developing countries. 

This interaction between government, universities and 

firms is addressed in the Triple Helix Model proposed by 

Etzkowitz and Leydesdorff (1997). This model is a 

descriptive construct of the components, interaction 

channels and functions or benefits of an effective NIS 

(Ranga and Etzkowitz, 2013; Santana, 2016). 

 
 
 
 
 
 

FIGURE 2: Triple Helix Model extension 
 

 

Etzkowitz (2002) states that interaction channels are 

necessary when firms and government are related with 

universities in knowledge-based economies. From a 

business perspective, the most important channels of 

transfer of knowledge are: open science, property rights, 

human resources, projects of collaborative research and 

development (R&D) and networking among actors (Cohen 

et al., 2002; Hanel & St.-Pierre, 2006; Arza, 2010; Bekkers & 

Freitas, 2008; Ruiz, Corrales and Orozco, 2017). 

The triple helix is effective in understanding the dynamics 

of innovation at the sectorial, regional, national or 

international level, as it provides a well-elaborated 

framework for understanding central inquiries in 

innovation processes, including a) What the key actors are 

and b) What the mechanisms of interactions are (Cai and 

Amaral, 2021). Traditionally, the literature on the Triple 

Helix Model has focused on the relationships between 

universities and knowledge-based institutions (KBIs), firms, 

governments, and hybrid organizations at the intersection 

of these three helices (Etzkowitz and Leydesdorff, 1995; 

Leydesdorff, 2001). Etzkowitz and Leydesdorff developed 

the Triple Helix Model to explain the dynamic interactions 

between academia, industry, and government that foster 

entrepreneurship, innovation, and economic growth in a 

knowledge-based economy (Etzkowitz & Leydesdorff, 

2000). 

According to the literature, the scope and intensity of the 

interactions between the three actors are reflected in 

varying institutional arrangements, referred to as Triple 

Helix Type I, II, and III (TH-Type I, II and III) (Etzkowitz and 

Leydesdorff, 2000; Etzkowitz, 2003, 2008; Ranga and 

Etzkowitz, 2013). 
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In the TH- Type I, the three helices are strongly defined, 

with relatiǾŜƭȅ ǿŜŀƪ ƛƴǘŜǊŀŎǘƛƻƴǎΦ LƴǎǘƛǘǳǘƛƻƴŀƭƭȅΣ άǘƘŜ 

nation state encompasses academia and industry and 

ŘƛǊŜŎǘǎ ǘƘŜ ǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜƳέ ό9ǘȊƪƻǿƛǘȊ ŀƴŘ 

Leydesdorff, 2000: p. 111). New knowledge is produced 

only within universities and research centres. Hence, TH-

Type I is largely viewed as a failed development model with 

ƴƻǘ ŜƴƻǳƎƘ ǊƻƻƳ ŦƻǊ ΨōƻǘǘƻƳ ǳǇΩ ƛƴƛǘƛŀǘƛǾŜǎΣ ǿƘŜǊŜ 

άƛƴƴƻǾŀǘƛƻƴ ǿŀǎ ŘƛǎŎƻǳǊŀƎŜŘ ǊŀǘƘŜǊ ǘƘŀƴ ŜƴŎƻǳǊŀƎŜŘέ 

(Etzkowitz and Leydesdorff, 2000, pg.112). To achieve 

ǎǘŀǘƛǎǘ ǊŜŦƻǊƳ άǘƘŜ ŦƛǊǎǘ ǎǘŜǇ ώΧϐ ƛs the loosening of top-

down control and the creation of civil society where one is 

ƭŀŎƪƛƴƎέ ό9ǘȊƪƻǿƛǘȊΣ нллоŀΣ ǇƎΦолпύΦ hǘƘŜǊǿƛǎŜΣ ǘƘŜǊŜ ƛǎ 

minimal direct connection to the needs of society, which in 

turn discourages the introduction and diffusion of 

innovations in the economy (Martin and Etzkowitz, 2000). 

Triple Helix Type II is characterised by decreasing direct 

control of the state on the functions of Type I with a shift of 

focus on fixing market failures. The mechanisms of 

communication between the actors 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 

developed (Leydesdorff and Etzkowitz, 1998b). Research is 

also carried out outside universities and research centres. 

As research becomes increasingly multidisciplinary and 

applied, societal needs have a direct influence on it 

(Etzkowitz and Leydesdorff, 2000; Martin and Etzkowitz, 

2000; Ranga and Etzkowitz, 2013). 

TH-¢ȅǇŜ LL Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀ ΨƭŀƛǎǎŜȊ-ŦŀƛǊŜΩ ƳƻŘŜƭ ƻŦ 

ƛƴǘŜǊŀŎǘƛƻƴ άƛƴ ǿƘƛŎƘ ǇŜƻǇƭŜ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ŀŎǘ 

competitively rather than cooperatively in their relations 

ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊέ ό9ǘȊƪƻǿƛǘȊΣ нллоΣ ǇƎΦо05). To summarise 

and compare TH-¢ȅǇŜǎ L ŀƴŘ LLΣ άǎǘŀǘƛǎǘ ǎƻŎƛŜǘƛŜǎ ŜƳǇƘŀǎƛǎŜ 

the coordinating role of government while laissez-faire 

societies focus on the productive force of industry as the 

ǇǊƛƳŜ ƳƻǾŜǊ ƻŦ ŜŎƻƴƻƳƛŎ ŀƴŘ ǎƻŎƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘέ 

(Etzkowitz, 2008, pg.13).  

Furthermore, in TH-Type III, the three actors assume each 

ƻǘƘŜǊΩǎ ǊƻƭŜǎ ƛƴ ǘƘŜ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ǎǇƘŜǊŜǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 

performance of their traditional functions. With the 

emergence of TH-Type III, a complex network of 

organizational ties has developed, both formal and 

informal, among the overlapping spheres of operations. 

The transformation of universities is of particular relevance. 

After having incorporated research as an additional mission 

beyond teaching, universities recognise their role in the 

pursuit of economic and social development (Etzkowitz and 

Leydesdorff, 2000; Webster, 2000; Ranga and Etzkowitz, 

2013; Etzkowitz, 2008, 2017). Hence, universities take on 

entrepreneurial tasks such as marketing knowledge, 

increased technology transfers and the creation of spin-offs 

and startups, as a result of both internal and external 

influences (Etzkowitz, 2017; Etzkowitz and Leydesdorff, 

2000; Etzkowitz et al., 2000). These entrepreneurial 

activities are assumed with regional and national objectives 

in mind, as well as financial improvements to the university 

and the faculty (Etzkowitz, et al., 2000). In doing so, 

universities cease to be ivory towers, disconnected and 

isolated from society, but interact closely with industry and 

government (Etzkowitz and Leydesdorff, 2000; Etzkowitz et 

ŀƭΦΣ нлллύΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ŀōƻǾŜΣ άŦƛǊƳǎ ŘŜǾŜƭƻǇ ŀƴ 

academic dimension, sharing knowledge among each other 

ŀƴŘ ǘǊŀƛƴƛƴƎ ŜƳǇƭƻȅŜŜǎ ŀǘ ŜǾŜǊ ƘƛƎƘŜǊ ǎƪƛƭƭ ƭŜǾŜƭǎέ 

(Leydesdorff and Etzkowitz, 1998, pg.98), as well as 

increasing collaboration with knowledge-based institutions 

(KBIs). Improved university-industry collaboration is 

visualised through: i) an increased patenting output, 

ǇŀǊǘƛŎǳƭŀǊƭȅ ŀǎ ǘƘŜȅ ŀǊŜ ŀ άǊŜǇƻǎƛǘƻǊȅ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ 

how the socially organised production of scientific 

ƪƴƻǿƭŜŘƎŜ ƛǎ ƛƴǘŜǊŦŀŎŜŘ ǿƛǘƘ ǘƘŜ ŜŎƻƴƻƳȅέ ό[ŜȅŘŜǎŘƻǊŦŦΣ 

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); 

and iv) the diffusion of technology transfer offices, industry 

collaboration support offices and science parks (Siegel et 

al., 2003, in Perkmann and Walsh, 2007, pg. 4). 

Governments therefore create incentives through 

άƛƴŦƻǊƳŜŘ ǘǊŀŘŜ-offs between investments in industrial 

policies, S&T policies, and/or delicate and balanced 

ƛƴǘŜǊǾŜƴǘƛƻƴǎ ŀǘ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ƭŜǾŜƭέ ό[ŜȅŘŜǎŘƻǊŦŦΣ нллрύΦ 

Phrased differently, there is a shift in the traditional role of 

ǇƻƭƛŎȅ ŦǊƻƳ ǘƘŜ ŦŀŎƛƭƛǘŀǘƛƻƴ ƻŦ ōŀǎƛŎ ǎŎƛŜƴŎŜ ǘƻ ƛǘǎ ΨōǊƛŘƎƛƴƎ 

fuƴŎǘƛƻƴΩΦ Lƴ ŀ ƴǳǘǎƘŜƭƭΣ ǘƘŜ ¢ǊƛǇƭŜ IŜƭƛȄ ¢ȅǇŜ LLL ŀǎǎǳƳŜǎ ǘƘŀǘ 

the three spheres - universities, industry, and government - 

overlap, and their boundaries become more permeable. A 

complex network of organizational ties develops individuals 

and ideas move around the three helices, and synergies are 

maximised (Etzkowitz, 2002). Actors evolve and assume 

ŜŀŎƘ ƻǘƘŜǊΩǎ ǊƻƭŜǎΣ ǿƛǘƘ ƴŜǿ ƘȅōǊƛŘ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ŜƳŜǊƎƛƴƎ 

at the interfaces, for example incubators, accelerators, 

science parks, technology transfer offices, venture capital 

firms, angel networks, and seed capital funds (Etzkowitz, 

2000; Etzkowitz and Leydesdorff, 2000; Etzkowitz, 2002; 

Ranga and Etzkowitz, 2013).  

The Triple Helix Model has also been applied to the context 

of developing economies. Case studies document how 

innovation and learning processes differ in developing 

economies, what factors constrain the adoption of more 

integrated Triple Helix models, and how actors and 

mechanisms cope with these factors (Sarpong et al., 2017). 

In this regard, it has been noted that while the components 
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of the triple helix do not change, the intensity and quality 

of their interactions are often weaker than in developed 

economies (Dzisah and Etzkowitz, 2008). Generally, in order 

to address such challenges effectively, through tailored and 

targeted policy interventions, there is the clear need for 

system level measurement.  

2.5 Towards an Analytical Framework 

Our framework for analysis of the IASSI is grounded in the 

literature, but it extends the traditional model in two main 

ways and is referred to as Triple Helix (TH-Type IV) Type IV16 
17. The TH-Type IV has the additional features of 

arbitrageurs (banks, financial institutions, venture capital 

and angel investors) and intermediary organizations 

(industry associations, institutions supporting technical 

change and incubators), as well as diffused ICT in the 

context of the fourth industrial revolution.  

Arbitrageurs can be defined as venture capitalists, angel 

investors/ networks and knowledge brokers. They are 

essential for 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, knowledge 

sources and even technical knowledge so that firms can 

improve their performance, in terms of survival rate, as well 

as accelerate and increase the effectiveness of their 

innovation processes (Zook, 2003; Baygan and 

Freudenberg, 2000). Their resource allocation role is based 

on the assessment of advantages in information 

asymmetries (Williamson, 1969, 1971, 1973) (Bartels, et al., 

2012, pg.7). However, information asymmetry and 

ǳƴŎŜǊǘŀƛƴǘȅ Ŏŀƴ ƭŜŀŘ ǘƻ ǘǊŀƴǎŀŎǘƛƻƴ ǇǊƻōƭŜƳǎΦ ά/ƻǳƴǘǊƛŜǎ 

seeking to encourage the emergence and growth of 

entrepreneurial firms need to devise ways that reduce 

ǘǊŀƴǎŀŎǘƛƻƴ ǇǊƻōƭŜƳǎέ ό[ƛ ŀƴŘ ½ŀƘǊŀΣ нлмнΣ ǇƎΦфрύΦ Lǘ Ŏŀƴ ōŜ 

said that a combination of both formal institutions and 

(informal) cultural values can provide the proper incentives 

to reduce transaction problems. Arbitrageurs are therefore 

of vital importance as the innovation process requires 

internal and external intermediation (financial, knowledge, 

transacting and investment), and as such, complement the 

traditional Triple Helix Model. 

½½½½½½½½½½½½½½½½½½ 
16  Leydesdorff claims no ex-ante or necessary limitation to three helices for the explanation of complex developments, but instead propose that an N-tuple or 
an alphabet of (20+) helices can be envisioned. However, in scholarly discourse and for methodological reasons, one may wish to extend models step by step 
and as needed to gain explanatory power. (Leydesdorff, 2012).  
17  Civil society - comprising the activities of non-state organizations, institutions, and movements - has in recent years emerged as the major force for change 
in the realms of politics, public policy, and society both globally 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 eludes definition and systematic understanding 
(Anheier 2004). The benefits of incorporating civil society within systems measurement, and hence policy craft include: i) the provision of bottom-up insights, 
particularly as civil society represents demand-side perspectives, such as innovation users 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. However, despite the benefits civil 
society comprises a heterogeneous 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. 

Intermediaries are recognised as actors that place 

themselves in the middle of relationships between other 

actors, or actors that facilitate the process of interacting in 

exchange relationships. Four roles of intermediaries 

include: (a) consultant, providing information and advice in 

the recognition, acquisition and utilisation of the relevant 

intellectual property and technological capabilities; (b) 

broker, brokering a transaction between two or more 

parties; (c) mediator, acting as an independent third party 

who assists two organizations achieve a mutually beneficial 

collaboration and (d) resource provider, acting as an agent 

who secures access to funding and other material support 

for the innovation outcomes of such collaborations 

(Chunhavuthiyanon & Intarakumnerd, 2014; Chappin et al., 

2008). 

Nakwa et al., (2012) highlight the importance of 

intermediaries in transforming pre-existing inter-firm 

networks into more robust, dynamic, and sustainable 

system-oriented networks. In addition, Nakwa et al., (2012) 

ƛƴŘƛŎŀǘŜ ǘƘŀǘ άƛƴǘŜǊƳŜŘƛŀǊƛŜǎ Ǉƭŀȅ ŀ ǎǇƻƴǎƻǊƛƴƎ ǊƻƭŜ ŀǘ ǘƘŜ 

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 

ǇǊƻǾƛŘƛƴƎ ǎŜǊǾƛŎŜǎ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜ ƪƴƻǿƭŜŘƎŜ ŎƛǊŎǳƭŀǘƛƻƴέΦ 

Intermediary organizations are pertinent in facilitating the 

flow of knowledge, technology, and skills among the actors 

of the SI. Within this actor group, institutions supporting 

technical change (ISTC) promote knowledge generation, 

technology development and commercialisation; 

facilitators like industry associations establish and reinforce 

the links between system actors through networking; 

enablers such as industrial parks and incubators support 

with infrastructure, framework conditions, capabilities and 

related resources and funders (Letaba, 2019). 

Table 2 below shows core actors, arbitrageurs and 

intermediary organizations by the function they perform in 

the Indian food and beverages sector. These functions span 

across the innovation value chain, namely: knowledge 

generation and transfer; technology development, 

acquisition, and transfer; product development; testing 

services; commercialisation; and business development.
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TABLE 2: Intermediary organizations by function 

Function Knowledge based 
institutions 

Government Intermediaries Arbitrageurs 

Technology 
Development 

¶ University-enterprise joint 
research centre 

¶ Science Park 

¶ Technology Information Forecasting 
and Assessment Council (TIFAC) 

¶ ACMA 

¶ SIAM 

¶ ARAI 

  

Technology 
Transfer 

¶ Science Park 

¶ University-enterprise joint 
research centre 

¶ University-owned 
enterprise centre 

¶ Technology Information Forecasting 
and Assessment Council (TIFAC) 

¶ Global Innovation & Technology 
Alliance (GITA) 

¶ ACMA 

¶ SIAM 

¶ ARAI 

  

Technology 
Acquisition 

 
¶ Global Innovation & Technology 

Alliance (GITA) 

 
  

R&D 
 

¶ Auto Cluster Development and 
Research Institute 

¶ Auto Cluster 
Development and 
Research Institute 

  

Knowledge 
Transfer 

¶ Living Labs ¶ National Productivity Council 

¶ Global Innovation & Technology 
Alliance (GITA) 

¶ ACMA 

¶ SIAM 

¶ ARAI 

  

IP Protection ¶ Science Park ¶ Patent offices ¶     

Infrastructure 
Development 

 
¶ Ministry of Heavy Industries ¶ ACMA 

¶ SIAM 

¶ ARAI 

  

Product 
Development 

 
¶ National research & development 

corporation 

 
  

Human Capital 
Development 

¶ University-enterprise joint 
research centre 

¶ Automotive Skill Development 
Council (ASDC) 

¶ Indo German Tool Room, Aurangabad 

¶ National Institute For Automotive 
Inspection Maintenance & Training 
(NIAIMT) 

¶ ACMA 

¶ SIAM 

¶ ARAI 

  

Business 
Development 

¶ Science Park 

¶ Incubator 

¶ Industrial Park 

¶ National engineering research centre 

¶ Incubator 

¶ Industrial Park 

¶ Incubator 

¶ Industrial Park 

  

Funding ¶ University-enterprise joint 
research centre 

¶ Ministry of Heavy Industries 

¶ Technology Acquisition and 
Development Fund (DPIIT) 

¶ Department of Scientific and 
Industrial Research (DSIR) 

¶ ACMA 

¶ SIAM 

¶ ARAI 

  

Fund raising 
 

¶ Ministry of Heavy Industries 

¶ Banks 

¶ Venture Capital 

¶ Angel Investors 

¶ ACMA 

¶ SIAM 

¶ ARAI 

  

Agenda setting 
 

¶ Ministry of Heavy Industries 

¶ NITI Aayog 

¶ ACMA 

¶ SIAM 

¶ ARAI 

  

Testing & 
certification 
services 

¶ University-enterprise joint 
research centre 

¶ National Automotive Test Tracks 
(NATRAX) 

¶ Bureau of Indian Standards (BIS) 

¶ National Accreditation Board for 
Certification Bodies (NABCB) 

¶ BSCIC Certifications Pvt. Ltd. 

¶ National Institute for Automotive 
Inspection Maintenance & Training 
(NIAIMT) 

¶ ARAI   

Source: Letaba, Petrus (2019) 

Compared to the Triple Helix Type III, our augmented 

version of the model also gives prominence to the fourth 

industrial revolution (4IR) and digital transformation 

through ICTs. Through the spread of digital information and 

ICT, a new technological wave and a new corresponding 

mode of development has emerged (Perez, 1983; Freeman 
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and Louça, 2001; Mowery, 2009). Innovation activities 

shape and use ICTs with lagged but often large effects on 

productivity and innovation in both developed and 

developing economies (Paunov and Rollo, 2016; Hjort and 

Poulsen, 2017). The channels through which ICTs affect 

ŦƛǊƳǎΩ ǇǊƻŘǳŎǘƛǾƛǘȅ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŀǊŜ ƳǳƭǘƛǇƭŜΣ ŀƴŘ ƻŦǘŜƴ 

difficult to disentangle. For example, ICTs can facilitate 

access to information and knowledge, fostering learning 

and knowledge flows, or ease communication among firms 

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 take full account of the local environment in which 

actors operate, suggesting a potentially large role for 

evidence-based policymaking in this area (Koria et al., 

2014).  

Today, ICTs are at the centre of what many believe to be 

the Fourth Industrial Revolution (4IR) (World Bank, 2016). 

Each of the actors in the Triple Helix Type IV has a specific 

role to play in the context of the 4IR. Using analytics and 

data, the 4IR allows firms to identify new opportunities, 

expand their businesses and tap into new markets. 4IR 

technologies enable firms to increase their productivity, 

provide better customer experience, and optimise 

resources.  

Universities have a great role to play to make the 4IR a 

reality, particularly through fostering the development of 

future skills as 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). 

The adoption of the 4IR and digital transformation requires 

investments which could be satisfied with the help of 

arbitrageurs such as venture capital (Deloitte, 2018a). 

Innovative technologies are becoming more prevalent and 

venture capitalists are making even greater investments in 

them. Venture capital investments in 4IR-focused startups 

have steadily increased, both in terms of size and number 

of deals. Globally, venture capital investments in this arena 

grew from approximately US$ 600 million in 2014 to US$ 

2.3 billion in 2016, representing a 40% CAGR (Deloitte, 

2018). 

However, venture capitalists need to be mindful of 

conservative and risk-averse investment strategies that fail 

to consider a broad range of promising investments bias 

towards companies in specific narrowly defined industries. 

±/ǎ ǎƘƻǳƭŘ ƴƻǘ ŎƻƴŦƭŀǘŜ άǊƛǎƪ ŀǾŜǊǎŜέ ǿƛǘƘ ǇǊǳŘŜƴǘ όCƻǊōŜǎΣ 

2021). Regular communication between arbitrageurs and 

especially with industry and other actors such as KBIs, 

government and intermediaries can help VCs understand 

the dynamics of the sector and invest accordingly.  

Due to the rapid changes in technologies linked to digital 

transformation and the 4IR, firms require the support of 

intermediaries as knowledge brokers. Intermediaries can 

ensure that knowledge spillover processes are more 

inclusive for firms and thereby contribute to developing 

their absorptive capacities. In addition, intermediaries have 

a vital role in building efficient technology transfer systems 

between actors of the system of innovation (Karlsen et al, 

2022). 

In light of the above, utilising the Triple Helix Type IV for 

measuring the Indian Automotive Sectorial System of 

Innovation (IASSI) provides an evidence-based framework 

for identifying barriers and priorities, leading to the 

articulation of policies and targeted short-, medium- and 

long-term interventions.
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The Indian Automotive Sectorial System of Innovation 

(IASSI) Survey has been conducted to obtain a holistic view 

of the SSI as a basis for evidence-based 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 2021-22. 

Essentially, two basic forms of data collection exist, those 

with and those without an interviewer, or, phrased 

differently: interviews and self-administered 

questionnaires (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). Self-administered questionnaires take on 

many forms and can be used in group or individual settings. 

A well-known example of a self-administered 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). Often a combination 

approach is used, particularly when there is the need to ask 

sensitive questions. All the taxonomical approaches 

mentioned are respondent orientated, and the method 

choice is complex and based on a delicate balance between 

the quality of the data acquired, time and costs.  

The Internet-based approach was chosen in line with the 

ǊŜŀǎƻƴƛƴƎ ƻŦ YƻǊƛŀΣ Ŝǘ ŀƭΦΣ όнлмнύ ǘƘŀǘ ƛύ άΧ ƳŀȄƛƳƛǎƛƴƎ ǘƘŜ 

use of the budget, internet surveys can cover a much larger 

sample size than the conventional mail survey (Berrens, et 

al., 2003); ii) the time dimension associated with 

conducting web-based surveys is much lower in comparison 

to other forms (Cobanoglu et al., 2001); iii) the quality of 

retrieved data is higher in terms of non-response and the 

ability to include conditionality 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, 

Ŝǘ ŀƭΦΣ нллоύέ όYƻǊƛŀΣ Ŝǘ ŀƭΦΣ нлмнΦΣ ǇƎΦуύΤ ŀƴŘ Ǿύ ǘƘŜ 

emergence of the COVID-19 pandemic restrictions during 

the implementation phase of the project which limited 

face-to face interaction. 

 

 

3.1 Sample Selection 

As per the άTheoretical Frameworkέ chapter, the IASSI 

Survey focuses on five core actor groups, namely: 

government (GOV), knowledge-based institutions (KBI); 

arbitrageurs (ARB); intermediaries (INT) and industry (IND). 

The executive policy community, essentially the 

government (GOV), is represented by high-level officials 

(national and state level) in the relevant public institutions 

that are directly or indirectly responsible for innovation in 

the automotive sector. Knowledge-based institutions (KBIs) 

are represented by the heads of university faculties/ 

departments from the disciplines of engineering, 

technology and innovation, think-tanks, 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. 

Intermediaries 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. 

Procedure: 

Non-firm actors, namely GOV, KBI, ARB and INT were 

sampled on a convenience basis. A frame was prepared for 

the automotive sector with around 200 relevant non-firm 

actors within GOV (20), KBI (70), ARB (50) and INT (60) 

which was treated as the universe and the 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 

respective firm sizes were measured through a combination 

of turnover, investment in plant and machinery or 

equipment or employment.  

The sampling frame for firm actors has been obtained from 

the άAnnual Survey of Industriesέ (ASI) 2018-19 frame, the 

/ŜƴǘǊŜ ŦƻǊ aƻƴƛǘƻǊƛƴƎ LƴŘƛŀƴ 9ŎƻƴƻƳȅΩǎ ό/aL9ύ tǊƻǿŜǎǎ Lv 

database (2018-19) and the Department of Science and 

¢ŜŎƘƴƻƭƻƎȅΩǎ ό5{¢ύ ŘƛǊŜŎǘƻǊȅ όнлму-19). With a total of 

6,004 firms from the automotive sector, after sampling 589 

firms were surveyed.
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FIGURE: - Firm size classification 
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The Government of India notification mentions that: If an 

enterprise crosses the ceiling limits specified for its present 

category in either of the two criteria of investment or 

turnover, it will cease to exist in that category and be placed 

in the next higher category but no enterprise shall be placed 

in the lower category unless it goes below the ceiling limits 

specified for its present category in both the criteria of 

investment as well as turnover. 

In some cases, employment data was used as a proxy for 

firm size and the firms were reclassified after the survey.  

· Large ς 200 + employees (Kapoor., 2016, p.11)18  

· Medium ς 50 to 199 employees 

· Small ς 20 to 49 employees 

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

Limitations:  

· The data collection was impacted due to the covid 

crisis as businesses were closed. This has affected the 

survey response rate to some extent with an overall 

response rate of 70%, a firm response rate of 63.67% 

and non-firm response rate of 89%.  

· Absence of a baseline for evaluating the performance 

of SSIs in India as there are no prior surveys conducted 

along the same lines.  

· The classification of firms into large, medium, small 

and micro is only a rough estimate given that the 

universe is a combination of 3 databases with the 

absence of similar parameters to measure firm size. 

3.2 Data Collection 

Due to the technical nature of the data to be collected it is 

imperative that the quality and integrity of information is 

½½½½½½½½½½½½½½½½½½ 
18  Small firms are defined as those having less than 50 employees, medium firms have 50-199 employees and large firms are defined as those having 200 or 
more workers.  

ensured. Consequently, the outlined approach was utilised 

to maintain a level of rigour in the selection of enumerators 

from Indian knowledge-based and technical institutions, as 

compared to standard data collection firms. The merits of 

the approach are outlined below: 

Selection of enumerators and retention  

Criteria: Given the highly technical nature of the 

information to be collected it is imperative that the selected 

enumerators were able to:  

· Comprehend the specifics of innovation and systems 

of innovation. 

· Effectively communicate innovation constructs to the 

target respondent. 

· Guide the discussion as and when required, based on 

some degree of understanding and exposure to 

innovation in the sector, which will also enable them 

to support data analysis and reporting. 

· Demonstrate experience in data collection and 

therefore be able to extract nuanced information. 

· Communicate in the relevant regional language of the 

focus state; and  

· Summarise the findings and participate in further 

analysis of the data to support the UNIDO team. 

Enumerators were trained on systems of innovation, 

technical aspects related to the automotive sector and data 

collection techniques with the Lime Survey® interface. In 

order to ensure data quality, Lime Survey® enables real 

time tracking of enumerators to the respondent level 

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 



 

  

40 

INDIAN AUTOMOTIVE SECTORIAL SYSTEM OF INNOVATION (IASSI) 

automatically updated to the database. In addition, spot 

checks from the response data are randomly taken to 

ensure data quality at the level of each individual 

enumerator is being maintained. 

3.3 The Data Acquisition Survey 

Instrument (DASI) 

The Data Acquisition Survey Instrument (DASI) for the IASSI 

Survey was created using an iterative multi-step 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 Innovation 

Survey Reports (UNIDO, 2012; UNIDO, 2015; UNIDO, 2019). 

The current iteration, DASI-V4, saw the introduction of new 

actor-specific questions to support measurement at the 

sectorial level and to provide better insights at the actor 

level. This enhancement of the DASI allows for greater 

accuracy and impact of the policy recommendations in the 

short-, medium, and long-term.  

3.4 Survey Operationalisation  

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 

real-time basis into the Lime Survey®. The Lime Survey® 

tool is an advanced online survey system. The outputs from 

the verification protocol were uploaded into the Lime 

Survey® system and individual tokens were assigned to 

each target respondent. This restricted survey access solely 

to the survey enumerators who interviewed the targeted 

individual respondent, therefore greatly enhancing the 

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 

non-intrusively managed via the Lime Survey® interface by 

the project team at HQ. Electronic reminders were sent out 

to enumerators for the interviews that were only partially 

completed or not responded to at all. This process was 

facilitated by the structure of the Lime Survey® back-end, 

as the system logs the exact date and time at which the 

survey was accessed and to what degree it was completed.  

For those survey enumerators who had not accessed the 

survey for a long period, a follow up was made 

telephonically to monitor any potential technical 

difficulties. Once responses 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 data collection 

process.

FIGURE 3: Operational Methodology 

 

3.5 Secondary Data Collection  

In addition to the primary data collection undertaken it is 

crucial to gain a view of what is being presented in the form 

of secondary sources at the sectorial level, particularly 

those from the government. The secondary sources that 

were analysed comprised qualitative material consisting of 

policy documents, government budget statements, 

development strategies and action plans at the national 

and sectorial levels. The purpose of analysing these 

documents was to gain an understanding of the policy 

direction that the Government of India is taking with 

respect to innovation in the pharmaceutical sector. Phrased 

differently, is there convergence or divergence between 

Create Database of Respondents 

Verification of Database 

Survey Creation 

Launch Pilot Survey 

Sensitisation of Respondents 

Launch Survey 

Conduct Face-to-Face Interviews  

Multiple Electronic Reminders 

Review Responses 
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what is presented within policy documentation from the 

actual results obtained? The results of the analysis are 

ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ άwŜǎǳƭǘǎ ŀƴŘ !ƴŀƭȅǎƛǎέ ŎƘŀǇǘŜǊ ƻŦ ǘƘƛǎ 

report. 

3.6 Stakeholder consultation  

In order to garner preliminary insights into the results 

obtained from the survey, a stakeholder consultation was 

undertaken. Results were presented and discussed with 

sector experts and practitioners in order to understand 

whether or not the observations were meaningful. The 

platform provided an opportunity to orient the report 

writing through linking the findings to specific case 

examples as well as highlighting any supporting secondary 

research that may have been conducted at the national 

level. The process was important for the identification of 

any potential outliers in the results.
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Manufacturing Trends in 
the Automotive Sector 
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4.1 Indian Automotive Sector: 

Structure and Dynamics 

¢ƘŜ LƴŘƛŀƴ ŀǳǘƻƳƻōƛƭŜ ǎŜŎǘƻǊ ƛǎ ǘƘŜ ŎŜƴǘŜǊ ƻŦ LƴŘƛŀΩǎ 

manufacturing economy, contributing significantly to 

growth and employment. In addition, it has a large, labour-

intensive ancillary sector and has essential horizontal and 

vertical linkages with other industries, serving as a 

bellwether for the current state of the Indian economy. 

The Indian automobile sector was valued at US$ 222 billion 

in FY 2022 and is predicted to grow at a combined 

aggregate growth rate (CAGR) of 9% between FY 2022-2023 

to US$ 300 billion by 202619. The industry accounts for 7.1% 

of the Gross Domestic Product (GDP) of the Indian economy 

and comprises about 49%of its manufacturing economy. 

India has a robust domestic market in terms of demand, 

with exports from the country also showing significant 

growth in recent years. The number of vehicles 

manufactured in India during FY 2022 stood at 22.93 

million, of which 17.51 million were sold in the domestic 

market (see Table 1). The rest were exported, with the US 

being the largest exporter (US$ 3 billion)20,21. While the 

industry numbers are reasonable compared to FY 2020-21, 

they have not yet reached their pre- COVID-19 strength. 

The industry also faces headwinds from supply chain 

restraints, high fuel and commodity prices, overbooking, 

and rural distress. 

The sector can be broadly divided into two industries: the 

automotive industry and the auto component industry. 

The well-developed Indian automotive industry is 

responsible for the manufacturing and sales of passenger 

cars, commercial vehicles, and two-three-wheelers, with 

the component industry complementing them in each case. 

In spite of being the fourth largest automobile market in the 

world, India still has only 23 cars per 1000 person compared 

to the US!Ωǎ опфΣ 9ǳǊƻǇŜΩǎ рул ŀƴŘ /ƘƛƴŀΩǎ ммс22. The 

majority of sales in the sector are for two-wheelers with 

passenger cars coming in second. The passenger car market 

is also dominated by small- and mid-size cars. The industry 

is expected to record strong growth in FY 2023, with electric 

vehicles (EVs), especially two-wheelers, likely to witness 

positive sales in FY 2023, continuing the trend of previous 

years (see Figure 423). The Indian EV market is expected to 

grow at a CAGR of 36% until 2026. In addition, the EV 

battery market is forecast to expand at a CAGR of 30% 

during the same period and is expected to peak at US$ 200 

billion by 203024.

 

FIGURE 4: EV sales category-wise 

 

½½½½½½½½½½½½½½½½½½ 
19  Invest in Indian Automobile Industry, Auto Sector Growth Trends: https://www.investindia.gov.in/sector/automobile  
20  India Brand Equity Foundation: https://www.ibef.org/industry/automobiles-presentation  
21  Sourced from: https://commerce.gov.in/press-releases/f-no-219-2020-stats-div-government-of-india-ministry-of- commerce-industry-department-of-
commerce-directorate-general-of-foreign-trade-statistics-division-2/  
22  Road Transport Year Book (2021): https://morth.nic.in/sites/default/files/RTYB-2017-18-2018- 19.pdf  
23  Society of Indian Automobile Manufactures: https://www.siam.in/statistics.aspx?mpgid=8&pgidtrail=9  
24  Sourced from: https://www.newindianexpress.com/business/2021/nov/20/indian-ev-market-set-to-lead-globally-may-peak-usd-200-billion-by-2030-
2385916.html 
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https://commerce.gov.in/press-releases/f-no-219-2020-stats-div-government-of-india-ministry-of-
https://commerce.gov.in/press-releases/f-no-219-2020-stats-div-government-of-india-ministry-of-commerce-industry-department-of-commerce-directorate-general-of-foreign-trade-statistics-division-2/
https://commerce.gov.in/press-releases/f-no-219-2020-stats-div-government-of-india-ministry-of-commerce-industry-department-of-commerce-directorate-general-of-foreign-trade-statistics-division-2/
https://morth.nic.in/sites/default/files/RTYB-2017-18-2018-19.pdf
https://morth.nic.in/sites/default/files/RTYB-2017-18-2018-19.pdf
https://www.siam.in/statistics.aspx?mpgid=8&pgidtrail=9
https://www.newindianexpress.com/business/2021/nov/20/indian-ev-market-set-to-lead-globally-may-peak-usd-200-billion-by-2030-2385916.html
https://www.newindianexpress.com/business/2021/nov/20/indian-ev-market-set-to-lead-globally-may-peak-usd-200-billion-by-2030-2385916.html
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While the development in EV (Mohile, 2022) is 

commendable, it is important to note that the sector 

provides approximately 37 million of direct and indirect 

jobs, with the auto component industry directly employing 

5 million people. According to data from the ACMA, ICE 

powertrains contribute to over 60% of the component 

sector's employment generation. The switch to all-electric 

powertrains could impact up to 5.6 million jobs by 2025-26.

FIGURE 5: Production, sales and export data of Indian automobile industry 

 

The auto-component industry also showed a robust 23% 

growth after two years of contraction. The industry's 

turnover stands at US$ 56.5 billion, which includes supplies 

to domestic OEMs25, aftermarket and service sales, and 

exports. It is to be noted that 99% of the deals are in the 

domain of Internal Combustion Engine (ICE) vehicles, with 

EVs only accounting for 1% of total component 

consumption26.

TABLE 3: Segment-wise domestic production 

Category 2016-17 2017-18 2018-19 2019-20 2020-21 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 

 

½½½½½½½½½½½½½½½½½½ 
25  !ƴ hǊƛƎƛƴŀƭ 9ǉǳƛǇƳŜƴǘ aŀƴǳŦŀŎǘǳǊŜǊ όh9aύ ƳŀƪŜǎ ǎȅǎǘŜƳǎ ƻǊ ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ƛƴ ŀƴƻǘƘŜǊ ŎƻƳǇŀƴȅΩǎ ŜƴŘ ǇǊƻŘǳŎǘΦ  
26  Future of Mobility: Transforming to be ahead of the opportunity, ACMA Annual Report 2021-22: https://www.acma.in/uploads/publication/annual-
report/ACMA-Annual-Report-2021-22.pdf  
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FIGURE 6: Automotive manufacturing clusters across the country along with NATRiP test centers 

Automotive manufacturing clusters across the country along with NATRiP test centers 

  

 

In terms of research and development, the Indian 

automotive industry constitutes 8% of the total R&D 

expenditure of the country. Major automotive companies 

spend on average 3-5% of their revenues on R&D 

(Narasimhan, 2019) and more than half of these 

investments have been used towards emission compliance 

and electrification. Investment flow into EV startups in 2021 

touched an all-time high, increasing nearly 255% to reach 

INR 3,307 crore (US$ 444 million). There is a need to set-up 

proper charging infrastructure 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 

manufacture components. To help the automotive industry 

reach global standards, the Indian government started the 

άbŀǘƛƻƴŀƭ !ǳǘƻƳƻǘƛǾŜ ¢ŜǎǘƛƴƎ ŀƴŘ wϧ5 LƴŦǊŀǎǘǊǳŎǘǳǊŜ 

½½½½½½½½½½½½½½½½½½ 
27  Annual Report 2020-21: https://static.investindia.gov.in/s3fs-public/2022- 04/Annual%20Report%202021-22%20MHI.pdf  

tǊƻƧŜŎǘέ όb!¢wƛtύ ǳƴŘŜǊ ǘƘŜ !ǳǘƻƳƻǘƛǾŜ aƛǎǎƛƻƴ tƭŀƴ нллс-

2016 with a total budget of US$ 388.5 million. The NATRiP 

has completed 21 of the planned 22 sanctioned facilities 

with one remaining facility still under construction in 

Chennai27. Out of these 22 facilities, six full-fledged test 

centres have been set-up nearby the major automotive 

clusters across the country.  

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 well-connected road network of 

Delhi and Haryana with the rest of the country and the 165 

km long Yamuna expressway helped to form this cluster. 

Within the northern cluster, Haryana has a strong presence 

of automobile manufacturers such as Maruti-Suzuki, Hero-

Delhi-Gurgaon-
Faridabad 

Kolkata- 
Jamshedpur 

Mumbai-Pune- 
Nashik-Aurangabad 

Chennai-Bengaluru-
Hosur 

https://static.investindia.gov.in/s3fs-public/2022-04/Annual%20Report%202021-22%20MHI.pdf
https://static.investindia.gov.in/s3fs-public/2022-04/Annual%20Report%202021-22%20MHI.pdf
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Honda, Honda Motors and Escorts which have led to the 

development of a large number of ancillaries. The 

Gurugram-Manesar-Bawal region has been identified as an 

auto hub by the Government of India. A number of auto and 

auto component units have already set-up bases in this 

hub. The NCR cluster hosts R&D and testing facilities and is 

well-connected with the rest of India. For example, the 

International Centre for Automotive Technology (ICAT) 

located in Manesar provides testing and R&D services to 

the industry and was set-up as a part of the NATRiP.

 

FIGURE 7: Northern cluster 

Northern cluster 

 
Source: IBEF 

Chennai, Hosur and Bangalore form the major locations in 

the southern automotive cluster (see Figure 8) and the 

Chennai-Bangalore industrial corridor is also in this region. 

The state governments have been providing the required 

facilities and incentives in order to further promote the 

sector. One of the objectives of the Tamil Nadu Industrial 

Policy 2014 was to strengthen the state as a manufacturing 

hub and attract incremental investments of over 10% every 

year in the sector. Tamil Nadu has an advanced 

infrastructure with a superior road and rail network, 3 

major ports, 23 minor ports, and 7 airports across the state 

providing exceptional connectivity (Frost and Sullivan, 

2018). The presence of IT and technology parks, a skilled 

workforce, as well as a wide range of suppliers, institutes of 

collaboration and linked services have made the cluster 

highly competitive. It is considered among the top 10 global 

automotive clusters (Okada & Siddharthan, 2008). Hosur 

(Tamil Nadu) is located close to Bengaluru, a major IT hub 

which provides a plethora of investment opportunities in 

the region.

 

 

 

 

Name of cluster: Mayapuri auto 
components 

Location: West Delhi 

Excellent road network to 
facilitate transportation. 

Well connected to gurgaon and 
faridabad auto cluster. 

Over 30,000 people employed for 
recycling vehicle parts. 

Name of cluster: Faridabad auto 
components. 

Location: Faridabad  

presence of 500 MSMES for auto 
components  

Major products: Sheet metal 
rubber and plastic components 

35% of the MSMES cater to 
automobile parts.  

Presence of cems like yamaha 
mahindra maruti etc 

Name of cluster: Gurgaon auto 
parts 

Location: Gurgaon 

Major products: Engine parts. 
Body and chassis. 
Assemblies/sub-assemblies etc. 

Presence of maruti suzuki, one of 
the biggest employers. 
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FIGURE 8: Tamil Nadu cluster map 

Tamil Nadu cluster map 

 

 

Karnataka hosts five automotive clusters (see Figure 9) in 

Dharwad, Belgaum, Shivamogga, Ramanagara and 

Bengaluru Rural with excellent support infrastructure. The 

state has leading R&D institutions that provide knowledge 

services and sectorial training institutes that cater to the 

skills requirements of the cluster (Government of 

Karnataka, 2014).

FIGURE 9: Karnataka automotive cluster 

Karnataka automotive cluster 

 
Source: IBEF 

Auto-component manufacturers suppliers of 
t ier-1, II, and III 

Location: Coimbatore  

Two-wheeler, four-wheelers, commercial 
vehicles, tractors 

Automobile manufacturing and 
development hub 

Location: Hosur 

Auto component cluster 

Location: Chennai 

Major products: Engine parts 
transmission/steering suspension/braking 
electrical 

Auto components cluster 

Location: Tiruvallur (Ambattur, Gumudipund) 

General fabrication, CNC machining, moulds 
& dies, auto components, 
engineering components. 

Auto cluster 

Location: Hoskote, Bengaluru rural 

KIADB Industrial estate with extent of 
17 acres 

Industrial area - 402 acres 

Automobile parts 

Manufacturing hubs 

Narsapur & Vemagal industrial areas in 
kolar district 

Auto cluster 

Location: Bidadi, Ramanagara 

Bidadi industrial area - 1,498 acres 

Presence of large-scale players like 
toyota kirloskar motor 

Scope for ancillary units in automobile 

Auto component cluster 

Location: Shivamogga 

Auto complex, sagar-4.2 acres 

Foundry is one of major activity in the 
manufacturing sector. 

Potential areas for automobile servicing 

Industrial valve cluster 

Location: Hubballi, Dharwad 

Valves and machinery components are 
the major exportable items. 

Auto component cluster 

Location: Belagavi 

Presence of precision engineering SEZ 
foundry cluster focusing MSME. 
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The western automotive cluster (see Figure 10) consists of 

Mumbai-Pune-Nashik-Aurangabad and Sanand-Dholera-

Halol in Maharashtra and Gujarat, respectively. Automobile 

clustering in the Mumbai-Pune region started early in India 

due to its proximity to the coast for the import of heavy 

machinery via Mumbai port, an available power supply, a 

ǎƪƛƭƭŜŘ ƭŀōƻǳǊ Ǉƻƻƭ ŀƴŘ ƎƻƻŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ DǳƧŀǊŀǘΩǎ ǎǘǊƻƴƎ 

cluster level approach has contributed to its emergence as 

a key investment destination for major automotive OEMs 

and ancillary companies, supported by modern 

infrastructure, premium social infrastructure, civic 

amenities, and Centres of Excellence (CoE).

FIGURE 10: Western automotive cluster 

Western automotive cluster 

 

 

 

 

Source: IBEF 

Auto clusters 

Location: Becharaji 

Major players: Honda Motorcycles 

Auto cluster  

Location: Sanand 

Major players: Ford motors, tata motors, maxxis 

Auto cluster  

Location: Halol  

Major players: SAIC Motors, 
hero motcorp. 

Auto cluster 

Location: Mumbai and Thane 

Major players: Mahindra and Mahindra 

Auto cluster 

Location: Pune  

Major players: TATA Motors, Mercedes- 
Benz, Bajaj Auto. 

Auto cluster 

Location: Nashik 

Major players: Mahindra, 
Bosch, ABB, CEAT tyres 

Auto cluster 

Location: Aurangabad 

Major players: Skoda, Varroc, Endurance 
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Building on the above success of spatial policies for the 

promotion of innovation, there is a clear requirement for 

an up-to-date repository of cluster information in India 

located within a national observatory where this 

information is accessible to all system actors. Coherent 

spatial policies are crucial for building a robust innovation 

ecosystem that encourages private enterprises in building 

in-ƘƻǳǎŜ ǊŜǎŜŀǊŎƘ ŎŀǇŀŎƛǘȅ ŀƭƻƴƎ ǿƛǘƘ άŎƻƭƭŀōƻǊŀǘƛƴƎ ǿƛǘƘ 

knowledge institutions to pursue market-relevant research 

ǘƘǊƻǳƎƘ Ƴǳǘǳŀƭƭȅ ŘŜŎƛŘŜŘ ŀƎǊŜŜƳŜƴǘǎέ ό5{¢Σ нлнлΣ ǇΦнлύΦ 

Some automotive clusters have developed in locations like 

Chennai and Kolkata for historical reasons, while the other 

two clusters have come up due to easy geographical access 

and government policies. 

4.2 Global vs. Indian Technology 

Trajectories 

A Historical Perspective 

Though cars were seen on Indian roads through the 1930s, 

they were imports as the Indian automotive industry only 

emerged in the 1940s. In 1942 Hindustan Motors was 

launched, closely followed by its competitor, Premier, in 

1944. These two companies dominated the domestic 

market for more than four decades. 

The evolution of the Indian automotive industry can be 

summarised28 as follows: 

1950 to 1980s 

· Supply-driven market, limited models and designs. 

· Emphasis on indigenisation of parts and assemblies. 

· Focus on petrol and diesel. 

1990s 

· Shift from mere indigenisation to efficiency and better 

designs. 

· Launch of an automobile policy, facilitating the entry 

of global assemblers. 

· Emphasis on making fuel-efficient cars along with the 

availability of imported parts and designs. 

Early 2000 

· Fully delicensed and 100% FDI allowed. 

· Focus on making India a part supplier in the global 

supply chain. 

· Shift to a demand-driven domestic market. 

½½½½½½½½½½½½½½½½½½ 
28  White Paper - Automotive Industry: http://dcmsme.gov.in/white_paper/1.%20Whitepaper- Automotive%20Sector-Year%201.pdf  

· Introduction of robots and new manufacturing 

techniques on the factory floor. 

2010 onwards 

· Focus on making India the global automobile 

manufacturing hub. 

· Increasing focus towards EVs and hybrids. 

· Introduction of new materials and emergence of 

indigenous design capability. 

Initially, the industry focused on importing technology from 

mainly European countries, starting from the assembly of 

automobiles, followed by government-enforced 

localisation to a full-scale manufacturing boost and export. 

The Tariff Commission (1955), which created the licensing 

regime, led many foreign car manufacturers, like Ford and 

GM, to leave the country. Although this policy is criticised 

for the slow growth of the sector (CAGR at 3.5% from 1959 

to 1980), it insulated the local market from foreign 

competition and allowed them assured growth. 

However, the improvement in technological capabilities of 

firms in developing countries results from both in-house 

R&D efforts and foreign technology imports. The protection 

policy did encourage the acquisition of basic production 

capabilities; however, it did not equip the firms with the 

coordination capabilities necessary for survival in a 

competitive environment. This changed with the 

introduction of foreign direct investment (FDI) in the sector 

in 1983. Suzuki and the Government of India formed the 

joint venture Maruti-Suzuki with a focus on localisation, 

which led to the creation of a chain of world-class 

ŎƻƳǇƻƴŜƴǘ ǎǳǇǇƭƛŜǊǎΦ ¢ƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ǘŀǊƎŜǘ ǘƻ ƎŜǘ ǘƘŜ 

first modeƭΣ άaŀǊǳǘƛ уллέΣ фо% localised within five years 

led Maruti-Suzuki to develop local vendors from scratch 

(Kale, 2011). As more domestic firms created joint ventures 

with Japanese and US automotive companies, the influx of 

foreign technology along with capital 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 

forced to increase their R&D spending to modify their 

designs to local needs, source components from local 

suppliers, and validate all parts for Indian standards 

(Narayanan, 1998). 

During the 1990s, the government allowed 100% FDI in the 

sector. International firms saw India as a market for growth 

as the international auto market was slowing down during 

this time. Along with these firms came international 

component manufacturers resulting in increased quality 

and reliability. The impact of FDI on increased productivity 

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
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and competitiveness has ensured that benefits accrue to 

consumers and labour. Some local assemblers went out of 

business because of the competition, and others entered 

into joint ventures with foreign firms to keep afloat. 

Many manufacturers now adhere to global norms regarding 

emission/technology standards. They achieved significant 

success in garnering engineering capabilities and adapted 

to local requirements through local design. Indian firms like 

Maruti-Suzuki started to move towards their own designs 

ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ŎŀǇŀōƛƭƛǘƛŜǎΦ ¢ŀǘŀ aƻǘƻǊǎ ƭŀǳƴŎƘŜŘ LƴŘƛŀΩǎ 

fƛǊǎǘ ƛƴŘƛƎŜƴƻǳǎƭȅ ŘŜǎƛƎƴŜŘ ŎŀǊΣ άLƴŘƛŎŀέΣ ƛƴ мффуΤ aŀƘƛƴŘǊŀ 

ŀƭǎƻ ƭŀǳƴŎƘŜŘ ά{ŎƻǊǇƛƻέ ƛƴ нллнΣ ŀƴ ƛƴ-house development 

effort. With its potential to build low-cost quality products, 

India now edges over many other developing countries in 

the automotive sector. The Indian automotive firms, along 

with component makers, have come to the same level of 

innovation, quality, and reliability as their international 

counterparts29. 

4.3 Moving Forward 

The Indian automotive sector has long been a stable 

industry with predictable ups and downs. What it is 

currently seeing has been previously seen in the US, 110 

years back, with Henry Ford setting-up the assembly line. It 

can be termed the first inflection point in automotive 

history. At that time, EVs had a 38% market share in the US, 

which was slowly declining due to ICE vehicles. EVs lost out 

due to the increased reliability of internal combustion 

engines and shorter refueling times. This time it is the ICE 

vehicles on the losing side. 

²ƘƛƭŜ CƻǊŘΩǎ άaƻŘŜƭ ¢έ ōǊƻǳƎƘǘ Ƴƻōƛƭe transportation to 

the masses, the trade-offs also came along with it. Air 

pollution, CO2 emissions, traffic accidents, and traffic 

congestion. The global automotive disruption we are seeing 

today was years in the making. Rising temperatures, fossil 

fuel depletion, and the move towards smart cities and 

transportation, along with multiple breakthrough 

technologies made the industry push innovation 

boundaries and find new solutions. What we will see in the 

future may be termed the second inflection point in the 

illustrious history of the automobile. 

Redefining Mobility  

¢ƘŜ ŀǳǘƻƳƻōƛƭŜ ǿŀǎ ƴŜǾŜǊ ŀ ΨƳŜǘŀƭ ōƻȄΩΣ ƛǘ ŀƭǿŀȅǎ 

integrated mechanical, electrical, and chemical 

technologies, and, later included software. Today a car is a 

computer on wheels, moving forward, it will become a data 

centre and then, ultimately, a component of the more 

extensive mobility network. The four major disruptive 

trends the industry is moving towards currently are known 

by the acronym ACES ς autonomous, connected, electric, 

and shared. According to a McKinsey's report, more than 

US$ 200 billion has been invested by OEMs, component 

makers, and startups in ACES technologies since 2010. This 

paved the way for the transportation revolution along with 

the conventional jobs associated with them. Here is a 

summary of ACES.

 

Autonomous Vehicles 

FIGURE 11: Levels of autonomous driving 

 

½½½½½½½½½½½½½½½½½½ 
29  Research-driven (2016) Business Today: https://www.businesstoday.in/magazine/features/story/indian-automakers-are-focusing-hard-on-r-and-d-63613- 
2016-05-03  
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The journey that started as a technology to help humans 

drive a vehicle has now transformed into eliminating the 

driver from it. The Society of Automotive Engineers (SAE) 

charaterises this autonomy into 5 levels from level 0 (full 

driver control) to level 5 (no driver control). 

Traditional automakers and technology startups are 

investing in the creation of autonomous-driving 

technology. OEMs across the world are adding incremental 

autonomous functions with each facelift of the model as 

technology and infrastructure improve over time. If 

autonomous driving takes off in a big way, with supportive 

regulations, up to 15% of all new vehicles sold globally in 

2030 could be fully autonomous (McKinsey, 2016). 

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 

intelligence (AI) into their autonomous systems to reduce 

traffic casualties. The Indian Institute of Technology (IIT) 

aŀŘǊŀǎΩ ǊŜǎŜŀǊŎƘŜǊǎ ŀǊŜ ŀƭǎƻ ǿƻǊƪƛƴƎ ƻƴ ŎǊŜŀǘƛƴƎ ōƛƻ-

inspired neural networks to replicate human decisions 

during driving (Kumar, 2020). Several prominent Indian 

manufacturers have also launched vehicles with level 2 

autonomous technology, with many more expected to 

follow suit. 

Connected Vehicles 

Automobiles today are also connected to the internet, with 

ongoing research to connect them to each other. Today the 

driver can get personalised in-car entertainment content 

along with optimised traffic routes according to traffic and 

weather conditions. In the future, it is expected that cars 

could talk to each other along with traffic lights to allow 

safer travel with shorter commute times. 

Connected ecosystems are expanding fast in India, with 

manufacturers deploying on-board diagnostic (OBD)-based 

connected car solutions, fleet telematics and vehicle 

navigation. 

Electric Mobility 

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. 

½½½½½½½½½½½½½½½½½½ 
30  Indian auto industry 2.0 - grant Thornton Bharat: https://www.grantthornton.in/globalassets/1.- member-
firms/india/assets/pdfs/indian_auto_industry_2.0.pdf  
31  Global EV sales for 2022 H1 EV: https://www.ev-volumes.com/  
32  Vehicle-as-a-service: Deloitte Deutschland: https://www2.deloitte.com/de/de/pages/consumer-industrial-products/articles/vehicle-as-a-service.html  
33  The unexpected trip: The future of mobility in India beyond covid-19 (2020). McKinsey & Company: https://www.mckinsey.com/industries/automotive-
and-assembly/our-insights/the- unexpected-trip-the-future-of-mobility-in-india-beyond-covid-19  

Adoption rates for EVs across the world have increased 

significantly, with most countries expecting them to 

constitute 40 ς 50% of total vehicle sales by 2030. A major 

reason for this rekindled interest is the disruption in battery 

technology. Battery costs for 35-50% of the EV cost. Battery 

costs have come down from US$ 1000/KWh in 2007 to US$ 

200/KWh in 2020. In addition to costs, there have been 

improvements in battery safety, lifespan, and energy 

density. Newer battery chemistries that involve 

magnesium, sodium, or lithium-sulfur, with the potential to 

outperform lithium-ion batteries, are increasingly tested30. 

Research is also being conducted in battery swapping which 

could end the range anxiety and recharging time problem. 

Globally, BYD, a Chinese corporation, leads the sales of EVs 

and plug-in 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 units31. 

Shared Mobility 

Rapid urbanisation, the lack of proper city planning, and 

congested roads, along with the rise in the cost of owning a 

car have led to the rise of various cab aggregators like Uber, 

Lyft, Ola and DiDi. Along with this, major automobile 

companies around the globe are also starting car leasing 

programmes, or cars as a service (CaaS), to tap into new 

areas of growth32. While currently the per km cost of these 

services is still greater than owning a car, it is expected that 

the rise of electric vehicles and improvement in 

autonomous driving could make way for robotaxis. 

In India, many tech startups are directly working with 

automotive manufactures to introduce EV and ICE vehicles. 

Along with this many industry giants are funding carpooling 

startups. For two-wheeler vehicles, cases include last-mile 

delivery like Zomato and Blinkit whereas for three-wheeler 

and four-wheeler vehicles, passenger mobility is the largest 

demand driver33. 

4.4 Electric Vehicles and the Case of 

India  

According to India Energy Storage Alliance (IESA), the Indian 

EV market is expected to 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 two- and three-

wheelers. The Government of India has introduced 

production linked incentive (PLI) schemes of INR 18,100 

https://www.grantthornton.in/globalassets/1.-member-firms/india/assets/pdfs/indian_auto_industry_2.0.pdf
https://www.grantthornton.in/globalassets/1.-member-firms/india/assets/pdfs/indian_auto_industry_2.0.pdf
https://www.grantthornton.in/globalassets/1.-member-firms/india/assets/pdfs/indian_auto_industry_2.0.pdf
https://www.ev-volumes.com/
https://www2.deloitte.com/de/de/pages/consumer-industrial-products/articles/vehicle-as-a-service.html
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-unexpected-trip-the-future-of-mobility-in-india-beyond-covid-19
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-unexpected-trip-the-future-of-mobility-in-india-beyond-covid-19
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-unexpected-trip-the-future-of-mobility-in-india-beyond-covid-19
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crore to boost local manufacturing of advanced chemistry 

cells to bring down their prices34. To boost EV demand, 

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

άCŀǎǘŜǊ !ŘƻǇǘƛƻƴ ŀƴŘ aŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ IȅōǊƛŘ ŀƴŘ 9ƭŜŎǘǊƛŎ 

±ŜƘƛŎƭŜǎέ όC!a9 LLύ ǎŎƘŜƳŜΦ Curthermore, the government 

is also working towards setting-up charging stations in 

22,000 out of 70,000 petrol pumps across the country35. 

Many technology startups in India are also working on 

battery-swapping technology36 and EV conversion kits. 

These conversion kits can convert an ICE vehicle to EV for 

as low as INR 4 lakh. Many Indian manufacturers have 

launched EVs at a slightly higher price point competitive to 

their ICE counterparts. While these EVs are based on their 

ICE counterparts, work is being done to create EV-specific 

platforms. 

Higher education institutes in the country are also 

collaborating with the industry to work towards improving 

the battery energy density, recycling of Li-ion batteries, 

new algorithms for better battery utilisation and improving 

charging infrastructure. Most IITs have started new centres 

and programmes specifically designed for EVs. Such 

research collaborations and programmes are expected to 

help the industry by bringing down the costs of these 

technologies. At the same time, academia will gain by 

improving their research outcomes and creating a skilled 

workforce.

 

FIGURE 12: Bill of materials for an ICE vehicle compared to a battery EV 

 

½½½½½½½½½½½½½½½½½½ 
34  Invest in Indian Electric Mobility Industry. FDI & Companies: https://www.investindia.gov.in/sector/automobile/electric-mobility  
35  India, P.T.of (2021) Work on to set-up EV charging stations at 22,000 petrol pumps across India: Centre, NDTV: https://www.ndtv.com/india-news/work-on-
to-set-up-ev-charging-stations-at-22- 000-petrol-pumps-across-india-centre-2636279  
36  EVreporter (2021) List of battery swapping solution providers in India: https://evreporter.com/battery-swapping-solution-providers-in-india/  
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In light of these developments, critical challenges for the 

Indian automotive 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 

shape for 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 OEMs 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 

from additional requirements on the current power 

grid, as most of these personal EVs would be charged 

at home. 

4.5 LƴŘƛŀΩǎ IȅŘǊƻƎŜƴ CǳŜƭ /Ŝƭƭ tƛƭƻǘ 

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 fast-charging EVs. It is 

less capital intensive than those fast chargers and takes up 

less space. The only by-product of a hydrogen cell-powered 

vehicle is H2O. 

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 

personal vehicle use but suitable for heavy commercial 

vehicles for long distances with a heavy payload37.

 

FIGURE 13: Refuelling comparison of hydrogen fuel cell with BEV 

 

The Indian government has started a pilot project in 

collaboration with Toyota Kirloskar Motors to test the 

technology for Indian roads and climate conditions38. 

Furthermore, the government has also instructed the public 

sector company National Thermal Power Corporation 

(NTPC) to start hydrogen fuel cell-powered buses from 

Delhi to Jaipur. 

½½½½½½½½½½½½½½½½½½ 
37  McKinsey & Company. The trends transforming mobility's future (2019) McKinsey & Company: https://www.mckinsey.com/industries/automotive-and-

assembly/our-insights/the-trends-transforming-mobilitys- future  
38  Moneycontrol. Toyota Mirai: India's first hydrogen fuel cell vehicle is here: https://www.moneycontrol.com/news/business/indias-first-hydrogen-fuel-cell-
vehicle-is-here-8245151.html  

The Traditional Factory Floor  

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 the first machines that 

mechanised some of the work. Subsequently, there was a 
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https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-trends-transforming-mobilitys-future
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move towards electricity and assembly lines, before 

computers and robots replaced them. Industry 4.0 connects 

these computers and robots with minimal human support. 

Industry 4.0 has highly intelligent connected systems that 

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. 

4.6 Eight Key Technologies That 

Make Up the Foundation of Industry 

4.039, 40 

Big Data 

5ŀǘŀ ƛǎ ǘƘŜ ƴŜȄǘ ōƛƎ ǘƘƛƴƎ ƛƴ ǘƻŘŀȅΩǎ ŎƻƴƴŜŎǘŜŘ ǿƻǊƭŘΦ ¢ƻŘŀȅ 

all the systems produce data, and too much data makes it 

difficult to extract useful information that can lead to 

intŜƭƭƛƎŜƴǘ ŀƴŀƭȅǎƛǎΦ Ψ.ƛƎ 5ŀǘŀ ŀƴŀƭȅǘƛŎǎΩ ŜƴŀōƭŜ ŜȄǘǊŀŎǘƛƴƎ 

useful information for individual components and their 

operating restrictions to prevent any future failure. The 

analysis of data produced by the machines can help better 

job scheduling and estimate losses, if there are any. 

Automotive companies can use the data generated by ECUs 

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.  

Cloud Computing 

The cloud is currently being employed in the industry to roll 

out faster over-the-air (OTA) updates, better and 

distributed computing, and faster delivery options than 

standalone systems. With continuous improvements in 

technology, machine learning and increased functionality, 

more and more industries will be moving to the cloud. 

Various automotive manufacturers have already integrated 

the machine learning-based in-car infotainment solutions in 

their model along with OTA updates for driver assistance 

systems.  

Internet of Things (IoT) 

The IoT is the key technology of Industry 4.0 which 

interconnects the machine and computers. It allows 

seamless data transfer and wireless control of devices with 

minimal human intervention. Advancements in wireless 

communication technologies like WiFi 6 and 5G made it 

possible for machines to talk with each other with minimal 

latency. As the 5G infrastructure in India develops, so will 

the market for the IoT. Manufacturers around the world are 

moving towards using autonomous robots in 

½½½½½½½½½½½½½½½½½½ 
39  IBM. What is Industry 4.0 and how does it work? https://www.ibm.com/in-en/topics/industry-4-0  
40  SAP. What is Industry 4.0? Definition & Technologies: SAP insights: https://www.sap.com/india/insights/what-is-industry-4-0.html  

manufacturing, with advancements in IoT and integration 

of various Industry 4.0 technologies, a fully autonomous 

factory floor could be achieved.  

Simulation 

Simulation helps in understanding how the operation will 

pan out in different scenarios. Once the ideal scenario is 

found, cost-effective solutions can be developed, tested, 

and brought to market with reduced time and cost. 

Industries worldwide use simulation for tasks such as 

estimating the total production time and material 

requirement.  

Autonomous Robots 

These robots are used to automate various tasks across the 

factory floor and are powered by the IoT. These robots can 

be used to transport material around the factory floor in a 

coordinated way while being connected to the central 

server.  

Augmented Reality 

Augmented reality (AR) gives humans new ways to interact 

with the machine along with providing real- time 

information. It is used for various tasks, from faster repairs 

on the consumer end to training personnel under 

challenging environments. 

Cyber Security 

!ǎ ƳŀŎƘƛƴŜǎ ōŜŎƻƳŜ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ άǘƘŜ 

ŎƭƻǳŘέΣ ǘƘŜ ǎŜŎǳǊƛǘȅ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜǎŜ ŎƻƴƴŜŎǘƛƻƴǎ ŀǊŜ 

of paramount importance for trouble-free operation. The 

development in connected and autonomous cars have also 

raised the debate on passenger safety and data privacy. 

Being autonomous and connected to a central server, these 

vehicles are prone to cyber-attacks which can not only harm 

the passengers but also lead to traffic congestions (in large 

metropolises).  

Additive Manufacturing 

Additive manufacturing is beneficial for small-batch 

production and personalised products. It provides the 

supplier with improved design, increased performance, 

flexibility and cost-effectiveness which is difficult to achieve 

using traditional manufacturing methods. Currently 

additive manufacturing is very slow compared to the 

traditional manufacturing processes used in the 

automotive industry, hence they are not widely used. But 

many luxury auto manufacturers are utilising the 

technology to personalise their offerings according to 

customer specifications. 

https://www.ibm.com/in-en/topics/industry-4-0
https://www.sap.com/india/insights/what-is-industry-4-0.html
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4.7 India and Industry 4.0  

According to the 2016 World Economic Forum (WEF) 

research, India ranked 91 out of 139 countries in the 

Network Readiness Index. After that, the Government of 

LƴŘƛŀΩǎ ά5ƛƎƛǘŀƭ LƴŘƛŀέ ƛƴƛǘiative helped the country climb up 

30 slots to 61st place, as per the Network Readiness Index 

202241.The current report also states that India has secured 

мǎǘ ǇƭŀŎŜ ƛƴ ά!L ǘŀƭŜƴǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴέ ŀƴŘ рǘƘ ǇƭŀŎŜ ƛƴ ά!L 

ǎŎƛŜƴǘƛŦƛŎ ǇǳōƭƛŎŀǘƛƻƴǎέ42 If the Indian manufacturing 

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 (IIoT), additive 

manufacturing, 3-D sensors, augmented reality and 

location awareness. 

Major Indian states have started initiatives to usher into 

Industry 4.0. The Andhra Pradesh government has initiated 

an IoT policy which aims to build 10 IoT hubs along with the 

participation of 100 IoT companies to set-up manufacturing 

and research hubs in the state43. 

The Indian Institute of Science (IISc) is working with The 

Boeing Company to set-ǳǇ LƴŘƛŀΩǎ ŦƛǊǎǘ ǎƳŀǊǘ ŦŀŎǘƻǊȅ ƛƴ 

Bengaluru. The factory will include smart sensors and data 

exchange combined with the IoT to move from automation 

to autonomy. Bajaj Auto has introduced 100-мнл άŎƻōƻǘǎέ 

to assist humans in their tasks, Maruti-Suzuki uses 

approximately 1700 robots in its five assembly lines and 

Hyundai has 400 robots in their Sriperumbudur plant to 

reduce labour costs. 

!ǇŀǊǘ ŦǊƻƳ ǘƘƛǎΣ ǘƘŜ LƴŘƛŀƴ ƎƻǾŜǊƴƳŜƴǘ Ƙŀǎ ǎǘŀǊǘŜŘ ŀ ά.ƛƎ 

5ŀǘŀ LƴƛǘƛŀǘƛǾŜέ ǘƻ ōǳƛƭŘ ŀ ǎǳǎǘŀƛƴŀōƭŜ ŜŎƻǎȅǎǘŜƳ ǘƘŀǘ 

creates strong partnerships between industry and 

government44. The initiative aims to define a strategic 

roadmap outlining the roles of various stakeholders in the 

economy and the outcome for the next decade. 

Industry 4.0 presents tremendous opportunities for growth 

and advancement of the Indian automotive sector. India 

will need to augment its workforce 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 chapter offers a review of initiatives undertaken 

by the Government of India to enable innovation and usher 

in the new era.

 

  

½½½½½½½½½½½½½½½½½½ 
41  Network Readiness Index 2022: https://networkreadinessindex.org/  
42  Sourced from: https://pib.gov.in/PressReleasePage.aspx?PRID=1877303#:~:text=India%20has%20improved%20its%20position,NRI%202022)  
43  Andhra Pradesh first to have IOT policy, Deccan Chronicle: https://www.deccanchronicle.com/nation/current-affairs/030316/andhra-pradesh-first-to-have-
iot-policy.html  
44  Big data initiative, Department of Science & Technology, Department of Science: https://dst.gov.in/big-data-initiative-1  

https://networkreadinessindex.org/
https://pib.gov.in/PressReleasePage.aspx?PRID=1877303#:~:text=India%20has%20improved%20its%20position,NRI%202022
https://www.deccanchronicle.com/nation/current-affairs/030316/andhra-pradesh-first-to-have-iot-policy.html
https://www.deccanchronicle.com/nation/current-affairs/030316/andhra-pradesh-first-to-have-iot-policy.html
https://dst.gov.in/big-data-initiative-1
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In many ways the Indian automotive industry has been 

ǎƘŀǇŜŘ ōȅ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ƛƴŘǳǎǘǊƛŀƭ ǇƻƭƛŎȅ ŀƴŘ ƴǳǊǘǳǊŜŘ 

in the microeconomic environment it helped to create 

(Miglani, 2019). It has evolved through policy regimes 

characterised by an era of protectionism (1950-1983), 

deregulation (1983-1993) and liberalisation (post-1993). In 

addition to direct impact through fiscal policy instruments, 

the industrial policy also contributed to the development of 

innovation and technological capabilities at the firm level 

(Kale, 2012). The liberal policies of the 1990s exposed 

automotive firms to new competitors and encouraged 

them to innovate and acquire advanced technology 

through partnerships and investments in research and 

development (R&D). At the same time, the industrial policy 

protected domestic firms by imposing local content 

requirements that led to the development of basic 

capabilities in automotive manufacturing and laid the 

foundations of the auto-component industry (Kale, 2012). 

!ǎ ǇŀǊǘ ƻŦ LƴŘƛŀΩǎ ǘǊŀƴǎƛǘƛƻƴ ŦǊƻƳ ŀ ŎƭƻǎŜŘ ǘƻ ŀƴ ƻǇŜƴ 

economy, the government opened up the automotive 

sector to Foreign Direct Investment (FDI) in the 1990s and 

also progressively relaxed import barriers (McKinsey, 

2006). In keeping with the view that FDI generates positive 

ǎǇƛƭƭƻǾŜǊǎ ŦƻǊ ƭƻŎŀƭ ŦƛǊƳǎΣ LƴŘƛŀΩǎ ǇƻƭƛŎȅ ŀǇǇǊƻŀŎƘ Ƙŀǎ ōŜŜƴ 

to attract FDI to serve the local market and to impose local 

content requirements to stimulate assembly as well as the 

local supply base (Ray and Miglani, 2018). This determined 

thrust towards indigenisation is considered a key policy 

measure responsible for enhancing technological 

capabilities in the automotive sector (Sagar and Chandra, 

2004).  

A lot has happened in the automotive sector post 

liberalisation, and it has emerged as a sunrise sector in the 

Indian economy. The past decade has witnessed policies 

and initiatives launched to support Industry 4.0 and green 

mobility. The Government of India and the Indian 

automotive industry articulated their collective vision for 

the future of the Indian automotive sector through 

automotive mission plans spread over two decades that 

seek to define the path of the evolution of the automotive 

industry in India. Moreover, many analogous policies were 

launched in parallel that supported the growth of the 

automotive sector in multiple ways.  

Explained below are the core policies of the automotive 

sector in India that are addressed in turn, along with the 

supporting policies that have a bearing on the Indian 

automotive sector.  

5.1 Core Policies of the Indian 

Automotive Sector  

Automotive Mission Plan 2006-2016 (AMP 2016) 

With the intention of increasing the manufacturing output 

ŀƴŘ ŜƳǇƭƻȅƳŜƴǘ ƛƴ ǘƘŜ ǎŜŎǘƻǊΣ ǘƘŜ ά!ǳǘƻƳƻǘƛǾŜ aƛǎǎƛƻƴ 

Plan 2006-мсέ ό!at 2016) was the foremost sector-specific 

plan released on a pan-LƴŘƛŀ ǎŎŀƭŜΦ ¢ƘŜ ά!at нлмс ǿŀǎ ǘƘŜ 

outcome of a protracted in-depth dialogue with all 

stakeholders (industry, academia, authorities) over a period 

ƻŦ ŦƛŦǘŜŜƴ ƳƻƴǘƘǎέ ό5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀǾȅ LƴŘǳǎǘǊȅ ό5ILύΣ 

2006; p. ix). The key objectives of the AMP 2016 were as 

follows:  

· To establish India as a key player in the manufacture 

and export of two-, three-wheelers, tractors and more 

importantly, auto components.  

· To provide favorable investment opportunities and 

appropriate tariff policy for the automobile sector.  

· To integrate automation and IT in manufacturing and 

to promote infrastructure development in the auto 

clusters.  

· To facilitate the expansion of domestic demand and to 

encourage exports.  

· To support development of R&D and incentivise 

modernisation of the sector.  

· To undertake labour reforms and ensure the 

availability of trained manpower.  

· To create world class infrastructure for testing, 

certification, ŀƴŘ ƘƻƳƻƭƻƎŀǘƛƻƴ ǳƴŘŜǊ ǘƘŜ άbŀǘƛƻƴŀƭ 

!ǳǘƻƳƻǘƛǾŜ ¢ŜǎǘƛƴƎ ŀƴŘ wϧ5 LƴŦǊŀǎǘǊǳŎǘǳǊŜ tǊƻƧŜŎǘέ 

(NATRiP).  

The government states that the AMP 2016 had many of its 

objectives/targets completed (DHI, 2016). It achieved its 

target of generating an incremental 25 million jobs as well 

as the sales target (number of units sold) of commercial and 

ǇŀǎǎŜƴƎŜǊ ǾŜƘƛŎƭŜǎΦ LƴŘƛŀΩǎ ŜƳŜǊƎŜƴŎŜ ŀǎ ŀ Ǝƭƻōŀƭ Ƙǳō ŦƻǊ 

small cars is one of the key accomplishments of the AMP 

2016 (DHI, 2016). Apart from that, the sector achieved a 

significant quantum of investments from global and local 

Original Equipment Manufacturers (OEMs) as well as 

component manufacturers, exceeding the target of INR 1.5 

lakh crore (DHI, 2016).  

Despite these accomplishments, the AMP 2016 faced two 

main challenges that were taken into consideration while 

tƻƭƛŎȅ [ŀƴŘǎŎŀǇŜ 
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ŘǊŀŦǘƛƴƎ ƛǘǎ ǎǳŎŎŜǎǎƻǊΣ ǘƘŜ ά!at нлмс-нсέ ό!at нлнсύΦ ¢ƘŜ 

first challenge pertained to the low involvement of 

government bodies and institutions at all levels (central, 

state and local) in the implementation of the AMP 2016 and 

the lack of coordination among them. Secondly, the AMP 

2016 was positioned as a document primarily meant for the 

manufacturers and not positioned with other interest 

groups or stakeholders in mind, which is why the AMP 2026 

seeks to be more inclusive by design than its predecessor 

(DHI, 2016).  

Automotive Mission Plan 2016-26 (AMP 2026) 

¢ƘŜ ά!at нлнс ±ƛǎƛƻƴ {ǘŀǘŜƳŜƴǘέ ŀƴƴƻǳƴŎŜǎ ǘƘŀǘ ǘƘŜ 

Indian automotive industry will be among the global top 

three in the fields of engineering, manufacturing, and 

exports by 2026, encompassing the promotion of safe, eco-

friendly, and affordable mobility for the majority (DHI, 

нлмсύΦ ¢ƘŜ άCƛƴŀƭ 5ǊŀŦǘέ ŘƻŎǳƳŜƴǘ ǊŜƭŜŀǎŜŘ ōȅ ǘƘŜ 

Government of India in January 2016 for the next phase of 

the automotive mission plan lists the core objectives of the 

AMP 2026 as given below:  

· To propel the Indian automotive industry to be the 

ŜƴƎƛƴŜ ƻŦ ǘƘŜ άaŀƪŜ ƛƴ LƴŘƛŀέ ǇǊƻƎǊŀƳƳŜΦ  

· To make the Indian automotive industry a significant 

ŎƻƴǘǊƛōǳǘƻǊ ǘƻ ǘƘŜ ά{ƪƛƭƭ LƴŘƛŀέ ǇǊƻƎǊŀƳƳŜ ŀƴŘ ƳŀƪŜ ƛǘ 

one of the biggest drivers of employment creation in 

the country.  

· To enhance mobility keeping in mind the 

environmental protection and affordability aspects.  

· To become one of the major automotive export hubs 

of the world.  

· To promote comprehensive and stable policy 

dispensation for all regulations and policies that 

govern the auto sector.  

¢ƘŜ ά!at нлнс ǎŜŜƪǎ ǘƻ ŘŜŦƛƴŜ ǘƘŜ ǘǊŀƧŜŎǘƻǊȅ ƻŦ ǘƘŜ 

evolution of the automotive ecosystem in India including 

the glide path of specific regulations and policies that 

govern research, design, manufacturing, technology, 

import/export sales, use, repair and recycling of 

automotive vehicles, components and its ancillarȅ ǎŜǊǾƛŎŜǎέ 

(DHI, 2016; p. vii). It emphasises that all regulations and 

policies impacting the sector should be comprehensive in 

scope and scale and should be implemented harmoniously 

ŀŎǊƻǎǎ ǘƘŜ ƴŀǘƛƻƴΦ ¢ƘŜ !at нлнс ƳŀƴŘŀǘŜǎ ǘƻ άǇƻǎƛǘƛƻƴ 

itself as the guiding document for all institutions that frame 

policies impacting the manufacture and use of automotive 

ǇǊƻŘǳŎǘǎ ƛƴ LƴŘƛŀέ ό5ILΣ нлмсΤ ǇΦ ȄƛύΦ Thus, it recommends 

interventions in policy areas (with relevance to the 

automotive sector) such as investments and trade, tariffs, 

trade agreements, fiscal and taxation measures, exports, 

environment protection and global competitiveness. It 

purports to make inputs to supporting policies of the 

Government of India that have a huge impact on the growth 

and well-being of the automotive industry (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 domestic capacity 

creation of imported items such as automotive electronics 

in order to boost local manufacturing and to support the 

Make in India initiative. Though it welcomes the thrust 

ƎƛǾŜƴ ǘƻ ǇǊƻƳƻǘŜ ŜȄǇƻǊǘǎ ƛƴ ǘƘŜ άCƻǊŜƛƎƴ ¢ǊŀŘŜ tƻƭƛŎȅ нлмр-

нлέ ōȅ ǿŀȅ ƻŦ Ŏƻƴǎƻlidation of various export promotion 

schemes and further simplification of procedures, it also 

calls for an additional duty drawback to be given to both 

vehicle and auto component exports. In doing so, it aims to 

improve the export potential of the automotive sector. 

Considering the competitive nature of the sector, the AMP 

2026 suggests that Free Trade Agreements should only be 

signed with countries that do not have a significant 

automotive production base. Such inputs are expected to 

ensure that the automotive industry in India is subjected to 

a fair and predictable governing environment (DHI, 2016).  

The Indian automotive sector needs adequate fiscal 

support, and this can be in the form of lower taxes, 

weighted tax deduction for R&D expenditure and 

accelerated 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 

area of environmental protection and safety, the AMP 2026 

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 along 

with monitoring and enforcement agencies to check the 

proliferation of spurious components. It supports the 

implementation of an appropriate inspection and 

certification policy along with establishing necessary 

infrastructure across the nation. Lastly, tƘŜ ά!at нлнс 

envisages that the government and the Indian automotive 

industry will work together to address all the key issues to 

take India to its rightful position in the global automotive 

ƛƴŘǳǎǘǊȅΩǎ ǎǿŜŜǇǎǘŀƪŜǎέ ό5ILΣ нлмсΤ ǇΦ спύΦ  

National Automotive Policy (NAP) 2018 

/ƻƳǇƭŜƳŜƴǘŀǊȅ ǘƻ ǘƘŜ !at нлнсΣ ǘƘŜ άbŀǘƛƻƴŀƭ 

!ǳǘƻƳƻǘƛǾŜ tƻƭƛŎȅέ όb!t нлмуύ Ƙŀǎ ōŜŜƴ ŘǊŀŦǘŜŘ ōȅ ǘƘŜ 5IL 

(on the lines of the NAP 2002) for the holistic development 

of the automobile sector in India through a comprehensive 

policy framework. With the objectives mainly aligned with 

the AMP 2026, it identified five key areas for policy 
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intervention, namely: a) innovation and R&D, b) vehicle 

manufacturing, c) components manufacturing, d) green 

mobility and lastly, e) an enabling ecosystem for the 

achievement of the policy objectives. Though it envisions 

the growth of the industry as per the goals set out in the 

AMP 2026, it prescribes policy guidelines specific to 

automotive value chain focus areas to address the issues 

faced by different stakeholders. Another unique aspect of 

the draft NAP 2018 is that it seeks to establish an 

automotive ombudsman to strengthen the grievance 

redressal system with an emphasis on quality and 

compliance standards. Effective implementation of any 

policy requires coordination among government bodies. 

The NAP 2018 proposes the formation of a nodal body for 

the industry to act as a consultative agency for all ministries 

engaged in the formulation of automotive-related policies 

and regulations. The body will be responsible for reviews 

ŜǾŜǊȅ ŦƻǳǊ ȅŜŀǊǎ ŀƴŘ ǊŜŎƻƳƳŜƴŘ ŎƻǳǊǎŜ ŎƻǊǊŜŎǘƛƻƴǎΦ άLǘ ǿƛƭƭ 

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 proposed nodal body will be a two-tiered 

structure with an apex body supported by the National 

!ǳǘƻƳƻǘƛǾŜ /ƻǳƴŎƛƭ όb!/ύΦέ ό5ILΣ нлмуΤ ǇΦ нфύΦ  

National Electric Mobility Mission Plan  

(NEMMP) 2020 

The growth of the automotive industry poses the key 

challenges of rising energy costs, increasing oil import bills, 

and faster depletion of traditional energy sources, among 

ƻǘƘŜǊǎΦ ¢ƘŜ ƭŀǳƴŎƘ ƻŦ ǘƘŜ άbŀǘƛƻƴŀƭ 9ƭŜŎǘǊƛŎ aƻōƛƭƛǘȅ 

aƛǎǎƛƻƴ tƭŀƴ нлнлέ όb9aatύ ǿŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ 

plan to mitigate these challenges and reduce the impact of 

mobility on the environment (DHI, 2013). In accordance 

with the objectives of the AMP 2016, the NEMMP promotes 

the sales and manufacturing of electric vehicles through 

various reforms. To boost its Make in India initiative, the 

government planned to make the electric vehicles market 

in India self-sustaining. Accordingly, the DHI formulated the 

άC!a9 όCŀǎǘŜǊ !ŘƻǇǘƛƻƴ ŀƴŘ aŀƴǳŦŀŎǘǳǊƛƴƎ ƻŦ όIȅōǊƛŘ ϧύ 

9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜǎ ƛƴ LƴŘƛŀύέ scheme aimed at making xEV 

(hybrid and electric vehicles) self-sustaining by increasing 

domestic capabilities for product and technology 

development. It proposed a slew of measures to achieve 

the objectives of the NEMMP. Phase I of the FAME scheme, 

under the ambit of the NEMMP, was launched on 1st April 

2015. It promoted manufacturing and encouraged the 

buying of reliable, efficient, and more importantly, 

affordable electric/hybrid vehicles to ensure sustainable 

growth. Initially launched for a period of 2 years, it was 

subsequently extended to 31st March 2019. Phase I had 

½½½½½½½½½½½½½½½½½½ 
45  Sourced from: https://www.makeinindia.com/sector/automobiles 

four focus areas, namely: (i) demand creation, (ii) 

technology platform, (iii) pilot project and (iv) charging 

infrastructure. ²ƘƛƭŜ tƘŀǎŜ L ǿŀǎ ǎǘƛƭƭ ƻƴƎƻƛƴƎΣ ŀ ά5ǊŀŦǘ ¢ŀȄƛ 

tƻƭƛŎȅέ ŦƻǊ ǘƘŜ ǇǊƻƳƻǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ 

was introduced by the Ministry of Road Transport and 

Highways (MoRTH) in December 2016. It enumerates 

provisions for e-rickshaws with a view to promote urban 

mobility. The policy suggests that e-rickshaws can be 

proactively used for last mile connectivity in cities as these 

offer low cost and zero-pollution transportation. With 

nearly 32% of the Indian population living in urban areas 

(Census 2011), there has been a continuous shift in the 

population. Seeking to get the most out of this opportunity, 

the Ministry of Housing and Urban Affairs launched the 

ά¦Ǌōŀƴ DǊŜŜƴ aƻōƛƭƛǘȅ {ŎƘŜƳŜέ ƛƴ bƻǾember 2017 for the 

promotion of a low carbon sustainable public transport 

systems to reduce the carbon footprint.  

Phase II of the FAME scheme came into effect from 1st April 

2019 with a larger allocation of INR 10,000 crore and an 

implementation period that is spread over 3 years. Apart 

from budget, the policy brings in changes in demand 

incentives and the target number of vehicles, along with 

new xEVs technology definitions and performance and 

eligibility criteria for vehicles (DHI, 2019). It advocates 

proactive support from the state governments to 

complement the efforts of the central government for the 

promotion of e-mobility. The DHI is the nodal agency for 

laying guidelines. A committee comprising secretaries of 

various ministries named the Project Implementation and 

Sanctioning Committee (PISC) and headed by the Secretary 

(DHI) was constituted to oversee the monitoring, 

sanctioning, and implementation of Phase II. As opposed to 

Phase I, Phase II focuses more on public transportation, 

projecting it as an environmentally friendly and affordable 

ǘǊŀƴǎǇƻǊǘ ƻǇǘƛƻƴ ŦƻǊ ǘƘŜ ƳŀǎǎŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ άtƘŀǎŜŘ 

aŀƴǳŦŀŎǘǳǊƛƴƎ tǊƻƎǊŀƳƳŜέ όtatύ ŀƴƴƻǳƴŎŜŘ ŀƭƻƴƎǎƛŘŜ 

Phase II, primarily focused on providing an impetus on the 

manufacturing of e-vehicles, sub-assemblies, parts, and 

sub-parts through a graded duty structure in order to 

increase value addition and capacity building in the country. 

The PMP announced an increase in the tariffs for the import 

of battery modules, electric buses, and trucks to promote 

indigenous production. Until August 2019, for 64 cities a 

total of 5,595 buses for -intra and inter-city operation were 

sanctioned under Phase II (DHI, 2019). In addition, the 

scheme sanctioned 2,636 charging stations in 62 cities 

across 24 states/UTs. As on 15th July 2022, a total of 532 

charging stations have been installed - 479 under FAME-I 

and 53 under FAME-II (Make in India)45. 

https://www.makeinindia.com/sector/automobiles
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Furthermore, in order to strengthen and institutionalise the 

collaboration between the Department of Heavy Industry 

(DHI) and the Department of Science & Technology (DST) in 

R&D and technology development in electric mobility, a 

Ƨƻƛƴǘ ǇǊƻƎǊŀƳƳŜ ŎŀƭƭŜŘ ǘƘŜ ά¢ŜŎƘƴƻƭƻƎȅ tƭŀǘŦƻǊƳ ŦƻǊ 

9ƭŜŎǘǊƛŎ aƻōƛƭƛǘȅέ ό¢t9aύ ǿŀǎ ǎŜǘ-up in 2016. Its aim is to 

provide a collaborative platform for developers, suppliers 

and automotive manufacturers to work together to develop 

technologies and products that cater to the development of 

e-mobility (Mukherjee, 2017). Responsibilities of the 

platform also include updating the technology roadmap of 

the NEMMP and FAME, maintaining an updated and 

prioritised list of relevant R&D programmes and developing 

white papers on critical technologies (DHI, 2016). As a nodal 

agency, the DHI has many platforms and policies formed 

under its purview with one of them being the Development 

Council for Automobiles and Allied Industries (DCAAI). The 

DCAAI was constituted in 2008 for the productive utilisation 

ƻŦ ǘƘŜ /Ŝǎǎ CǳƴŘ ŀƭƭƻŎŀǘŜŘ ǘƻ ǘƘŜ 5ILΩǎ ŀƴƴǳŀƭ ōǳŘƎŜǘ ǘƻ 

promote R&D projects for automobiles and allied 

industries. The council is chaired by the Secretary (DHI) and 

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 2018-19 and 2019-20, 

respectively46.  

Dealing with aspects of logistics infrastructure and last mile 

connectivity, the άtǊŀŘƘŀƴ aŀƴǘǊƛ DǊŀƳ {ŀŘŀƪ ¸ƻƧŀƴŀέ 

(PMGSY) was launched in 2000 with the purpose of 

providing good all-weather road connectivity to remote 

villages across India so that the automotive sector can reach 

the hinterlands of the country. Five years later, the 

government announced an ambitious highway 

development programme, called the ά.ƘŀǊŀǘƳŀƭŀ 

tŀǊƛȅƻƧƴŀέ, bringing a new wave of development for the 

sector in the form of well-maintained and developed roads 

and economic corridors. In addition, the AMP 2026 lays 

emphasis on the development of dedicated facilities for the 

automotive sector in several ports. It also highlights the 

requirement of dedicated rail links and multiple dedicated 

freight corridors with the capacity to facilitate the 

movement of freight trains. Last mile connectivity to ports 

and stations is equally important. Given the crucial 

connection between the automotive and the infrastructure 

sector, the government needs to adopt a holistic approach 

to the Indian transport sector factoring in all the modes of 

transport (rail, road, air, and ports) instead of developing 

each in isolation (Kumar and Sharma, 2019).  

½½½½½½½½½½½½½½½½½½ 
46  Sourced from: https://dhi.nic.in/UserView/index?mid=2477  
47  Sourced from: http://egazette.nic.in/WriteReadData/2019/210413.pdf 

Intending a cleaner environment and wanting to lower the 

import dependency on fossil fuels, the άbŀǘƛƻƴŀƭ tƻƭƛŎȅ ƻƴ 

.ƛƻCǳŜƭǎέ όbt.Cύ under the Ministry of Petroleum and 

Natural Gas (MPNG) was approved in May 2018, which 

envisages a target of 20% blended ethanol and 5% of 

biodiesel in petrol and diesel respectively by 2030 (MPNG, 

2018). For providing sustainable mobility and accessibility 

to all citizens, the Ministry of Urban Development (MoUD) 

issued an updated version of its άbŀǘƛƻƴŀƭ ¦Ǌōŀƴ ¢ǊŀƴǎǇƻǊǘ 

tƻƭƛŎȅέ όb¦¢tύ ƛƴ нлмп ǿƛǘƘ ŀƴ ΨŀǾƻƛŘ-increase in demand 

for travel, shift-from personal vehicles to mass rapid 

transport and improve-include clean fuels and clean 

ǘŜŎƘƴƻƭƻƎȅΩ ŀǇǇǊƻŀŎƘ ŀǎ ŀŘǾƻŎŀǘŜŘ ōȅ ǘƘŜ !ǎƛŀƴ 

Development Bank for making transport more climate-

friendly (MoUD, 2014). Besides this, a prescribed 

framework for vehicles on roads, ά¢ƘŜ aƻǘƻǊ ±ŜƘƛŎƭŜǎ !Ŏǘέ 

(1914), was amended in 2019 with regard to the issues of 

recall of vehicles, taxi aggregators, various offenses and 

related penalties. It also proposes a probable development 

of a National Transportation Policy, in consultation with 

state governments, among many other things47.  

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 vehicles, an increase in 

customs duty on imported vehicles, or the provision of 

additional income tax deduction on the interest paid on the 

loans taken to purchase EVs have a huge bearing on the 

sector. The introduction of the Goods and Services Tax 

(GST) led to the overhauling of the taxation regime in India. 

Tax rates for commercial, used and personal cars varied 

across all categories of the GST. Initially, the chargers and 

charging stations for EVs were taxed at 18%, and this was 

subsequently revised to 5% by the 36th GST Council 

Meeting held in July 2019 (post the start of FAME II) for the 

promotion of sustainable and green mobility9. The 

government also needs to build a supporting environment 

for innovation from a taxation perspective. The income tax 

law in India provides a weighted deduction of 200% for in-

house R&D facilities and 175% on outsourced R&D from 

national labs or research institutions in the automotive 

sector. But automotive R&D is likely to take a hit due to the 

reduction in this allowance from 1st April 2020. 

Nevertheless, given the complexity of the Indian taxation 

system (including the multiplicity of taxes), fiscal support to 

the automotive sector is indispensable for its long-term 

growth and advancement.  

 

https://dhi.nic.in/UserView/index?mid=2477
http://egazette.nic.in/WriteReadData/2019/210413.pdf
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National Intellectual Property Rights Policy 2016 

(IPR Policy 2016) 

Government support is needed for businesses not only to 

innovate new technologies, but also to safeguard their 

technological inventions with effective IP protection. In 

May 2016, the Department for Promotion of Industry and 

LƴǘŜǊƴŀƭ ¢ǊŀŘŜ ό5tLL¢ύ ǊƻƭƭŜŘ ƻǳǘ ǘƘŜ ŎƻǳƴǘǊȅϥǎ ŦƛǊǎǘ άbŀǘƛƻƴŀƭ 

LƴǘŜƭƭŜŎǘǳŀƭ tǊƻǇŜǊǘȅ wƛƎƘǘǎ όLtwύ tƻƭƛŎȅ нлмсέ ǘƻ ŦƻǎǘŜǊ 

creativity and to implement a strong IP-led innovation 

ƳƻŘŜƭΦ tǊƻŦΦ {ǳƴƛƭ aŀƴƛΣ ƛƴ Ƙƛǎ ŎǊƛǘƛǉǳŜ ƻƴ ǘƘŜ άbŜǿ Ltw 

Policy 2016: Not based ƻƴ ŜǾƛŘŜƴŎŜέ ŀǊƎǳŜǎ ǘƘŀǘ ŜǾŜƴ 

before the IPR policy, India had a functioning legal regime 

with individual acts on patents, trademarks, designs and 

geographical indications, all of which were suitably 

amended over time to comply with TRIPS (Agreement on 

Trade-Related Intellectual Property Rights) (Mani, 2014). 

IŜ ŎƻƴǘŜƴŘǎ ǘƘŀǘ άǎƻƳŜ ƳŜŀǎǳǊŜǎ ƛƴ ǘƘŜ Ltw ǇƻƭƛŎȅ ŀǊŜ 

laudable but the policy objectives are not evidence-based 

and are tailor-made to suit the requirements of the western 

ƎƻǾŜǊƴƳŜƴǘǎΦέ IŜ ŦǳǊǘƘŜǊ ŀǊƎues that the government 

should rather be spending time and money on improving 

the performance of patent offices that are understaffed 

and underfunded leading to major delays in patent 

approval in the country. 

It is evident that India has been taking a decisive stand on 

patents to the advantage of domestic manufacturers, but it 

needs more such incentive programmes, with effective and 

widespread implementation. India has built pockets of 

knowledge-based growth but has not yet translated this 

into a broader economic model. Actions to promote 

knowledge-based economies will require strong, 

coordinated government policies coupled with investment 

in ICT (ADB, 2014). 

Production Linked Incentive (PLI) Schemes 

In September 2021, the άtǊƻŘǳŎǘƛƻƴ [ƛƴƪŜŘ LƴŎŜƴǘƛǾŜ όt[Lύ 

Scheme for the Automobile and Auto Components 

LƴŘǳǎǘǊȅέ sectors was launched with a budgetary outlay of 

INR 25,938 crore (US$ 3.50 billion) to incentivise the 

domestic manufacturing of Advanced Automotive 

Technology (AAT) products and to attract investments in 

the automotive manufacturing value chain. The scheme 

was open for receiving applications up to January 9th, 2022, 

and it will be implemented over a period of five years 

starting from FY 2022-23. According to the press release by 

the government on 15th March 2022, the PLI scheme has 

been successful in attracting proposed investment of INR 

74,850 crore against the target estimate of investment INR 

42,500 crore over a period of five years. It has also been a 

huge success in terms of the applications received from 

local as well as globally headquartered groups engaged in/ 

proposing to manufacture AAT vehicles/ products (PIB 

Release ID: 1806077, 2022). 

Lƴ aŀȅ нлнмΣ ǘƘŜ DƻǾŜǊƴƳŜƴǘ ƻŦ LƴŘƛŀ ŀǇǇǊƻǾŜŘ ǘƘŜ άPLI 

Scheme for Advanced Chemical Cell (ACC) Batteriesέ ǿith 

an outlay of INR 18,100 crore (US$ 2.49 billion) to boost 

battery manufacturing in India and make it globally 

competitive. As on 28th July 2022, three selected bidders 

had signed the Programme Agreement under this scheme. 

The two PLI schemes along with the FAME scheme are 

intended to enable India to leapfrog to environmentally 

cleaner, sustainable, advanced, and more efficient EV-

based systems (PIB Release ID: 1846078, 2022).  

5.2 Industry 4.0 Initiatives 

A closer look at the policies adopted by India since the 

1990s reveals a clear intention to shift from an agriculture-

based economy to one that emphasises manufacturing to 

drive economic growth and jobs. Recent initiatives like 

άaŀƪŜ ƛƴ LƴŘƛŀέ and ά{ƪƛƭƭ LƴŘƛŀέ ǎƘƻǿ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ 

resolve to encourage manufacturing in the country; and the 

automotive sector has long been identified as having the 

competitive advantage and potential to fuel the rapid 

growth of manufacturing. But with the introduction of the 

пLwΣ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘ ƛǎ ŦƻǊƳǳƭŀǘƛƴƎ ŀ άNational Policy for 

Advanced Manufacturingέ ŀǎ ǇŀǊǘ ƻŦ LƴŘƛŀΩǎ Ǉƭŀƴ ǘƻ 

embrace the 4IR and exploit the huge potential of emerging 

technologies such as additive manufacturing, cloud 

computing, artificial intelligence (AI), the Internet of Things 

(IoT) and robotics.  

Another initiative in this direction is the ά{ƳŀǊǘ !ŘǾŀƴŎŜŘ 

Manufacturing and Rapid Transformation Hub 

(SAMARTH) - ¦ŘȅƻƎ .ƘŀǊŀǘ пΦлέ. It is an initiative by the 

DHI to set-up 4IR centres (demo-cum-experience centres) 

across the country for promoting smart and advanced 

manufacturing to help SMEs implement the 4IR 

(automation and data exchange in manufacturing 

technology). This is being done to enhance competitiveness 

in the Indian capital goods sector and to build awareness 

about the 4IR among Indian manufacturing industries. 

There is no escape from integrating principles of the 4IR 

with the Make in India initiative if indigenous 

manufacturing has to win against global competition. Such 

initiatives have been taken to ensure that the automotive 

sector remains relevant in terms of making its products and 

manufacturing processes innovative across the automotive 

ecosystem.  

Disruptive technologies, such as AI hold great potential for 

the manufacturing sector, particularly the automotive 

sector. Recognising this, the Finance Minister of India, in his 

budget speech for 2018 ς 2019, mandated the premier 

policy think tank of the government - NITI Aayog - to 






















































































































