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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 completiorNaitittveal Manufacturing
Innovation Survey (NMIS) 20214 @ ¢ KS NB&adz Ga 2F GKS adzZNIBS@ LINPGARS aAIYyATAC
manufacturing sector. The Government of India has been steadfast in its commitment in promoting thetitiversss of
Indian manufacturing and increasing its contribution to the GDP. In the past decade, key policies and programmes have been
implemented to stimulate innovation, entrepreneurship and the adoption of new technologies. Additionally;skzalpe
incentive schemes have been introduced to foster growth and innovation in the manufacturing sector, positioning India as a
global manufacturing hub.

The findings of the NMIS 202P can add significant value to the Make in India programme objective, amd, th
more recent Production Linked Incentive (PLI) scheme. These initiatives aim to enhance manufacturing in various sectors,
AyOf dzRAYy3a St SOGNRBYyAOaT LIKIFNYIFOSdziAOItaxr YR ldzizY20Af Sax |
recommendationswill 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 offeiing recommendations for continued growth and success of the Indian manufacturing sector.
z

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

Anusandhan Bhawan, 2, Rafi Marg South Block, New Dellg 11001!
New Delhi 110001 Tel. : 01123010191 Fax : 022301793:
Tel. : 01123316766, 23714230, North Block, New Dellgj 110001
Fax. : 014223316745 Tel. :011-23092475 Fax : 031309271
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FOREWORD

| am pleased to present the National Manufacturing Innovation Survey (NMIS)2202bort onbehalf of the Department

2T {OASYyOS YR ¢SOKyz2fz238 65{¢0x D2@SNYyYSyid 2F LYRAlFI® ¢KS
of the manufacturing sector as a critical driver of economic growth and job creation in India, and tich laiuseveral

initiatives to catalyse innovation across the industry.

NMIS 202122, a follow up of first Indian innovation survey in 2011, is a focused effort to evaluate the state of innovation in
LYRAIFIQa YIydzFl OGdzNAY 3 & Si@d Rakdhs IndysStriaD Relelopniedt Rigahizafioy (UBID@)Khisi K S !
survey provides a comprehensive understanding of the Indian manufacturing innovation landscape.

The NMIS 20222 findings offer valuable insights into the enabling characteristics and bawigmovation 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 Ind@painthis 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 scope5t the
National Science, Technology and Innovation Policy (STIP) (draft), to enable a holistic ecosystem for science, tectinology, an
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 innovatiian in
providing valuable information that can contribute to the development of policies iaitiatives that can foster a more
innovative and dynamic manufacturing sector in the country.

3%
BT
(S. Chandrasekhar)

Technology Bhavan, New Mehrauli Roddew Delhi- 110016
Tel: 0091 11 26511439 / 26510068 | Fax: 00 91 11 2686384haik dstsec@nic.in | website: www.dst.gov.in
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It is with great pleasure that | introduce the National Manufacturing Innovation Survey (NMIS)
2021-2022 report. Jointly conducted by the Department of Science and Technology (DST) of
the Ministry of Science and Technology of India and the United Natindastrial
Development Organization (UNIDO), this report aims at comprehensively assessing the state
of manufacturing innovation in India towards the achievement of the 2030 Agenda for
Sustainable Development, especially Goal 9, and beyond.

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

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

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

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

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

517k

Ciyong Zou
Deputy to the Director General and Managing Director,

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

The National Manufacturing Innovation Survey (NMIS) 2Z2R1s a significant step towards assessing manufacturing
innovation inindia. The objective of the survey was to evaluate the performance of states, sectors, and firm sizes in terms
of innovation processes, outcomes, and barriers, as well as the innovation ecosystem that affects innovation outcomes. The
NMIS 202122 offers acomprehensive understanding of manufacturing innovation in India from all perspectives.

The Department of Science and Technology (DST), in collaboration with the United Nations Industrial Development
Organization (UNIDO), has developed the first Indian Wketuring Innovation Index (IMIl) for guiding decisioaking in
innovation policy with respect to manufacturing and related services. The significant difference in the IMIl score captures
the variations in manufacturing across the states.

¢tKS 4! aaFangYS3SE Lyy201 GA2y Ay LYRALY al ydzFl OdegiNanafydis NI L2 NI
of innovation activities, outcomes, and barriers in manufacturing firms. Additionally, the NMIS2202tvey produced five

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

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

The key findings from the study demonstrate that innovation is highly beneficial to manufacturing firms. Over a quarter of
manufacturing firms in the country are innovative, and about sigpercent of these firms have used innovations
successfully to increase turnover, open new market opportunities, and respond to market and cost pressures. However, the
study also reveals that firms face a wide array of barriers to innovation, and inan\aattivities require perseverance and
longterm commitment. Manufacturing firms demonstrate high rekersion and lack of entrepreneurial appetite to engage

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

the predominant and immediate demands in the market. These findings call for concerted efforts in strengthening
manufacturing policies and bring attention to the need for an innovation strategy for the country, with parétidation

to manufacturing.

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

(Akhilesh Gupta)

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

A rethinking of Indian manufacturing and innovation is required if the goal of creating a US$ 5 trillion economy-By 2026

Ad G2 0SS I OKASOSR® LYRAFQA |ALANIGAR2Y G2 060S02YS | 3Itz2olt S
industrial sector and its innovative performance. In order to deliver rapid but sustained industrial growth, it needs to
strategically focus on building a next generation intelligent manufacturing base with domestic manufacturing companies
becoming an integral partf@lobal supply chains. India can leverage its strong Information Technology (IT) sector and drive

supply chain efficiencies and productivity growth through use of IT deployed at scale. It can harness its soft poweresdvantag

to trigger a manufacturing mlution and become a global manufacturing superpower.

Creating an industrial revolution of the scale would require the Indian government to formulate a comprehensive vision for

industrial development and execute it through the implementation of coherand effective industrial policy. The
unprecedented disruptions of societies and economies caused by the €O\fgandemic have accentuated the need to

take immediate action. In recent years, the Government of India (Gol) has launched special initkivissRroduction

[AY1SR LYOSYyiGA@®S o0t[ L0 a0OKSYSa (2 dzyRSNLIAY LYRALF QZ&y Ay Rdza (i N?
also aim to create and nurture global champions capable of producing for the world. The PLI scheme isaihieitiative

with a clear mandate of focusing on critical sectors such as pharmaceuticals 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 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 strengtheni@d |y 26t SRIS YR AyaldAddziaAzyad a2NBE aLISOAFAOLIff&xY (K¢
aims to promote endo-end drug discovery and transform India into a pharmaceutical innovation hub.

Innovation processes are usually the result of iatdions and flows of knowledge among people, enterprises and
institutions. With knowledge emerging as a critical resource, better management and flow of information is key to the
innovative process. A System of Innovation (Sl) represents the strengthualily of the systematically organised
interactions and linkages between the stakeholders of the ecosystem, namely government, knohdesggeinstitutions,
industry, intermediaries (institutions supporting technical change, industry associations afwhio), and arbitrageurs
(venture capital, angel investors, and financial institutions). The mapping and visualisation of the dynamics of an mnovatio
system are crucial to formulating evidenbased policy for the effective use of resources.

Consequentl, the growth of the Indian pharmaceutical sector will not only depend on the utilisation of the 4IR technologies
and knowledge production, but also on stable pricing, the policy environment and efficient regulatory support for the sector.
It needs a cleaand targeted policy, enabling the effective allocation of resources in order to make India a global leader in
the pharmaceutical sector. UNIDO acknowledges the importance of evidence in optimally deploying policy instruments and
targeting available resoaes (economic incentives and institutions). So that the Indian pharmaceutical sector can achieve a
competitive advantage, the development of a wkihctioning Sl is needed as a driver for légegn sociceconomic
development.

tKS aLYRAIY SROEANKOSIAaDEEY{2F Lyy20FGA2Yy oLt {{LUO wSLERZ2NIE&
2LIR NI dzy AGASE FNRAEAAYI FNRY GKS Ayyz20FtiAzy aeadsSyod ¢KS |yl
al ydzFl Ol dzNAyYy 3 Lyy2 gl iNDYin a2RAIThe meaddr2ryeRtdhtbiigh fhis sudvey lenables the

provision of evidence to guide policy and in supporting the Government of India to elaborate an eviidesecepolicy that

articulates the role of science, technology, and innovation througlioe economy. The mandate of UNIQ@s one of the

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

services is manifest in this report.

The chapters in this report are the resgitf | b L5 h Qa a Sbullild) Sokcy anafysi€) and Bmpificél éesearch on
the Indian pharmaceutical sector. It aims to enhance the understanding of the role of the core actors, their interactons, an
perspectives, thus providing a solid bafsis strategic planning, policy, and the management of policy actions to achieve
national targets and goals effectively.
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9ESOdzi A @S { dzY Y|l NE

CKAA NBLERNI>X GAGE SR GKS a4l ysRikgentivet tkak NoWdyniakedziview Ithe arfal$s,i 2 NA | €
System of Innovation (IPS&I)Measuement, Analysis, and  implications, and re2 YYSyY Rl GA2ya Ay fA3IKI
t2tA0e wSO2YYSYRI(GA2Y &S Zdahtiis pedormaicy iyf an@indighn@ econonty ¥ird in the
innovativeness in the pharmaceutical sector in India and context of the COVHR9 pandemic, which hit all sectors

maps the functioning of innovation and the associated across the globe.

collaborative processes between innovation stakeholders. ] ] )
The survey and angis were undertaken within the The analysis of the Gol policy documents; the mapping and

FNIYS62N] 2F (KS &bl A2yl (MEasYpneqtef s JRERINNMS Pighinadinkaaes,
Survey 2024 H ¢ 6 b a L {desigmed with and fdnded between (and within) actor groups, barriers to innovation,

by the Department of Science and Technology, (Gol). and the success of policy instruments disclose the
significant key policy analysis findings, the major

The report has been compiled for the Government of India implications from the analysis, and the recommendations
(Gol)to inform innovation policy and improve innovation that stem from then.

practices within the sector. Furthermore, it aims to
facilitate coherent delivery of innovation policy and the
establishment of a longerm policy monitoring and
management capability for the sector.

In the specific case of the pharmaceutical sector, our
assessment is that the IPSSI falls into the category of a Triple
Helix (TH) Type Il transitioning to Triple Helix Type lll, as per
the traditional framing of the TH model. THype | can be
Although there are many significant challenges identified, considereal to be statist, and the three spheres of the actors
the policy analysis, implications arising from the analyses,are strongly institutionally defined, however, work in
and the policy recommendations to address these isolation leading to the local technological knowledge also
implications provide an unprecedented menu of evidence being kept isolated.

based development priorities and palichoices to address
the challenges. The approach outlined in this report is )
comprehensive and holistic for mapping and measuring the between the actors that are strongly influenced by the

Indian Pharmaceutical Sectorial System of Innovation mgrket and tec_hnologmgl innovations. In this case, the
(IPSSI). It provides an accurate visualisation of thePoint of control is at the interfaces and consequently new
the codes of communication are developed. However, in TH

Type lll, the actors assume @& 2 G KSNDa NBf Sa |
institutional spheres as well as the performance of their

TH Type Il refers to mechanisms of commun@rati

connectivity béween the core actors of the IPSSI,
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 raditional functions with the formation of a complex
when considering innovation and riovativeness, but network of organizational ties, both formal and informal,

rather how well and coherently they are connected and @M°ng the overlapping spheres of operations. It could be
dsaidthat the interactions between the actors of the system

managed and if they are achieving innovative products an - >
are more competitive rather than collaborative in nature.

business processes and subsequent economic value.

FIGURE:Triple Helix types

GOVERNMENT GOVERNMENT GOVERNMENT

UNIVERSITY | - INDUSTRY

INDUSTRY e UNIVERSITY INDUSTRY UNIVERSITY

THTYPE | THTYPE Il THTYPE 1lI
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Consequently, there is the need to foster linkages betweena clear impact on agility, efficiency, flexibility, and
crucial actors of thelPSSI, particularly for the use and consistency in t@ quality of the industrial production of
application of joint research, skills orientation and medicines. In the Indian pharmaceutical sector, a lack of
development, and access to finance. understanding of the value, goals and needs of 4IR
technology still exists among many firms. There is the need
for robust evaluation mechanisms and decisisapport
tools which can help manufacturing firms understand the

Based on this observation, the intend intrainteractions
that need attention are

Fostering joint research amongst industrgt@rs with  impact of 4IR technologies and effectively implement them.
an am to make the sector more strategically In addition, there is the rapid global advancement of
collaborative rather than competitive. personalised medicines and a shift is required within Indian

manufacturing tofocus on nexgeneration therapeutics.

This requires new and existing therapies to reach the

market faster and overall, more effective utilisation of
manufacturing  capabilities.  This also  requires

Reducing the rigidityof communication between  manufacturers and raw material suppliers to keep pace
knowledgebased institutions in order to foster better with f KA &8 &3KATFGOG @(26F NRa W. A2 LK NXI
knowledge exchange and collaboration in the areas of intelligence (Al), big data and smart systems are being

research, particularly with the inclusion of T2 and T3 leveraged to help transform business models.

Bolstering industnacademic interactions for applied
research, in particular better participation of public
knowledgebased institutions.

institutions. . . A = oA - .
2 A 0K N Rdigy Bunctidz WKS Faaz2OAl 0
Support secondments and placements in between the O NAlFoftSa INB [FO1 2F S83I¢
knowledgebase and industry in order to better orient SN yFEGAZ2Y L ¢ Ayy20LGAa2y  aiN
human capital development. Lldzo f A Ok 320G NBIdzA I GA2yaQr | yR

regulations. In the case of the Indian pharmaceutical sector,
the main policy bottlenecks include comprehension of
legislation, as well as the lackafareness and knowledge
about procedures and regulations. This compounds the
Increase the channels of funding from venture capital 5gmented nature of the sector and leads to the creation
and angelnvestors to support the process of ideation ot specific barriers, particularly for the growth of small and
to market. medium pharmaceutical companies.

Better knowledge sharing amongst government bodies gina)y with respect tgolicy success, policy instruments
to promote an ‘'all of government approach' to

innovation thus translating into more coordinated joint
research in strategic areas.

Strengthen communication channels amongst the
knowledgebase and intermediaries, particularly
industry associations.

were analysed in terms of suppbyde measures (services
and financial) and demanside measures. The study results
indicate that in general policy instruments are successful,

Secondly, the angsis highlights that relationships between however the most unsuccessful policy instremts

actors in the IPSSI are imbalanced in that there is anNBLR2 NI SR o0& tf I OG2NE | NB WIELJ
unequal level of exchange between two actors hindering & dZLJL32 NIl Q2 6 KAOK A& Ftaz2 NBFt SOGA
the flow of knowledge and information crucial to the reported under the policy function, closely followed by

innovation process. This is mainly due to a subopt WD2@SNYYSy i LINROdNBYSy Gy WOELX AO
dzy RENB G YRAY3 2F S OK | 00 ANIHAIZ N RUctivp it negd to cigarly gricylated § A ¢ §
system of innovation and the terms and conditions high level goals and visions down to all levels of the system
unfavourable to meaningful participation. Consequently, and with respect to industry, to small and medium sized
WLYRAAGNE nonQ yR wt 2t A 0afirmeyiha pduetigndnthe levet of gamplexity thus eles v A y

underlying barriers to innovatiowithin the IPSSI. enabling navigation of theector.

' 3220A1 GSR OF NXFot Sa I NENectiyep poficy instumepis.R 8INGR (NP foy be 2 7

Ln®n G6SOKy2ft23A85aQz w cangigdered when sqle@idosagpglicy mix. Policy, sgigction
G80Ky2t23A84aQs w/2ali 27 L 8@UYd nof B@raratrarg process, hshoulg iie baged pngqy 2 F
AY T NI ad NHzO G dzNB T2 NJ inL rthe n Q@yidencg, reflegithmepdspiie gctprs in the system and
pharmaceutical sector is rapidly changing, particularly with © S AY T Ay S 6AGK LYRAI Q& 20SNI f ¢
the adoption of 4IR technologies. This paradigm shift iS the major implications of the analysis outlined in the report
challenging traditional approaches to manufacturing, with gre that better externalities need to be generated from the

I CNRY @GK$S LIS NEUsIyOim » S i #ndadditign, each actor has a specific view on effective or
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public goods of funding and support. Beed differently,  the flows of technical knovwow. The present public

innovation inputs need to be better translated into infrastructure needs to be strengthened to create a fabric
innovation outputs. of vibrant linkages that supports innovation. What is
required is a widely accepted conducive environment in

It is crucial that given the change in the global landscape o .
which organizational rigidities are overcome.

from generics to biosimilars and cell and gene therapy,
knowledgegeneration is continually assessed and The IPSSI Report demonstrates the value of comprehensive
addressed. This requires strengthening the nexus betweensurvey and the critical importance of mapping and
the knowledgebase and industry and research institutions. measurement to guide the discussion for evidefzsed

This should be underscored by a focused entrepreneurialand collaborative policy makip execution, monitoring and
and innovation outlook with their respective activities. It is impact evaluation. A periodic repeat of systematic mapping
vital that more informaion percolates from Tierl and measurement of the IPSSI in two to three years is
institutions to Tier2 and Tier3. strongly advised and can help to ascertain the effects of
policy choices, implementation, resource applicationdan
hence innovation and innovativeness in the Indian
economy

In addition, the remoteness of actors causes them to be
relatively independent of the poliesnaking process,
especially in terms of wielding influence in configuring and
calibrating policy to expit knowledge and intermediating
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t N22S0Ou /2ydS

¢KS dablGAzyl ¢ al ydzfF I O dzNJ yrale ahdysgpargielyistudied the{ idpsdd & ghis ecdsysterfi 0
2021-H H ¢ fallodv-ug to the Department of Science and and its actors on innovations in specific sectors.

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

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

products and processes (DST, 2014). The study found thes&he National Manufacturing Innovation Survey (NMIS)
firms at par or ahead of their competitors regarding 202122 was designed as ap?onged survey where the
improved ranges of products (better quality and standards), DSTUNIDO collaboration adopted a 36@gree approach
besides improving production capacity and reducing to measuring innovation performance at the level of
environmental impactsSuch firms were largely privately manufacturing firms, and assessing innovatimocesses,
owned small companies and relied on domestic financial its barriers and support measures at the ecosystem level of
institutions. While these innovative firms struggled with industrial sectors. To this end, the survey was designed with
cost factor and availability of skilled manpower, more than two specific componentg the FirmLevel Survey and the
50% did not employ scientists or engineers bupaeed Sectorial System of Innovation (SSI) Survey.

that access to knowledge and information was a critical

. The objective of theFirmLevel Survey was to capture
barrier.

insights regarding activities impacting innovations in a firm,
The decade that followed the 2011 National Innovation across a broad spectrum of product and business process
Survey saw the launch of key policy initiatives, especiallyinnovations and understand the various factors enabling
GKS adal 1S Ay LYRALFEZ af{ il NIaega limignginnpvation agtikities; @rghelger hang,Yhe y A NB K I NJ
Bharat Ablg | y ¢35 Y2y 3 20GKSNRIX LIBY ASurvee vidaRl tai measuig NI® yirmavatiGny system
YR o0622ad GKS O2dzyiNEQa Yavgilable tcOspepifigniguastrial SO tniexaming i &
where innovation and entrepreneurship programmes were manufacturing firms accessed information, knowledge,
prioritised. The scope of indigenous innovations and technologies, practices, and human and financial resources,
innovation ecosystems thus received greater impetus and what linkages comtt the innovating firm to other
this period. In 2019 the DST followed up with the planning actors in the innovation system (laboratories, universities,
of the second nationwide innovation survey and partnered policy departments, regulators, competitors, suppliers, and
with the United Nations Industrial Development customers). Thus, with an overarching scope to strengthen,
Organization (UNIDO), with greater attention to A YLINBR @S | y R RA @S NE wikhdtargetgdRA F Q& Y
manufacturing and associated servicesest across large, and evidencebased innovation policy, the NMIS 2622
medium, small and micro enterprises. It emphasised the Survey was launched in February 2021.

TABLE :10verview of Firmlevel survey and SSI survey

The FirmLevel Survey assessed the following: TheSSI Survey assessed the following:

(Broad overview) (Broad overview)

Types of innovations in manufacturing firms - Innovation actorgfirms and norfirm actors) for their network
Product innovation (density, distribution, directionality, symmetry of intrand inter
. ) ) . linkages of actors)
Business process innovations in (e.g., operat
product/business process development, marketing ° The role and impact of actors and institutions on innoval
sales, procurement, distributon & lagics, activities in firms
administration, and management) - Impact of policy instruments (fiscainonetary, regulatory
Innovation activities standards and others)

Sources of information, collaborations, resources Barriers to innovation

Factors hampering innovation activities.
Impacts of digitalisation, infrastructure, IP

Impact of COVH29 pandemic
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With a stratified random sample representing micro, small, achieving an ambitious doubldigit growth (NITI Aayog,
medium and large manufacturing companies, the Firm 2018). Further, the agency has also been assessing the
Level Survey targeted 10,139 firms across 58 manufagturin y I G A 2y Q& LINA2NAGASE FyR &0GN) (53
sectors (as per the national industrial classification 2D08 strengthening science and technology (S&T) initiatives to
across the 36 states and union territories in the country. amplify technology development and commercialisation.
The SSI Survey targeted the innovation systems of 5 keySince thel990s, the Government of India has deployed
manufacturing sectors critical to the Indian economy, technology incubators as an important policy tool for S&T
prioritised by their goss valueadded (GVA) and their entrepreneurship (Surana et al., 2018). The DST has been at
presence across the country, impacting state level andthe forefront of designing and establishing science and
national policies and strategies. These 5 sectors are: Foodechnology entrepreneurship parks, igation systems,

and Beverages, Textiles and Apparel, Automotive, and technology business incubators to build close linkages
Pharmaceuticals, and Information and Communication between universities, academia, R&D institutions and the
Technolgies (ICT). A stratified random sample close to industry, including MSMEs, and also to generate
7,851 firms and 1,000 nefirm actors were targeted under employmeng. These initiatives led to strong technolegy
the SSI Survey across India. The outcomes of thelFusl based entreprenewghip and startups in the country, and
Survey are separately reported, while this report features set motion to various policy frameworks and initiatives,

the SSI Survey objectives aimtiings. such that most incubation programmes in the country
. . today leverage support offered under various ministries,

1-28|gn|flcance of the Survey of who also have a manufacturing stake. The public arect

Sectoral Systems of Innovation enterprise model for biotechnologased startups by the

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

L y R A theniogy @l innovation agenda took a strong

leap over the last decade when the Government of India

launched a series of highowered initiatives to amplify and

catalyse the pace of innovation and entrepreneurship with

greater emphasis on the startup ecésyi SY® ¢ KS a{ i NI
LYRAIFE¢ YAaaiazy ¢l a Lidzi Ay LXIOS
The survey particularly took cognisance of the innovation lengthy regulatory processes for startups and introduced

and manufacturing mandate of NITI Aayog, the apex policytax incentives and highisk funding to startup® ¢ KS & ! G I f
advisory body to the GallIn its strategic recommendation L yy 2 @l GA2Yy a A & akpegfic atténtidk ta3 K &4 SO
forA YLINE@AY3 LYyRALFQ& Yl ydzF I Otiedgiiduy dendaStér inAdvatich dait @Am¥sSeetrshipL ¢ L

Aayog strongly recommended the need for promoting incubation infrastructure across the country and widened

latest technology advancements and predicted a defining

role for Industry 4.0 intervention in shaping the sector and

YoYoo o2 Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

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

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

3 Science & Technolo@ntrepreneurship Park (STER)ps://www.nstedb.com/institutional/step.htm

4 The Startup India initiative (under DPIIT) was launched to improve theatinovecosystem and handhold, fund and incentivise startups and improve
industry-academia partnerships through incubation servidesys://www.startupindia.gov.in/content/dam/invest
india/Templates/public/Action%20Plan.pdf
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its scope to schools and other academic institat&srther, aimed to make India a higlech manufacturing hub The

iKS aLy@Sad LyRAI ¢ LINE 3INI YhsSion ddwatargéts 2izym@rfafadRuringi fectofs [thatlhéve & S
investments inmanufacturing, technologies, incentivising key significance to the economy and the 5 manufacturing
innovations and other areas of trade and commércehe sectors identifiedor the SSI Survey have significant priority
increased access to risk capital in technologies in this periodn the Make in India mission.

have played a key role, such that Bain (2022) reports that
VC investments in India peggedd$$ 38.5 billion in 2021
and have positioned India as the third largest startup
ecosystem in the world

LYRAIFQ&a T22R LINRPOSaaAy3d Aa 3It2ol
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
The SSI Survey was positioned to examine how such policsobacco) (UNIDO IAP, 2023). Despite being a major trader
and institutional arrangements (innovationfincubation | YR SELR NI SNJ 2F | ANRK Odzf (i dzNB  LIN
programmes established in various tewlogy and higher  processed food is less than 10% owing to critical
education institutes) across the country have impacted the impediments across supply chain infrastructyssduction
collaboration of firms with academia, startups and and processing, inefficient capacity utilisation, quality and
investors for commercialising innovations, thereby safety challenges, and slow product and technology
addressing various transactigelated problems endemic interventions (RBI, 2020). Similarly, the other large sector in
to labto-market jouneys. Studies show that traditional the survey, the textiles and apparel sector, has a prominent
R&D institutions in the country, however, continue to manufacturing presence in many states and provides direct
LINA2NRGAAS aofdzSmale NBa&SIeanpldyment 2t@ Srivde dhiarLJUE mididn i gedplé mahdNA Sy G SR
NEaSI NDKeé FyR 2y G(KS 20 KS NbniibuRdose 20SSoNMIAIN ROR1AE fidi Indiani dzR A S &
have brought attention to the challenges faced hyR A | Qtéxtiles and apparel industry was valued at US$ 152 billion
publicfunded labs in commercialising their research and accounted for a 4% share of the gloteatile markets.
outputs. While technology interventions have directimpact Yet the highly fragmented sector is also labour and raw
on productivity, accessing capital in manufacturing material intensive and is mired with productivity challenges
1SOKy2t23eénolaSR LINRP2SOG4a tAa?tgnd foyiodEriine value dhdns and tiiekK batkivédd/ 3 S =
owing to the longer gestatioperiod before they yield linkages. For instance, more than 80% of the 50 million
returns. As Nandagopal et al., (2013) point out, Indian firms spindles ad 842,000 rotors deployed by textile mills are
continue to be traditionally rislaverse, and are inclined to  found to be outdated or inefficief#.
_}\ yosau Ay }/2 ymiSOKy2t238mo Ll'ﬁae%gﬁ Sgrvseyoéjln?ecli\l% aléo}\g;thser Ie’g\‘r]%nglé f}Fofmzacto? FY LAY
infrastructure, entertainment, among others. h& SSI . N .

o ) ] collaborations, institutional best practices, challenges,
Survey made crucial inclusion of the role of arbitrageurs, technology leapfrogging trajectories and other asieof

such as the venture capitalists and knowledge brokers, as . T . .
] ) o ) systems of innovation in three high performing sectors,
these actors have increasingly been decisive in the

) i i bringi it | p ‘ | such as the automotive, pharmaceutical and ICT sectors.
innovation process in bringing internal and external . Lo .
P R ging . With a 20.1% contribution to the manufacturing GDP, the
knowledge and highisk investments that result in new . . . .
busi del d ¢ . automotive sector is a top driver of macroeconomic growth
usiness models and new types of companies. . .
P P and technological devepoment in the country (UNIDO IAP,

1.3 Relevance of the 5 2023). With robust performances, the ICT and

) . LK NYIF OSdzi AOFf aSOG2NAR FNB GKS
MaHUfaCturmg Sectors Prioritised by pharmaceutical sector is the third largest in volume, driven
the SS]| Survey by export markets and the expansion of Indian healthcare
that has resulted in innovative products, processes and
With the goal of significantly increasing the manufacturing services, thereby positioning India as the pharmacy of the
sector contribution to the GDP from 16.5%, thea I 1 S Woyid1™.
LYRAIFE¢ YA&ZAaA2Y Aad I YI 22N LRfAOe AYyAGAIFGA@GS I dzyOKSR AY wHn

YoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

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

6 Invest Indiainvestment Promotia and Facilitation Agency | Invest India

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

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

9 Textile Industry in IndiaGarment & Apparels Market in Indiaww.investindia.gov.in/sectdtextiles-apparel

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

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

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

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

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

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

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

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

intelligence has been a game changer since the pandemic

and has reflectedh investment interests as well.

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

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

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

14 Emerging Markets Private Equity Association 2019 Suhveys://www.globalprivatecapital.org/app/uploads/2019/05/20 t-surveyfinal-web.pdf
15 FDI in India 202https://www.makeinindia.com/policy/foreigrdirectinvestment
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Innovation is increasingly viewed as the salient ingredient institutional settings in different sectors, the concept of

in the sustainable growth of the modern economy. An W{ SOG2NARI f Lyy2@8FiA2y {eadasSvaq

economy must continuously absorb new knowledge and using this framework can be further justified on the ground
develop new skills and capabilities to avoid erosion of that it encompsses all the relevant aspects that might
competitiveness and facilitate econaen growth and possibly influence innovation and economic growth and is
diversification.  Historically, countries that fostered suitable to analyse the intenelated character of innovation
innovation by developing interconnected innovation processes. In this backdrop, this chapter presents the
systems have proven to be more capable of generating newtheoretical underpinnings for the approh used in
knowledge and translating it into business opportunities mapping and measuring the Indian Pharmaceutical
and thus wealth creatin (Freeman, 1987; Nelson and Sectorial System of Innovation (IPSSI). It introduces the
Rosenberg, 1993; Lundvall, 1992, 2016; Chaminade et al.concept of the Sectorial System of Innovation (SSl), as well
2018). An innovation system refers to a set of institutions as reviews the elements that constitute its early
that contribute to the development, diffusion and conceptualisation, through aeview of the evolution of
application of scientific and technological knowledge (Posi seminal literature. Based on this, the chapter outlines the
1988). Studies have shown that wilhctioning innovation  traditional Triple Helix Model of governmenniversity
systems are essential to catch up with advanced economiesindustry interactions as well as its extension.

(Kim, 1992, 1997; Kim and Nelson, 2000; Fagerberg and . . .
Srholec, 2008; Malerba and Nelson, 2013; Fagerberg et al.,z-:L Underplnnlng Theoretlcal

2017;Shekar, K. C., &seph, K. J., 2022 Framework

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 liebaviour . . . .
is more prevalent today. An innovation system considers

and routine among the actors and their organizational . . .
) innovation as a process and considdéraw the actors
context (Hall, Mytelka, and Oyeyinka 1997; Jacob 2016)..

) ) interact among themselves to undertake innovation
However, knowledge and learning remain the central L . . . .
. ) activities. They consider the inputs to innovations and the
points to the networks (Moschitz et al.,, 2015). The

. o channels leading to the expected outputs. This does not
establishment of such networksorf building a system

) . . . mean the use of the linear model of inpatitput that has
involves breaking barriers and reconstructing channels for . N .
o ) ) ] been used for sme time as a way of linking science to
knowledge flow. This is done by setting interactive . . . . .
) ] . _innovation. Rather, it considers the complexity of the

processes, sharing best practices and learning from prior . . . .

) ) ) ) . processes and the interactions among actors involving
experience, while overcoming failures and filling gaps. The

¢ dth ; l ) h learning activities and the use and transfer of knowledge
orm and the periormance otlearning approac ©s may vary (Etzkowitz and Leydesdorff, 2000). The availatéealture
from one sector to another, depending on different

" h t | habit de of i on innovation capabilities in the Indian industrial sector is
atterns such as the roles, habits, mode of operation, .
P ] P " mostly based on STI indicators that focus more on R&D
competencies, demand, among others (Mytelka and Smith, . .~ . e
2002). Thi ‘ romi ¢ distai activities and the creation of access to codified knowledge
. is suggests a systemic way o a .
¢ ) K th tgg” int Y i y h d'f? " (Basant, 1997; Basant and Fikkert; 1996; Kartak, 1985;
ramework that allows interactions amon e differen . .
g wibutes to th f k 9 ledae for th Kumar and Siddirthan, 2013;Shekar, K. C., & Palily, G.,
roups and contributes to the use of knowledge for the . . .
9 p. . 9 2019. For instance, Basant and Fikkert, (1996) examines
collective/mutual interest of the actors. . .
the effects of domestic and foreign technology purchases
Since innovation is a collective action that involves a as well as R&D activities in enhancing the productivity of
multitude of actors who c@perate and compete in firms in India. The study shows that beten 197475 and
networks and who are stimulated and constrained by 1981-82, domestic and international R&D spillovers and

The organisation and delopment 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
consideation of innovation as a process that engages a
chain of activities that can lead to different types of
innovations that then have diverse so@conomic impacts
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foreign technology purchases are highly statistically Freeman, 1987; Edquist, 1997; Lundvall, 2007; Nelson,
significant as compared to own R&D expenditures. Even1993), Regional Innovation System (RIS) (Saxenian 1994;
though technological strategies greatly contribute to the Cooke & Uranga, 1997), Sectoral System of Innovation (SSI)
productivity growh of Indian enterprises it is not directly (Malerba, 2002; Breschi and Malerba, 1997) and
reflected in export performance, which is also considered technological systems (e.g., Carlsson and Stankiewicz,
as an important indicator of a firm becoming more 1991), also known as a technological innovation system
innovative (Lall and Kumar, 1981). It is highly evident in high(Bergek et al., 2008; Hekkert et al., 2007). The NIS as the
technology sectors rather than medium aledv technology =~ common analytical framework for innovation &zonomic
sectors (Kumar and Siddharthan, 1994). A sesparcific growth. This considers a country as a unit of analysis. It
study conducted by Bhaduri and Ray (2004) examines theprovides the macro indicators in regard to interactions
technological capability of exporting firms in the electrical among actors, organization structures, institutions and
and electronic equipment industry. Firms in this industry learning processes as well as the facilitation. It considers
mainly depend on knowhow rather than knowwhy interactions anong actors as key for innovations. Actors
capabilities. In addition to these approaches, innovation Ol 'y 68 TFTANNAQ 2NBANYARQI @ANBFa Al yR
systems research focuses on interactive learning, (universities, R&D organizations) (Chaminade et al., 2018;
interdependence and ncftinearity wherein institutions  Shekar, K. C., & Paily, G., 2019he categories of
play the central role (Joseph, K. J, 2088gkar, KC., & organizations may generally be grouped awledge
Joseph, K. J., 20RZT'he innovation system perspective has producers and knowledge users. Whereas the system is
become a widely used analytical tool for academic based on these categories and the interactions among
research, policy formulation and implementation which them, institutions are very important in the innovation
aim at effective relationships among the agents and systems. In this context, institutions are considered as a set
increase the innovation efficiencyDosi et al., 2006). of routines, behaviour,regulatory tools, and policies
Therefore, the innovation system, which has by now (Edquist, 2005; Freeman, 1995). The set of organizations,
emerged as the most popular approach in innovation institutions, knowledge, interactions, and learning make up
studies, involves a more holistic framework to study the an innovation system and this system can be analysed at a
inter-related character of innovation processes as it focuseslower level as a sectorial innovation system.pdy of

on the intercependencies among the various agents, activities, actors, and products; and how these are
organizations and institutions while underlining the need interconnected determines the sector.

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

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

innovation systems are defined by the knowledge hihse

Since the late 1980s, innovatiggistem concepts have been supports a particular sector or technology (Carlsson, 2016).
developed and presented primarily by innovation In the sectoral system of innovation, innovative activities
researchers as a response to the shortcomings ofwithin a particular sector, a set of new and established
neoclassical attempts to explain innovation and products and the set of agents involved in the creation,
technological progress (Edquist, 1997). According toproduction and ale of those products are examined. SSI

/ KNRX & 02 LIKSNI CNB Syihngvation daxed & suipssses  spacific  technological and  geographical
networks of institutions, public or private, whose activities boundaries, with sectors being positioned sometimes in

and interactions initiate, import, modify, and diffuse new small regional clusters, yet sometimes covering global
iSOKy2t23AS8S4a¢ OCNBSYIyYyI wmdnetwarke, dsK Sor Aeyayhgled I viithir2 ymulinatiandl S Y =
with a focus on technology and information flows between corporaions (Stenzel, 2007).

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 researchersdapolicymakers

to study the innovation process, especially in emerging and
developing economies (Weber and Truffer, 203fekar, K.

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

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 btween actors; expectations about
future technology, market, and policy developments;
political and regulatory risk; and the institutional structures
that affect incentives and barriers. Thus, while conceptual
Different types of innovation systems have emerged since and methodological specifics vary, these mamcent

the identification of the concept dhnovation systems such  innovation systems emphasise the role of multiple agencies
as the National Innovation System (NIS) (Lundvall, 1992and distributed learning mechanisms in technological
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change. Rather than ghowerful firms or unidirectional a.

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

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

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

Hence, the guiding principle of innovation studies is that if
we can discover what activities and contextster 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 evoluatoy
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 existj or emerging demand, share a
common knowledge base, and are affected by a system of
actors and institutions (Malerba, 2002). Malerba (2002)
RS¥AySa {{L la I a&aasSia 27
carrying out market and nemarket interactions for the
S A2y S LINBRAZOGAZ2YS | yR
focuses then on the sector rather than on any geography. A
sectorial systems framework focuses on three main
dimensions (for a broader discussion see Malerba, 2004
and Malerba and Adams, 2019) that argpitally
distinguished as: a) knowledge and technological domains;
b) actors and networks; and c) institutions (Malerba and
Adams, 2019).

Knowledge and technological domainsA sector is
characterised by a specific knowledge base and
technologies. Knowledgplays 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 the have accumulated over
time (Cohen and Levinthal, 1990). Knowledge
especially technological knowledgmvolves varying
degrees of specificity, tacitness, complexity,
complementarity, and independence (Winter 1987;
Cowan, David, Foray 2000; Dosi andshie] 2010).
From a dynamic perspective, it is essential to

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

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

Institutions. The cognitive framgorks, 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 regulatien 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 intational
conventions oeestablished practices).

Actors and networks A sector is composed of

heterogeneous agents that include firms (e.g.,
innovating and producing firms, suppliers and users),
non-firm organizations (e.g., universities, financial
organizaions, 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 throudh processes of communication,

exchange, competition, control, and cooperation.

process that involves systematic interactions among a

of knowledge relevant to innovation and its

commercialisation. Actors are individuals and/or
2NBFYATFGAZYa GKI G
communication, exchange, cooperation, competition,
and governance, and various institutions shape their
interactions (norms, common habits, established

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

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

Prameswarang nnno 2y LYRAIF Q& YIydzZFl Old
There are several limitations of the SSI approach. Firstlywith Science, Technology and Innovation (STI) aspects of
interactions between various agents in the SSI are shapednnovation strategies such as research and development

by institutions at both sectoral and national levels. activities and creating access to explicit codified knowledge,

Therefore, delineating between national and sectoral and technical efficiency, etc. The novation system

boundaries is not easy. Furthermore, distinguishing the combining a strong version of the STI mode with a Doing,
characteristics of these institutions (norms, routines, Using and Interacting (DUI) mode can provide a better

common habits, established practices, rules, laws, picture of innovative behaviour of the firms (Jenson et al.,

standards) at both levels is a challen@zcond, SSls are 2007;Shekar, K. C., & Joseph, K. J., p022

also influenced by institutions at a global level. In some .

cases, the relevant geographical boundaries are global a;-s SyStem failure

well as sectoral and in sucbases,it is not easy to
distinguish the boundary between them. Thirdly, the
relationship betveen 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 relationghs and networks differ
across sectoral systems and therefore it can be difficult and
complex to compare them to each other (Baskaran, and
Muchie, 2019).

As peviously highlighted, the basic conceptual
underpinnings of the Sl 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 performand&mith, 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 efeents, systemic imperfections can
occur if the combination of mechanisms is not functioning
efficiently. This can translate into various types of system
failure:

Notwithstanding this, each of these components of a
sectorial system has its owaharacteristics 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 - Infrastructure failure, where there is a lack of formal

interaction among the parts drives innovation and change. institutions/institutional mechanismsas well as soft

. . . institutions, social norms, trust, values that hinder
Secbtrial systems studies also expanded to the analysis of innovation.
emerging and developing countries, as in Malerba and Mani
(2009), Malerba and Nelson (2011), Luz and Skiles - Institutional failure, where there is lack of
(2011) and Muchie and Baskaran (2017), in which the cases networking/linkages among the different actors in the
of several sectorial systenmsAsia, Latin America and Africa whole ecosystem.

are examined. More recently catelp by emerging and
new leading countries in different sectorial systems has
been examined by Lee and Malerba (2017 and 2020) and
has been associated with opening of windows of
opportunities and responses by firms and sectorial systems
in catchingup countries and incumbent countries (see in - Directionality failure, where there is a lack of shared
this respect Giachetti and Marchi 2017, Morrison and vision, collectivecoordination, regulation, targeted
Rabellotti 2017, Kang and Song 2017 and Lee and Ki 2017). funding regading the goal and direction of the
The sectorial systems framework has dieen adopted to transformation process.

SEFYAYS [ Kidb oy OF G@KNRYSHD & 2 Fopf NBRGtiof %a(ﬁdfeg MR ided by improper
(Lema et al., 2020), such as solar photovoltaics (Binz et al., anticipation and learning about user needs, shaping
2020), wind energy (Dai et al., 2020), biomass (Hansen & innovation based on user needs, lack of instruments for
Hansen, 2020), and hydro energy (Zhou et al., 2020). In supporting useted and open innovation, novel

these §ect9rs, the WmeYVS _Of 9pportun|ty for latecomers innovations/solutions not finding enough space in
are primarily driven by institutional changes that favour public procurement.

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.
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Policy coordination failure, due to a lack of mitvel FIGURE:Zriple Helix Model extension
policy coordination, horizontal and vertical

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

GOVERNMENT

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

INTERMEDIARIES

The systemicfailures 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 J
groups of actors to make changes in the innovation system
possible. Consequently, as opposed to the marfailure
approach for driving policy, a systems approach to
innovation is seen as more robust (Bergek et al., 2010).

ARBITRAGEURS
+ FINANCE

KNOWLEDGE BASED INDUSTRY
INSTITUTIONS

By using the systems framework as a tool for analysis, policy
makers can identify: (1) where systemic failures occur; and
(2) which actes should be addressed to make change
possn:.)le.‘. Mos.t problems. in thellnnovatlon system will not universities in knowledgbased economies. From a
be unidimensional but will consist of a complex mixture of . . .

business perspective, the most important channels of

causes and effects, and involve several actors. By using th?ransfer of knowledgeare open science, property rights

framework, priorities can be given tdé most stringent . .
) ) ~~  human resources, projects of collaborative research and
obstacles for innovation and thus also serve as a guideline .
) ) i ; development (R&D) and networking among actors (Cohen
to implement innovation policy. etal., 2002; Hanel & SPierre, 2006; Arza, 2010; Bekkers &

2.4 The Triple Helix (TH) Model 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 wellaborated
framework for understanding central inquiries in
innovation processes, including a) Whhaé 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 knowledgkased institutions (KBIs), firms,

Etzkowitz (2002) states that interaction channels are
necessary when firms and government are related with

Besides the systems approach, there are other tools that
have the potential to offer similar facilitation for inmation

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 operationalising the IS
concept. However, this might require settiugp a proper
framework ata low scale to set the foundation for the
running of the system, which is expected to be inclusive and

Soc'a"Y embeddgd |n. the ~context of - developing governnents, and hybrid organizations at the intersection
countries.This interaction ~ between  government, . these three helices (Etzkowitz and Leydesdorff, 1995;

dzy AGSNBEAGASA FyR FANXA Aa Léy&&@l’ﬁ é@oﬁ.%tzk%\kﬁtz a%&l.seyde%&om&lléloﬁed l

Model proposed by Etzkowitz and Leydesdorff (1997). Th'sthe Triple Helix Model to explain the dynamic interactions

model is a descriptive construct of the components, between academia, industry, andegrnment that foster

|nteraF:t|on channels and functl.ons or benefits of an entrepreneurship, innovation, and economic growth in a
effective NIS (Ranga and Etzkowitz, 2013; Santana, 2016)'knowledgebased economy (Etzkowitz & Leydesdorff,

2000).
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According to the literature, the scope and intensity of the The transformation of universities is of particular relevance.
interactions between the three actors arreflected in After having incorporated research as an additional mission
varying institutional arrangements, referred to as Triple beyond teaching, universities regnise their role in the

Helix Type I, II, and Il (AMpe |, II and 1) (Etzkowitz and pursuit of economic and social development (Etzkowitz and
Leydesdorff, 2000; Etzkowitz, 2003, 2008; Ranga and.eydesdorff, 2000; Webster, 2000; Ranga and Etzkowitz,
Etzkowitz, 2013). 2013; Etzkowitz, 2008, 2017). Hence, universities take on

In the TH Type |, the three helices are stropglefined, entrepregeurlal ltaskts Sl:Ch as t:earketlng knowflfedge

GAGK NBEFGAGSEe 68F1 AydsNIeHaagdnpiogyransiersandine graafion of sifis &« 5 4
and startups, “as a result” of both mternal and external

nation state encompasses academia and industry and f Et 2017: Etz " Levd

RANBOGA G(KS NBfrGA2ya 080D %egc fk( Ztﬁoﬁ"? 5 20050 "ic;"i'ﬁ a”f't i eSFof:R

Leydesdorff, 2000: p. 111). New knowledge is produce d zrowitz et a ) ese entrepreneuria
activities are assumed with regionaldnational objectives

only within universities and resarch centres. Hence, TH

Type 1 is largely viewed as a failed development model Wlthin mind, as well as financial improvements to the university
y2i Syzdak NB2Y T2NJ woz i dadvine Bpyly (EF?EX‘”H ‘?tta' A ek dot"kg Sﬁ(fs
GAYyy2@LGAz2y s1a RA2O2dNI 3 “Ee'verﬂhes CRASNP B /Py WS 8'5°9005°5 5%
(Etzkowitz and Leydesdorff, 2000, pg 112). To achleveso lated from society, but interact closely with industry and
statist reforma 6 KS FANBG aiGSL) X8 ggvernmeq{ (gtszmQtzZandSLﬁyge?dﬁr: é?\?o EIZ%OV\\I]IIZ et
down control and the creation of civil society where one |s HAann u2

1 O01Ay3e 069G1126AGT= wnnol afad:['ﬁﬁ %}mensmn &harlﬂg kqe\gl?\ﬂﬁe am@gieach %hgr

minimal direct connection to the needs of society, which in L evdesdorff NI c;i\};t ky Ht 189;( LJ;; e SSa” .
turn discourages the introductionand diffusion of (Leydesdorff an Zrowtz, $9.98), as well as

. . . . . increasing collaboration with knowledgmased institutions
innovations in the economy (Martin and Etzkowitz, 2000). 9 ) ) g ) )
(KBIs). Improved universitydustry collaboration is

Triple Helix Type Il is characterised by decreasing direclvisualised through: i) an increased patenting output,

control of the state on the functions of Type | with a shiftof LJ} NI A OdzZf NI & | a GKS& INB | GNBLR
focus on fixing market failures. The mechanisms of how the saially organised production of scientific
communi@tion between the actors are strongly influenced { y26f SR3IS Aa AYUSNFIFOSR sAGK (KE
by and deeply grounded in market mechanisms and 2004); ii) the increase in university revenues from licensing

innovations (Nelson and Winter, 1982; Bartels, et al., 2012).(Perkmann and Walsh, 2007); iii) a greater proportion of

The point of control is at the interfaces (Leydesdorff, 1997) industry funds making up university imme (Hall, 2004);

and consequently, new codes of comnication are and iv) the diffusion of technology transfer offices, industry

developed (Leydesdorff and Etzkowitz, 1998b). Research igollaboration support offices and science parks (Siegel et

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

As research becomes increasingly multidisciplinary andGovernments therefore create incentives through

applied, societal needs have a direct influence on it ¢ A y ¥ 2 NI $ff betiviidn Rn8estments in industrial

(Etzkowitz and.eydesdorff, 2000; Martin and Etzkowitz, policies, S&T policies, and/or delicate and balanced

2000; Ranga and Etzkowitz, 2013). AYGSNBSyGAazya G GKS &dNHzOG dzNT €

THC 2 LIS LL Oly 65 -DRyHBAS N’:ERHﬁrgst dlgﬁeptlx Q%r%l? a shift in the traditional role of i}
AYGSNI OGA2Yy GAy GKAOK LIS PRUEy&om ihefacilitaton of agie ssigsS i 2 7) (5% WO NA
competitively rather than cooperatively in their relations TdyOlrzyQe Ly | yddiakSttz GKS ¢
6AGK S| (Bekomitr, REBIIG.305). To summarise the three spheresuniversities, industry, and government

andcompareTH 8 LJSa L FyR LLX aai lover/{ag gnd 5h§|r(§)gugd€r}\e§becor§eyml_%g lpern;\egbg A
the coordinating role of government while laissiire complex network of organizational ties develops indinats

societies focus on the productive force of industry as the and ideas move around the three helices, and synergies are

prime mover of economic and social deveRy Sy i maxnm|sed (Etzkowitz, 2002). Actors evolve and assume

(Etzkowitz, 2008, pg.13). SI OK 2GKSNINa NeBiSazx gAlK ySg Ke
at the interfaces, for example incubators, accelerators,

Furthermore, in THype I, the three actors assume each ggjence parks, technadly transfer offices, venture capital

20KSNRa NBESa Ay UGKS AYyadlkighdzddyd Metwbrks, dahdisociBapital fudds Etekblitz, F & G K

performance of their traditional functions. With the 2000: Etzkowitz and Leydesdorff, 2000; Etzkowitz, 2002;

emergence of THype Ill, a complex network of Ranga and Etzkowitz, 2013).

organiational ties has developed, both formal and

informal, among the overlapping spheres of operations.
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The Triple Helix Model has also been applied to the contextii NI y a4l QéiA2y LINRBof Syaé o[ A FyR %l
of developing eonomies. Case studies document how said that a combination of both formal institutions and

innovation and learning processes differ in developing (informal) cultural valuesan provide the proper incentives

economies, what factors constrain the adoption of more to reduce transaction problems. Arbitrageurs are therefore

integrated Triple Helix models, and how actors and of vital importance as the innovation process requires
mechanisms cope with these factors (Sarpong et al., 2017)internal and external intermediation (financial, knowledge,

In this regard, it has been noted that while the components transacting and investment), and as such, commgat the

of the triple helix do not change, the intensity and quality traditional Triple Helix Model.

of their interactions are often weaker than in developed _ .

) ) ) ) Intermediaries are recognised as actors that place
economies (Dzisah and EtZkOWI,tZ’ 2008). Gene.rally, n ordeEhemselves in the middle of relationships between other
to address such etlenges effectively, through tailored and . . o

o ) _ actors, or actors that facilitate the process of interacting in
targeted policy interventions, there is the clear need for exchange relationships. Four roles of inteminries

system level measurement. . S . L
include: (a) consultant, providing information and advice in

2 5 Towards an Analytical the recognition, acquisition and utilisation of the relevant
intellectual property and technological capabilities; (b)
Framework broker, brokering a transaction between two or more

é)arties; (c) mdiator, 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 shc collaborations
(Chunhavuthiyanon & Intarakumnerd, 2014; Chappin et al.,
2008).

The framework for analysis of the IPSSI is grounded in th
literature, but it extends theraditional model in two main
ways and is referred to as Triple Helix{Tybe 1V) Type ¥/

17 The THIype 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 theNakwa et al., (2012) highlight the importance of

context of the Fourth Industrial Revolution. intermediaries in transforming prexisting interfirm

networks into more robust, dynamic, and sustainable
systemoriented netvorks. In addition, Nakwa et al., (2012)
AYRAOFGS GKIFIG GAYGSNNYSRAINRSE LX
policy level by channeling resources to industry; a brokering

role at the strategic level by linking triple helix actors; and a

boundary spanning role athe operational level by

LINE JARAY 3 aSNWBAOSa GKIFG FLEOAtAGE

Arbitrageurs can be defined as venture capitalists, angel
investors/ networks and knowledge bralee 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 tle provision of links, knowledge
sources and even technical knowledge so that firms canlntermediary organizations are pertinent in facilitating the
improve their performance, in terms of survival rate, as well flow of knowledge, technology, and skills among the actors
as accelerate and increase the effectiveness of their of the SI. Within this actor group, institutions suping
innovation processes (Zook, 2003; Baygan andtechnical change (ISTC) promote knowledge generation,
Freudenterg, 2000). Their resource allocation role is based technology = development and commercialisation;
on the assessment of advantages in information facilitators like industry associations establish and reinforce
asymmetries (Williamson, 1969, 1971, 1973) (Bartels, et al.the links between system actors through networking;
2012, pg.7). However, information asymmetry and enablers such as industrial parkad incubators support
dzy OSNI I Ayde Oy t S| R ountgies (i Naditlyiafriashuctire, ffamedidR cohdfions, dapabilities and
seeking to encourage the emergence and growth of related resources and funders (Letaba, 2019).
entrepreneurial firms need to devise ways that reduce

Yolo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Vo Vs

16 | eydesdorff claims no ex ante or necessary limitation to three helices for the explanation of complex developments,dilipiogtess that an Ntuple

or an alphabet of (20+) helices can be envisioned. However, in scholarly discourse and for methad@agons, 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 nestate organizations, institutions and movementsas in recent years emerged as thajor force for change

in the realms of politics, public policy and society both globally and locally. It is also recognized as an actor inrtiegi@lik (Roman et al., 2020). Yet,

despite the crucial importance of this political phenomenon to thegiple 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 incligeovjtton of bottoraup insights,
particularlyas civil society represents demasitle 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 developrgenta. However, despite the aforementioned

benefits civil society comprises a heterogeneous group of actors who must themselves be approached differently ane theeeforement is a challenge.
It would be important to note that participation of civil siety should be included for the policy selection and implementation process.
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Table 2 below shows core actors, arbitrageurs and generation
intermediary organizations by the function they perform in acquisition, and transfer; product development; testing
the Indian food ad beverages sector. These functions span service; commercialisation; and business development.

across the innovation value chain, namely: knowledge

and

transfer; technology development,

TABLE 2ntermediary organizations by function in thpharmaceuticalssector

Knowledge based

Function institutions
Technology Development T bLt 9wQa
1 CSIR Labs
 ICMR, NCL
Technology Transfer 9 Biotech Parks*

i Science Park

1 Universityenterprise joint
research centre

1 Universityownedenterprise

centre
Technology Acquisition 1 ICMR
1 CSIR labs
R&D

Knowledge Transfer

IP Protection 1 Science Park

Infrastructure Development

Product Development 1 bLt OwWQ&

i CSIR Labs
 ICMR, NCL

i Biotech Incubators*
1

Human Capital Development Universityenterprise joint
research centre,

1 Pharmaceutical Colleges

Business Development f Science Park
1 Incubator
{ Industrial Park
Funding 1 Universityenterprise joint
research centre
Fund raising
Agenda setting

Testing & certification services 1 Universityenterprise joint

research centre

Source: Letaba, Petrus (2019)

= =a

= =a

=

== —a - -a-a

Government
BIRAC T
Department of Biotechnology 1
(DBT) i

Department of
Pharmaceuticals (DoP)
Ministry of Chemicals and
Fertilizers

BIRAC

Department of
Pharmaceuticals, Ministry of
Chemicals and Fertilizers
Department of Science and
Technology (DST)
Department of Scientific and
Industrial Research (DSIR)

Department of
Pharmaceuticals,

Ministry of Chemicals and
Fertilizers

BIRAC, Department of
Biotechnology,

Department of
Pharmaceuticals, Ministry of
Chemicals and Fertilizers

BIRAC

Department of
Pharmaceuticals, Ministry of
Chemicals and Fertilizers
Pharmacy Council of India

= =4 —a —a

Patent offices 1

Department of -
Pharmaceuticals, Ministry of
Chemicals and Fertilizers
Ministry of Education

Ministry of Health

Department of
Pharmaceuticals, Ministry of
Chemicals and Fertilizers

Pharmacy Council of India 1
Bulk Drug Park of DoP

=a -4 -a-a

DBT -
Department of

Pharmaceuticals (DoP),
Ministry of Chemicals and
Fertilizers DSIR

TIFAC

Department of -
Pharmaceuticals, Ministry of
Chemicals an@ertilizers

The Central Drugs Standard =
Control Organization T
(CDSCO) 1

Drug Control Authority of
India

Ministry of Environment
DGFT

Ministry of Commerce

CDSCO
CSIRCSIO

o Arbitrageurs
Intermediaries (VCs, Angels, NBFCs)
IPMA
IDMA
BDMA

BDMA

IPA

IDMA

Ayurvedic Drug
Manufacturers Association
(ADMA)

IDMA, OPPI, IPMA

LSSSDQ.ife Sciences Sector
Skill Development Council
IPA

IDMA

Incubator
Industrial Park

OPPI
IPA
IDMA
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Compared to the Triple Helix Type Ill, our augmented The adoption of the 4IR ardigital transformation requires
version of the model also gives prominence to the fourth investments which could be satisfied with the help of
industrial revolution (4IR) and digital transformation arbitrageurs such as venture capital (Deloitte, 2018a).
through ICTs. Through the spread of digital information and Innovative technologies are becoming more prevalent and
ICT, a new technological wavedaa new corresponding venture capitalists are making even greater investments in
mode of development has emerged (Perez, 1983; Freemarnthem. Venture capital investments in 4f&used startups
and Louga, 2001; Mowery, 2009). Innovation activities have steadily increased, both in terms of size and number
shape and use ICTs with lagged but often large effects onof deals. Globally, venture capital investments in this arena
productivity and innovation in both developed and grew from approximately US$ 600 million in 2014 to US$
developing economes (Paunov and Rollo, 2016; Hjort and 2.3 billion in 2016, apresenting a 40% CAGR (Deloitte,
Poulsen, 2017). The channels through which ICTs affec018).
FANVAQ LINBRAZOGAGAGE | yR A 2 (A2 I NS Ydzt ALY S Y R
. a ) Z0UADALE y . y Mowegver,u ventt%e CaBll‘t:ghStS needu to gte mzlndful %tR
difficult to disentangle. For example, ICTs can facilitate . . . . .
. ) ) ) conservative and riskverse investment strategies that fail
access to information and knowledge, fosteyilearning . L .
. i to consider a broad range of promising investments bias
and knowledge flows, or ease communication among firms L s - .
. . . towards companies in specific narrowly definedustries.
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 takdull account of the local environment in which
actors operate, suggesting a potentially large role for
evidencebased policymaking in this area (Koria et al.,
2014). Due to the rapid changes in technologies linked to digital

. transformation and the 4IR, firms require the support of
Today, ICTs are at the centre of what many believe to be. _ o
intermediaries as knowledge brokers. Intermediaries can

the Fourth Industrial Revolutio (4IR) (World Bank, 2016). .
ensure that knowledge spillover processes are more

Each of the .actors in the Triple Helix Typfs IV has 6? Specm?nclusive for firms and thereby contribute to developing
role to play in the context of the 4IR. Using analytics and

) ] . - their absorptive capacities. In addition, intermediaries have
data, the 4IR allows firms to identify new opportunities, . . . -
. i . a vital role in building efficient technology transfer systems
expand their businesses and tap into new markettR . .
) ] ) ) o between actors of the system of innovation (Karlsen et al.,
technologies enable firms to increase their productivity,

provide better customer experience, and optimise 22).

resources. Considering the above, utilising the Triple Helix Type IV for
measuring the Indian Pharmaceutical Sectorial System of
Innovation (IPSSI) provides an evidebesed framework

for identifying barriers and priorities, leading to the
articulation of policies and targeted shertmedium, and
long-term interventions.

2021). Regular communication between arbitrageurs and
especially with industry and other actors such as KBls,
government and intermediaries can help VCs understand
the dynamics of theector and invest accordingly.

Universities have a great role to play to make the 4IR a
reality, particularly through fostering the development of
future skills & well as acting as test beds for new
technologies. The role of the government in the context of
the 4IR is to facilitate the adoption of emerging
technologies through support infrastructure and
regulations Kucirkova, 2019)
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{ dzZNISé aSiK2R2f 238

The Indian Pharmaceutical Sectorial Systenmobvation 3.1 Sample Selection

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

of the SSI as a basis for evidef@sed innovation policyfor | & LISNJ 0KS a¢KS2NBGAOLE CNI YSg2
the pharmaceutical sector, one out of the five sectors Survey focuseson five core actor groups, namely:

surveyed under the sectorial system of innovation government (GOV), knowledgmsed institutions (KBI);

component of the National Manufacturing Innovation arbitrageurs (ARB); intermediaries (INT) and industry (IND).

Survey 202P2. The executive policy community, essentially the

Essentially, two basic forms of data collection exist, those govgrnment (GOV), is rgpresented by hlgh.el .OffI-CIa!S
with and those without an interviewer, or, phrased (national and state level) in the relevant public institutions

differently: interviews and setidministered ::at arr]e dlrectlyt.or I|nd|retctly ILespolnslble fc;r :nn?:/e:.tlon in
questionnaires (De Leeuw, 2009 in Dillman edferiiew € pharmaceutical sector. nowecgase. ns. t |ons.

. L . (KBIs) are represented by the heads of university faculties/
surveys can either be administered in person or over the

telephone.There is a great deal of variation in the use of departments  fron the disciplines — of engineering,

. . technology and innovation, thintanks, as well as both
these methods across countries, due to technical reasons, ) ) o ]
lack of infrastructure, or cultural norms (Dillman, 1978 public and private research institutes (RIs). Arbitrageurs

Dillman, 1998) Selfadministered questionnaires take on (ARB) comprise the venture capital, angel investors, and

. L . banks or other financial institutions and are repented by
many forms and can be used in group or individual settings. . . )
. . . their respective heads or senior management.
A weltknown example of a sefdministered questionnaire

. . . . . Intermediaries constitute industry associations and

is the mail survey, and its computerized equivalent, the dituti ing technical ch h lat
. . institution rtin ni n r r

Internet survey, which is the currenbrm (Raziano, et al., stitufions supporting technical change such as regulatory

2001; De Leeuw et al, 2003). Often a combination bodies and are represented at the managerial level. The

approach is used, particularly when there is the need to askmdustrlal communlty. is represeed by the CEOs of firms
. . . from the pharmaceutical sector.

sensitive questions. All the taxonomical approaches

mentioned are respondent orientated, and the method Procedure:

choice is compleand based on a delicate balance between

the quality of the data acquired, time and costs. Nondirm actors, namely GOV, KBI, ARB and INT were

sampled on a convenience basis. A frame was prepared for
The Internetbased approach was chosen in line with the the pharmaceutical sector with around 200 relevant non
NBFaz2yAy3 2F Y2NRI I Sid F ©Fm 4ctor Withid GOVIKKBI (505, ARBI4Y) andiNT fo¥)A & A y 3
use of the budget, internet surveys can covenach larger  which was treated as the universe and the sample.
sample size than the conventional mail survey (Berrens, etsampling for firms (IND) were conducted through stratified
al., 2003); ii) the time dimension associated with random sampling across 28 states and 8 union territories,
conducting wekbased surveys is much lower in comparison the five sectors, including the pharmaceutical sedtom
to other forms (Cobanoglu et al., 2001); iii) the quality of the National Industrial Classification (NIC) 21 (2008) and
retrieved datais higher in terms of nonesponse and the  their respective firm sizes measured through a combination
ability to include conditionality in a discreet manner (Olsen, of turnover, investment in plant and machinery or
2009); iv) a higher reliability of data is achieved due to the equipment or employment.
reduced need for data entry (Ballantyne, 2004; and Muffo, ) ] )
SG Ff®F nnno020K., pE)2ad k)Sthe SEhe s:f_m%p?hng frame for firm actors ,ha}s“been obtalnemfrvo o X
emergence of the COVD® pandemic restrictions during u %S ; o !A yydzt dzN.I?S € -12flamd, Me? dza U NA ?
the implementation phase of the project which limited ['SYUNB F2NJ azyAidzNh )/3' LYRAFY 90
faceto face interaction. datAatzase (20189) and the Department ot SC|enAcev a,nd
¢SOKy2f 23eQa ¢ 519) ¢ith atetalNI5,05 2 NE O H N
firms from the pharmacetical sector. After sampling, 785
firms were to be surveyed from the pharmaceutical sector.

a
2
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The target population is broken down into similarly enough units in the respective domains to produce results
structured subgroups or strata, which are as homogeneousof acceptable quality Wherever possible, turnover and
as possible, and form mutually exclusive groups. investment in plant and machinery or equipmési9, as
Appropriate stratification will normally give results with per the 2020 MSME definitiorare used to calculate firm
smaller sampling errors than a natratified sample of the  size as listed below.

same size and will make it possible to ensure that there are

FIGURH-irm size classification

ST

—
(3]
>
o
c
=
=

'—

> 50 cr X pn

The Government of India notification mentions that: If an - The classification of firms into large, medium, small and
enterprise crosses theeiling limits specified for its present micro is only a rough estimate given the universe is a
category in either of the two criteria of investment or combination of 3 databases with the absence of similar
turnover, it will cease to exist in that category and be placed parameters to measure firm size.

in the next higher category but no enterprise shall be placed .

in the lower category unless ibgs below the ceiling limits 3.2 Data Colletion

specified for its present category in both the criteria of

. Due to the technical nature of the data to be collected it is
investment as well as turnover.

imperative that the quality and integrity of information is
In some cases, employment data was used as a proxy foensured. Consequently, the outlined approach was utilised
firm size and the firms were reclassified post the survey. to maintain a level of rigour in the selection of enumerators
from the Indian knowledgébased and technical

Largec 200 + employes (Kapoor., 2016, p.
9 ployes (Kap P12 institutions, as compared to standard data collection firms.

Medium¢ 50 to 199 employees The merits of the approach are outlined below:

Smalig 20 to 49 employees Selection of enumerators and retention

Micro ¢ 0 to 19 employees (Kapoor., 2018, p.12) Criteria: Given the highly technical nature of the
Limitations: information collected it is imperative that the selected

enumerators were able to:
The data collection was impacted due to the covid crisis

as businesses were closed. This affected the survey
response rate to some extent with an overall response

rate of 48.83%, a firm response rate of 48.28% and-non .  Effectively communicate innovation constructs to the
firm response rate of 51%. target respondent.

Comprehend the specifics of innovation and systems of
innovation.

Absence of a baseline for evaluating the performance . Guide the discussion as and when required, based on

of sectorial system of innovations in India as there are some degree of understanding and exposure to
no priorsurveys conducted along the same lines.

Yo o222 oY Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

BeKS SELINBaarAzy aLXFyd FyYyR YIFIOKAYSNE 2N SlidALIYSyidé 27T niashBenbiytie$nbdniblh 4 S5 &K f
Tax Rules, 1962 framed der the Income Tax Act, 1961 and shall include all tangible assets (other than land and building, furniture and fittings):
https://msme.gov.in/sites/default/files/IndianGazzate fif

19 Data on turnover and investment in plant and machinery or equipment is infl@@jnsted usingCPMwith base year 2015. Investment in plant and

machinery or equipment values are adjusted for depreciation by taking their net values.

20 Small firms are defined as those having less than 50 employees, medium firms0az9@ &mployees and large firms are defined as those having 200 or

more workers.
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innovation in the sector, which will also enable them to level. This enhancement of the DA&lows for greater
support data analysis and reporting. accuracy and impact of the policy recommendations in the

. . . short-, medium, and longterm.
Demonstrate experience in data collection and o

therefore be able to extract nuanced information. 3.4 Survey Operationalisation

Communicate in the relevant regional language of the

focus state: and The launch of the survey was accomplished by using a

combination of both the free opesource software tool
Summarise the findings and participate in further |ime Srvey® as well as, where possible, ftwdace
analysis of the data to support the UNIDO team. interviews. The Lime Survey® tool is an advanced online
survey system. The outputs from the verification protocol

technical aspects related to the pharmaceutical sector and were uploaded into the Lime Survey® system and individual

data collection techniques with the Lime Survey®interface.t°kens were assigned to each targetspondent. This

In order to ensure data quality, Lime Survey® enables reafeStriCtGd survey access solely to the targeted qualified
time tracking of enumerators to the respondent level individual respondent, therefore greatly enhancing the
through the bak end. It also signals when surveys have fidelity, reliability and validity of the results obtained.

been partially completed. The fact that an online interface As previously mentioned, the IPSSI Survey was launched
is being used means that there is zero transcription error, remotely ace the initial critical mass of target respondent
that is, once the response to a question is given it is contacts had been gathered. The survey was remotely and
automatically updated to the databasén addition, spot  non-intrusively managed via the Lime Survey® interface.
checks from the response data are randomly taken to Electronic reminders were sent out to the target
ensure data quality at the level of each individual respondents who had only partially completest not
enumerator is being maintained. responded at all. This process was facilitated by the
C . structure of the Lime Survey® bashd, as the system logs
3.3 The Data ACC]UISItIOI’] Survey the exact date and time at which the survey was accessed

Instrument (DASI) and to what degree it was completed.

Enumerators were trained on systems afnovation,

For those who hadhot accessed the survey for a long
period, a follow up was made telephonically to monitor any
e potential technical difficulties. Once responses were
completed, they were automatically uploaded into the
survey response database. On completion of data

The Data Acquisition Survey Instrument (DASI)HellPSSI
Survey was created using an interactive msiép process,
and currently stands at its fourth iteration. The provenanc
of the earlier iterations of the tool can be found Ghana
Kenya and Cabo Verde National System of Innovation
Survey ReportéBartels and Koria, 2012, 2015; Koria, 2019). colledion, the survey responses were analysed with the
The current iteration, DASI4, saw the introduction of new planned statistical analysis in mind. Figure 3 shows the
actor-specific questions to support measurement at the steps associated with the data collection process.

sectorial level and to provide better insights at the actor

FIGURE:®perational Methodology

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

Sensitisation of Respondents Reporting

Launch Survey
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3.5 Secondary Dat&ollection LNBE&SydsSR Ay U(KS awSada
report.

In addition to the primary data collection undertaken, it is .
crucial to gain a view of what is being presented in the form 3.6 Stakeholder consultation
of secondary sources at the sectorial level, particularly
those from the government. The secondary sources that
were analysed compresl 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
what is presented within policy documentation from the
actual results obtained? The results thfe analysis are

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 speicif 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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4.1 Indian Pharmaceuticals Sector: expected to reach US$ 150 billion by 2025. The impressive
growthin the pharmaceutical industry during the pandemic

Structure and Dynamlcs is attributed to the formulation development capabilities,
the trained workforce, and reputation in major
international markets like the United States and Europe.
India supplies 50% of the global demamd ¥accines and
80% of the global demand for aattrovirals, as well as
40% and 25% of the of the generic demand in the United
States and United Kingdom respectively.

The Indian pharmaceutical industry has shoivaredible
resilience in meeting not only domestic demand but
meeting global needs in ensuring the availability of critical
medicine. It is the third largest player globally, regarding
volume, and is the largest supplier of lawst generics and
vaccines ¢ the worlc?1.Drugs and pharmaceuticals are the
F2dzNI K Y2&ad AYLRNII yi SELR Nie IndiagnYédicRl dévices Angustry gtéod bt M5$ 19.86.J2 NI
basket in terms of value. By volume, the country accounts billion in the FY 2020sanking it 19" in the world. The

for 20% of the global supply of generic medicines and 60%market is projected to increase at a CAGR of 37% from

2F (KS 62 NI RQa UgitedSates/issthe kayzl JIRORE® to¢réash US$ 50 billion (India Brand Equity

trading partner in this industry. Currently, the sector Foundation, 2022). The diagnostic imaging market alone is
contributes to 2% of the gross domestic product (GDP) andexpected to grow at a CAGR of 13.5% between 2020 and
employs 2.7 million personnel; varying estimates of indirect 2025 (Singh, 2022)The Commerce ministry data analysed
unrecorded employment place higher figures overall. by the Association of Indian Manufacturers of Medical
Devices (AiMeD) shows that the imports of medical devices

The pharmaceutical industry has grown immensely, from . .
have gone up drastically, by 41 %, to INR 63,200 crore in

US$ 40.8 billion in 2020 to a projected figure of US$ 130 . .
202122 from 44,708 crore in FY 2B21, making the level

billion by 2030, at a combined aggregate growth rate fi td g d 80%t6rdani. 2022) In thi
(CAGR) of 12.3%, with a previous CAGR of 9.43% over the PO cependence aroun erdani, 2022)In this

last nine years (IBEF, 2022). Varyastimates of growth scen.ario, the deve.lopment_of medical devices is IimiFed to
predict the market to be US$ 60 billion by 2025 growing by sgr.glcal an_d medical equipment and r?ew _categorles of
a rate of 11% annually over the next two years (C AREfjlgltal devices and wearables are primarily based on
Ratings, 2021). The current size of the domestic imported products.

pharmaceutical market is US$ 50 billion, up from US$ 220 dH h @ é N.ﬁ A S 17} 2 F L y FVQ Al

billion in 2021, wich is expected to grow to US$ 65 billion . .

by 2024 (Economic Survey, 2021). Formulations andl\/Iarket in the Pharmaceuticals

biologicals continue to account for a major share in total |ndustry

exports at 73.31%, followed by bulk drugs and drug

intermediates with exports of US$ 4437.64 milfidfFgure  India is the 12 largest exporter of medical goods in the

4 below). world. It currently exports to 200 countries globally, with

GKS !'yAGSR {drGSa oSay3a I+ 18
drug exports stood at US$ 24.62 billion in 2022 and US$

upon patent explry in the United ;tates f_md the _nlche 24.44 billion in 2021. The major categories of APIs (active
upcoming market in new age medical devices, a view of . . . .
pharmaceutical ingredient) under export are anti

reIaTted |ndust_r|es like blotechno!ogy is also necessa.ry. Thelnfectives, antasthmatics and anfiypertensive and
Indian biotetinology industry comprises

. . X ) i . ) cardiovascular drugs, adtiypnotics, sedatives, and
biopharmaceuticals, bigervices, bieagriculture, bie - . .
i 4 bioin ) The Indian bi hrol tranquilisers. Bulk drugs comprise 50% of the domestic
fndustry, an ||0|nd0rmaLtJ;z 703 br?”_lan ) |02t(e)gono Odg¥ market at INR 42,000 crore (US$ 5.10 billion) and 9% of the
Industry was valued at < oriion in an Isglobal market. The Indian API industry is the [&rgest

Due to the increasing importance of biologics, developed

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

21 |mpact of the Pharma Industry on the Indian Economy, KIRWGE | Reporttips:/ficci.in/spdocument/23599/Ficci Pharraeport.pdf

2KHLyRAF Q& LIKFNYI  SELR NI & -1& ph@rBa exphis gny20 222 sustmim afjesitive yrgvidtedespite glabal trade disruptions, pharma

NI RS o0lflyOS O2yiliAaydzSa (2 0S5 AySEWRMIEDAOITFE DVAINE /K NB AR WP dzR21F0 §F RXH NI $iKE Y
Ministry of Commerce and Industries, Government of India, Press Information Bumigasi//pib.gov.in/PressReleasePage.aspx?PRID=1821747
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globally, contributing towards 57% of actve 6y 2¢ T o0 TFT2NJ W5NHZA HFSNNMEAR KK 2y 3
pharmaceutical ingreents on the WHO (World Health SELJ2 NIi &aKFNB 2F my: Ay W. dzZf | RNXz
Organization) prejualified list3. Figure 4 shows the broad W! @ dz&a K | yR KSNB I f LINRBRdzOG&Q | YR
categoryg A4S O2YLRZAAGAZY 27F Ly RinmbsOdublBdiheirdbdies Ay GKS C, HAHAN

-21 and FY 20 222. India retains an export share of 78%

FIGURE® ELIZ NI O2YLRaAlAizy 27F

Cateogry wise ExportsFY21

Ayush and

LYRAI Q&

LIKF NI OSdzi A OF £ & Ay Rdza i NB

Cateogry wise ExportsFY22

Ayush and

i Hearbal Products

Surgolcals 206 Hearbal
2% Products 4%

Surgicals4%

Builk Drugs & Drug
Intermediates
18%

Builk Drugs &
Drug
Intermediates

18%

Drug
Drug formulations &
formulations & Biologicals

Biologicals 74%

78%

m Drug formulations & Biologicals = Builk Drugs & Drug Intermediates  m Drug formulations & Biologicals = Builk Drugs & Drug Intermediate

Surgicals Ayush and Hearbal Products Surgicals Ayush and Hearbal Products

Sourceindian Brand Equity Foundation

However, the scenario of import dependence on 53 APIsterm target is to reduce import dependence by 25% by the
from China, used in producing medicines for critical year 2024.

illn in som n impor nden f . . .
esses (in so .e cases & port dependence of up toThe pharmaceutical industry demonstrated a growth in
90%) (Chaudhuri, 2021) and thesudtant delays and cost - .
valueadded for pharmaceuticals on a yean-year basis

due t ly chain i in th demic h . . .
overruns due fo _sup.py chain issues in the pan. emic Z_ivefrom 4.9% in 2021 and is projected to grow at a rate of 6.9%
led to the realisation that a change of trajectory is

) in 2023. In contrast, healthcare demonstrated a growth
mandated to sustain the current growth and reduce

barriers t + While th th of the sh ¢ Chi rate in valueadded yeaon-year of 8.1% in 2021 to a
. arriers to export. e the growth oTthe share 9 inese projected growth rate of 4.7% in 2023. Currently (2022) the
imports ha been reduced over the years to 50% in the case

. . Indian pharnaceuticals valuadded output is growing at
of bulk drugs, the challenge this poses has been the subjecte% annually due to the ongoing rollout of COVID

of Yarlous dellberatlor.fé. Therefore, .tt-1e Government of medications, rebound in noGOVIRelated medical
India (Gol) has committed US$ 1.3 billion over the next ten . . .

o ) . treatments and a surge in generic medical exports.
years, as part of a produoti linked incentive schemeto
facilitate import substitution and selkliance. The short

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

23 For the WHO list of 162 prgualified active pharmaceutical ingredients, seéps://extranet.who.int/pgweb/sites/default/files/documents/API PQ
List V@ 110ctober2022.xIsThe list of finished pharmaceutical products under assessment is available at:
https://extranet.who.int/paweb/medicines/dossiestatusFor details on the preualification procedural and other requirements, see:
https://extranet.who.int/pgweb/medicines/activepharmaceuticaingredientsO

24145 G yRAY3 [/ 2YYAGGSS 6Ddz2NIt [/ 2YYAGGSSO
http://164.100.47.5/committee web/ReportFile/13/97/145 2018 7 13.pdf

25 See Operational Guidelines for the Production Linked Incentive Scheme for Pharmaceuticalspli -
pharma.udyamimitra.in/Default/ViewFile/?id=OperationalGuidelinesofPLIschemeforPharmaceuticals.pdf&path=N8eé édso, Revised Guidelines for the
Production Linked Incentive Scheme for promoting the dsticemanufacture of Medical Devices:
https://[pharmaceuticals.gov.in/sites/default/files/Revised%20Guidelines%200f%20PLI%20Medical%20Devices%20dated%2018108.2022.p

WSLE NI 2y / 2YYSNbaSedetadamy 0 A0t SR
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Among the conditions influencing the financing of outside the US (including those for APB)50WHOGMP
manufacturirg and research and development activities, in approved plants an@886EQDM approved plants (European
terms of structural factors, most including business, Directorate of Quality Medicin&. Currently, 500 API
financial conditions and a default assessment are producers service 8% of glab APl production. Earlier
favourable in the current scenario of economic instability reports suggest that until 2018, India had the second largest
overall. In Q1 of 2022, drug producers stiltdd pressures number of USFDA approved manufacturing facilities
on gross margins due to high commodity and transport globally?L. In FY 20120, the number of factories stood at
costs. However, the balance sheets of these companies5,326 units with an invested capital of INR BEB.9 crae
remain strong and their ability to generate cash surplus is (approx. US$ 16,232.01 million). The number of workers in
strong. The firms in the small and medium enterprise these factories is 516,095 of a total workforce of 807,279
sector, however, may at be similarly placed, yet the (Annual Survey of Industries, 2020). The domestic
production linked incentive is targeted at larger firms, network comprises 3@firms and 10,500 manufacturing
which can take the capitahtensive task of API units, mostly in the unorgaséed sector. Of these, 30600
manufacture. Particularly, the scheme provides greater are recognised as medium to large, organised sector firms
funding to chemical synthestsased manufacturing plants, with the top 10 manufacturers accounting for 36.5% of the
in contrast to fermentationbased plants. The latter are market share. This overall structure arises due to the
used in most APIs in which there is import dependence to achanges in regulatory definitions of company type
greater extent26In terms of cumulative FDI, the drugs and contingent upon company size (investment and turnover),
pharmaceuticals industry ranked 9th with US$ 17, 991 regarding small and medium enterpris&s:or this, we also
million from 200020227 (US$ ¥,787. 68 million on need to contextualise the current distribution of
calendar year basis to December 2820 with an manufacturing facilities and their implications for the
investment inflow of US$ 1,490 million in FY 2220 development of healthcare special economic zones, and co
alone® (US$ 1,349.9 million for calendar year 2€20. location manufacturing facilities for medical equipment.
Figure 5% below shows the overall distribution of

India has the maximun¥41, United States Food andiys . o i
pharmaceutical facilities clusters across India.

Administration (USFDA) approved manufacturing facilities

1212 Y %Y Y2 Y2 Y2 Yo Yo Yo Yo Yo Yo
26 Pharmaceutical IndusgrTrends India2022, Market Monitorhttps://atradiuscollections.com/global/reports/pharmaceuticalsdustrytrendsindia-
2022.html

27 Cumulative FDI InflowsSectorwise, Financial Yeaabis from April 2002021. Source: DPIIT, Gol:
https://dpiit.gov.in/sites/default/files/Chapter 1.3 A iv 0.pdf

28 Cumulative FDI InflowSectorwise, Calendar Year basis from January 2000 till December 2020. Source: DPIIT, Gol:

https://dpiit.gov.in/sites/default/files/Chapter 4 3.pdf

29 Foreign Direct Investment Inflows for FY 2@20 https://dpiit.gov.in/sites/default/files/Drugs%20%26%20Pharmaceuticals%20%2 812929 pdf

VGLYRAFY t KIodirl OBSERAWRSE2dzOK gAGK | SIf (Ke hiNPSFacindestindamavin2®s { G NI 6S3A0 wSast
08/Invest%20India%20Pharma%?20Report SIRU.pdf

31 FICCI Report, 2018:ttps://ficci.in/spdocument/22944/indiapharma2018ficci.pdf

32 Micro, Small and Medium sized Enterprises Development Act, 2006 defines small enterprises as ones having INR 10 estrasihand up to INR 50
crores in turnover. The limit in respect of medium enterprises was INR 20 crores in investment and up to INR 100 cramem tu
33 Sourced fromhttps:/marketinsight.in/industryreports/indianpharmaceuticaindustry-growth-sizesegmentation
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FIGURE: Distribution of types of units and established/ emerging clusters for formulation and bulk drugs
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Particularly, Gujarat, Karnataka, Telangana, andmanufacturing facilities overall in the two Indian states and
Maharashtra have the maximum of these manufacturing per company in Andhra Pradesh ahelangana).
facilities in India (See Figure 6 below for distribution of

45



INDIAN PHARMACEUTICAL SECTORIAL SYSTEM OF INNOVATION (IPSSI)

FIGURES: Number of EMA and/or FDA approved pharmaceutical manufacturing facilities in Andhra Pradesh and
Telangana

9 facilities 2 -
12faciities 1 3% 7 fagf',z“es .
Andra 0% 6 facilities 2
Pradesh 7¢ acfiues
30% 1 facility 75 5%
° 2%
5 facilities 3

13 facilities 1 3%
0%
4 facilities 5
11%
Telangana
173 3 facilities 7
70% 2 facilities 25 17%
59%
m Telangana 173 = Andra Pradesh 75
SourceGlobalData: Pharmsource, 2019
4.3 The Technologﬁhift in the development and service delivery mechanisms to provide
. . enhanced acess. The country still invests around 0.8% in
Indian Pharmaceuticals research and development, while the healthcare allocation
Man ufacturing Ind ustry overall has increased, due to the impact of the pandemic,

including a focus on providing clean drinking water and
¢KS LYyRAFY LIKENYEOSdziAONEt SubtaionZabifitics, vhich Yupportd goals Kfhealheatlzy i NB Q&
leading scienc®ased industries, having widespread and preventive medicine. The current political economy of
competencies in the Complex field of drug manufacturing generating trade surp|uses has not lived up to the
and technology. The focus on sedliance tlrough  theoretical promise, due to entry level barriers and market
cooperation in existing areas of trade in generics and access restrictions. While the Gol allows foreign direct
expanding the development of API manufacturing facilities invegment (FDI) up to 100% under the automatic route,
has made an appearance in the pgsindemic context. including green field and brownfield investments in
There has been a shift in focus towards agile, leanrecombinant DNA technology, among a host of new age
manufacturing practices and these of intermediaries such manufacturing  paradigms  supporting  personalised
as clinical research organizations, contract research andmedicine, the effectiveness of policy measures is wean
manufacturing services (CRAMS). The penetration of healthat best. A look at the technology frontier in the global North
insurance has been key to the expansion of the market and South is crucial to develop a contrast on how digital
access to healthcare, in addition to disposable incomes totransformation is currently sweeping the pharmaceutical
the middleclass household level and the rising costs of manufacturing landscape in various countries.
healthcare. This is in sharp contrast to the scenario of self

reliance in the post 1991 period of liberalisation (Festa et 4.4 Global and Domestic Tecblogy

Ff &% HAHHO® LYRALI Qa YI-ydzﬁwmigwgmel%%péﬁigéng 23A0I ¢
trajectory reflect its fagmented nature, in terms of

technology adoption and assimilation, and also the conflicts Over the past two centuries, medicine underwent an
between sustaining volumes, in contrast to profit and evolution from crude herbal and botanical preparations to
economic performance. The former is done through more complex manufacturing of sophisticated drugs,
leveraging innovation in upstream activities like research products and dosage forms. This evolutionary pathway for
and development, and also the downstream medicine has beenaccompanied by a shift in manufacturing
commercialisation of medicines. An unintended practices from smakcale manual processing with small
consequence has been the failure of incentives to yield tools to largescale production with sophisticated
outcomes, in terms of innovations in research and equipment (N. Sarah Arden et al., 2021). To enable
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AAIYATAOLYyG NI LAR asNidhgriukty nageRnireldlidn todhede deShnolae® kid their labour
transform itself amidst intense cost pressures and displacing effects, coupled with a tendency towards
competition, achievable through a major transition from increased back shing of outsourced jobs and the lack of
being a generic drug producer to a producer of novel an inclusive nature, due to a high threshold of capabilities
molecules and biosimilars through rigorous research andthat countries will require to remain competitive. The
development activities ($laya Durga, 2022). In the past potential of advanced digital production technologies is
decade and a half, the Internet Revolution redefined emphasised in this context. Technologies éncrease the
business to consumer (B2C) industries, such as mediapperational efficiency and productivity of industrial
retail, and financial services. In the next ten years it is production processes, and as evidence suggests, it can also
believed that the Internet of Things will revolutionise help create new industries. Although many jobs will
manufacturing, energy, agriculture, transportation, and become vulnerable to automation, it is likely to create job
other industrial sectors of the economy, which account for opportunitiesin more skilled and knowledgeased sectors.
two-thirds of the global GDP (WEF, 2015). The evidence suggests that once the indirect effects across
the value chain are considered, the increase in the stock of
robots used in manufacturing at the global level will
generate employment. Evidence on Mehoring from
emerging to industrialised countries shows that the trend is
weak. It is countebalanced by offshoring of production in
developing countries, which creates jobs and forward and
backward value chain linkages (linkages between
industrialisedand emerging economies). Policy areas that
demand attention in this context are developing framework
conditions and digital infrastructure, to embrace new
technologies, coupled with fostering demand and
leveraging ongoing initiatives using ADP technologigs
well as strengthening skills and capabilities. However, the
report outlines that many countries have yet to adopt these
new breakthrough technologies. Firm level data in five
developing countries show that the manufacturing sector is

In its latest digital transformation assessment, International
Business Machines Inc. (IB¥Yeports the findings on
digital transformation in twetime horizons. Among the
immediate priorities, the shorfterm actions that
manufacturers have had to take in response to a highly
volatile, unpredictable trading environment. In the face of
repeated disruptios, firms have shown an incredible
capacity to embrace change quickly. Three interconnected
factors have been a priority in this context, namely the
human impact, data gathering to support decisimaking,
and swift and calculated action. The immediatedsdas
been on increasing operational efficiency and resilience to
enhance output with minimum outlay. The heightened
need for accurate, redime information has faced
hindrances from outdated hardware and software from
multiple vendors within institutioal IT environments.
Almost all senior executives that participated in the survey
noted that manual reporting and data collection are still the In the UNIDO Industrial Development Report, 252¢the
mainstay within organizations. It is therefore logical to see authors document the key impacts of the CO\Dcrisis
the adoption of digital data gathering tools or fufil some and need for resilience in an environment of vulnerability.
of the finance or human resources functions. Out of 1200 A key finding is that industrial capabilities are fundamental
senior executives, 10% belong to the chemicals andto building resilience and enhanced employment potential
pharmaceuticals domain. An overwhelming 67% of the total and income gention. In addition to macroeconomic
respondents have accelerated digital projects in responseoutcomes, the sector provides access to essential goods
to COVIEL9, with 92%of the total respondents ranking and services to populations across the world including food,
improving operational efficiency as a priority. Other medical equipment, and pharmaceutical products.
priorities include building resilience, creation of value, etc. Countries with stronger manufacturing capabilities and
¢KS ailbLsh LyRdadnalt 55 d9F PEREGndustialeeqonr yibstoog the egongnic
outlines that adoption of advanced digital producti¢kDP) and health impact of the pandem|c. F-|nd|ngs of the study
. . . also allude to the centrality of sustainable development
of Industry 4.0 technologies radically alter manufacturing

. . . . oals (i.e., SDG 9 building resilient infrastructure,
and blurring the lines between physical and digital 9 ( } ) g ) T
. . . ... .. promation of inclusive andustainable industrialization and
production systems. Advances in robotics, artificial

. . . . . fostering innovation). The uptake of new, advanced digital
intelligence, additive manufacturing, and data analytics ; . o

. ) . production technologies helps strengthen resilience. In
generate opportunities to a&lerate innovation and - i . i ;
. . . addition to supporting resilience, manufacturing drives
increase the valuadded content of production in

N . ._shared prosperity. The innovation and multiplieffeets
manufacturing industries. The report addresses the claims prospertty P

Yo oYY Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

34 |BM. 2021 Digital transformation Assessment, CeMDA Catalyst for Chandetips://www.ibm.com/downloads/cas/MPOGMEN9

35 UNIDO. The Future of Industrialisatiin a postpandemic world, United Nations Industrial Development Organization, e ISBR27-8011501:
https://www.unido.org/news/future-industrializationpost-pandemieworld-industriatdevelopmentreport-2022
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and network externalities cause economyde effects, as
part of integrator function between naturaksourcebased
industries and services. The uptake of new digital
production technologies helps strengthen resilience. There
is sound evidence fromemerging and developing

economies, from Africa, Asia and Latin America that digital

technologies have been instrumental in facing the
onslaught of the pandemic. The strengthening of digital and
manufacturing capabilities is the way forward and requires
mutual learning and knowledge sharing. In developing
countries, governments, policymakers, and business
leaders must strive towards fostering the development of
domestic production capabilities to strengthen resilieffce

Advances in technology are therefarrucial for facilitating
LYRAIF Qa LI NYI OSdziAOI f

including:

Autonomous robots enale flexible and adaptive
production lines for many models and small customised
lots, improving performance. These would comprise a
higher degree of digital maturity in terms of digital
transformation.

Predictive maintenancdinks to the cloud for big data
and analytics; reducing downtime and improving
maintenance (the core of enterprise resource
planning). The deployment for data collection
comprises a stage of data mastery just above office
level automation, which is preliminary to the transition.
The capal expenditure component of research and
development expenditure is towards maintenance of
hardware to support such infrastructure. Within firms,

Y Iy daf ke findiihgh iy’ Fhat &xPedditdeNdn informBtidea K
enabling critical process improvements (process upgrading)

technologyrelated infrastructure can support the
formation of polycentric alliances with competitors, in

terms of an antecedent of coopetition (Estrada et al.,

Virtual product design whereby testing, production
P g y 9 P 2014).

and assessment of products is done without a physical
prototype, reducing lead times. In the case of drug The organizations that are likely to have a competitive

discovery, the actual chemical synthesis of moleculesadvantage in the Indian pharmaceutical manufacturing

for their preclinical validation may implicate a need for market are those that continually adbpew technologies;

a clearer simulation of synthetic and stereochemistry find ways to harness new technology and promote business

(involving use of molecular structurike isomers, etc.) AY G SIANI GA2yd 'a LI NG 2F | We SOKy
and pharmacokinetics (movement of molecules within are prioritising technology for the maintenance and
the body, particularly the cells). However, studying the enhancement of their market position. All new plants must
impact on special groups of humans, as is done inmeet the adG | y R NRa &S0 o8& GKS acC2;

randomised clinical trials, may involve very complex Administration, World Health Organization and

algorithms. The manufacting context, in contrast, Pharmaceutical Inspection @oLJSNI G A2y { OKSYSé o
involves maintenance of process parameters, including increasing number of pharmaceutical manufacturing firms

but not limited to formulation manufacture process, are deploying cloud computing, as well as technologies like

pilling, quality testing and control. artificial intelligence (Al) /machine learning (ML) and

robotic process automation (RPA). As a result of the

pandemic, firms have learned to adapt to the speed of the

global digital transformation and increased supply chain

Robust tracking systemasutomatically alter production
to reduce logistical failuresThe recent regulatory

requirement by the Gol under the Drugs and Cosmetics fficienci inf i technoloai h b
.__inefficiencies. Information technologyirms have been
Rules, 1958, to place QR codes on pharmaceutical gy

L " 2FFSNAY3I O NASR 4&dzo @aoddaabsnz y LX |

products is aimed towards greater traceability of .
model. Pharma 4.0 allows firms to leverage the IoT, Al/ML,

batches of manufactured goods. ) ) . o
blockchain and robotic process automation, utilising the
digital cloud as the foundation for enhancing distribution
data interchange from design to production and enable and supply chain management by accelerating production
supplier/buyer integration. Maintenance of logs, as to and minimising errors. A mediusized IT firm is currently
conditions of manufacture in redime, can help  helping 150 to 200 manufacturing firms upgrade their
identify and support produetecall regulations and  pharmaceutical manufacturing processes.
quality control.

Intelligent sensors and a connected value chamable

The pharmaceutical manufacturing technologies today,
continue to evolve as the Internet of Things, artificial

Voo Vol Vol Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Vo

36 Pharmaceutical Industry Trends Indi2022, Market Monitorhttps:/atradiuscollections.com/global/reports/pharmaceuticalsdustrytrendsindia-
2022.html The projected or estimated output loss, in case of India, during the pandemic is very high at 11.7%, higher than Alssaltpsd countries,
developed countries, and more than double that of stiharan Africa and Europe. Theacleegative association with projected output losses and the
relative size of the manufacturing sector in 2021 shows that stronger manufacturing sectors are associated with low projpatddsses (Figure 3, page
26). Pharmaceuticals is one of the gibbndustries that suffered a relatively small impact of the pandemic, in terms of industrial production index from
quarter 2 of 2019 to quarter 2 of 2021 (see Figure 8 on page 31).
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intelligence, robotics, and advanced computing In the past decade and a half, the Internet Revolution has
(compendiously referred to as Industry 4.0 technologies) redefined business to consumer (B2C) indest such as
challenging the traditional paradigms, pt&ces and media, retail and financial services. Over the next ten years
business models of pharmaceutical manufacturing evolveit is believed that the Internet of Things will revolutionise
(Shah, 2022). Industry 4.0 is characterised by integrated,manufacturing, energy, agriculture, transportation and
continuous and autonomous sefganising systems of other industrial sectors of the economy which account for
manufacture. Applied tothe pharmaceuticalindustry, two-thirds of the global GDP.

these technologies poterdlly increase the agility,
efficiency, flexibility, and consistency in the quality of
medicines. The site of their deployment varies across the.

Ilfecyc_le from d_ata co!lgctlon to .the hallmark digital CANNEQ LINBFTSNBYOSa FT2MNIIBSYSNAO o
maturity3’. Benefits of digital maturlty can be reapeg b .
esearch is demonstratlve of conSIderable

. r

PLILX AOFliA2y 2F aSOSy WRAIA él Iendence '?o SHIft tf?e underlylng dynamlc knowl
namely: flexible and secure infrastructure; data mastery;

transfer must be enabled. The advances in information

digitally savvy open talent networks; ecosystem . .
. ) i technology have undergone several useful and innovative
management including collaborations and resource . . . . o
) . . . ) iterations during the pandemic. Theends in digitalisation
interdependencies; intelligent workfles towards high . . . . -
have ushered in advances in Al in manufacturing activities

value production; unified customer experience and . o . -
) o like 3D printing. However, manufacturing as an activity
business model adaptability (Schatsky and Gurumurthy,
faces considerable scaling and efficiency problems, in terms

2019). Their operation in concert, as opposed to selectively,
of addressing resource interdependencies. The
is more useful in the context and the greatest benefit comes . . . .
developnent of underlying services used in the production

to those orgaizations that use them across multiple
of goods appears as a viable option for expansion of the
business functions. Digital pivots are, however, anecessary
manufacturing of valuedded products and services with

but insufficient condition for digital maturity, and the
an aim to address the social concerns of access and equity.
presence of soft complementary factors such as strong

leadership and a digital mindsét Accordim to a Deloitte ~ The discarse on technological trajectories in the
report on factors influencing digital transformation, developed North is traditionally driven by reducing
businesses are planning to invest aggressively in digitaldependence on labour, as part of the production function
transformation in the next year and as a result, their and increased internalisation of knowledge inputs by
budgets will increase by 25%In a recent survey of US and evolutionary increases in absorptive capacity obggifrom
European busess and technology decisionakers, some  longrun investments in education and research and
three quarters had undertaken a digital initiative. development infrastructure. However, in the Indian
context, given the scope of employment this sector
generates, the key mandate is to extend the efficiency

Innovation in the industry is weaker than its potential due
to a smaller number of network interactions among actors
in the same or different value chain functions and/or steps.

%d)éu S NLINA 2

Digital transformatiof® is about more than investment in

discrete technologies requiring a broad array of technolo . . . .
g q 9 y 9y concerns of industrial manufacturing, vid at the same

related assets and business capabilitiesdagital pivots.

time ensuring the employment generating potential of the
Implementing foundational pivots focuses on assets such as

Industry. The cost arbitrage and presence of skilled

infrastructure and talent, and then applying a broad range
ppying 9 manpower has run its course and the current need of

of pivots to one business function to achieve systemic . - . . .
P ) ) . y expansion has skilling dimensions. Table 3 and Figtire 7
pervasive transformation of that function. Focusing on . . o
below show the typtogy of skills required within the

transformaion of back office operational functions at first industry
is less risky, whereas focusing on custotfizeing functions '
may produce market impact more quickly.

YoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

37 Digital maturity means the extent to which an organization benefiteftbeir digital transformation efforts, distinguished by their crégactional

execution of more digital pivots. More digital maturity is linked to abaverage financial performance in terms of net profits and annual revenue growth.

The more comprehen@iS | yR O22NRAYFGSR Fy 2NBFYATFGA2Yy Q&8 RAIAGEE GNFYyaATF2NNIGAZY STFT2NI
38 Pharmaceutical Industry Trends Indi2022, Market Monitorhttps://atradiuscollections.com/global/repas/pharmaceuticalandustrytrendsindia-

2022.html

39 |bid.

40 Digital transformation is about the enterprise becoming digital, an organization that uses data and technology to contievolus! all aspects of its

business modelsvhat it offers, how it sells (interacts with customers) and how it delivers, and how it operates.

41 Sourced fromhttps://www.nar.gov.in/sites/default/files/10 NSDC%202022 3.pdf
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TABLE Focus area for skill building in the pharmaceutical sector

Personnel for skill building Indicative coverage areas

1 Knowledge of API and formulatigrbasic
1 Cleanliness and hygiene
1 Operation of equipment

Operators i Compliance to cGMP, WHO guidelines
1 Understanding of SOPs
1 Understanding of safety, handling of waste, etc.
1 Knowledge of drug and intended use

Sales 9 Conveying benefits of schemes and offerings

9 Fundamentals opricingg tax, discounts, etc.
1 Selling skills and communications skills

FIGURE:Bkill requirements of Indian pharmaceuticals industry

Skill Level 4skills which are highlspecialised involving research and
design)

Skill Level Fskills which require long drawn preparation as
demonstrated by acquisitions of degrees, and involve highly
technical or commercial operations)

Skill Level Zskills which require technical inmt
knowledge of complex operations and machinery, skil
of supervisions)

25%30% — 0

Skill Level Iskills which can be acquired with a

PY short/modular and focused intervention and
thereby enhancing employability of those with
minimal education)

20%25%

Particularly noteworthy in the context of this survey is the is likely to affect companies, in terms of their willingness

alAfta 3L LG W{1Att [ SOSt andabiliiy © Findncekrésdarclh shd@dflophertSas wellash SR G2
2 GKS ANRSGK LRGSYGALl f 27T inest Rlalg@dcale makdfastirihgdaitizasimih réquisite/ R dza (i NB
The direct employment in the sector must address the global regulatory approvals. Among other key weaknesses
needs for adoptig breakthrough technologies like-C3 of the manufacturing segment in the industry, the emphasis
printing and artificial intelligence (blockchains, platform is on increasing research and development through novel
technologies, etc.) to facilitate agile manufacturing financing models that assist firms operating under

LINI: OGAOSa o6lFaSR 2y (KS 2 2 NomstralntSimpodel by thalEhtaktiof sizdiahdsifudtire ob 2 2 R
Manufacturing Practices (GMP) through skilledsoanel. entities, their network interactions and overall absorptive

The bottom of the pyramid, indirect employment, capacity. Aspects like industacademia collaboration
buttresses the overall growth prospects of manufacturing need deeper consideration ovéraditional approaches of

in the Indian pharmaceuticals industry. The introduction of obtaining competitive advantage through competitive
regulatory changes to suit these technologies has been adynamics in innovation, without facilitating knowledge

point of contestation andtherefore adequate foresight transfer in new and emerging areas.

needs to be developed in this regard.

Leveraging information technologies to extend the
The traditional advantages of leeost manufacturing set ~ knowledge transfer process, as wells supporting

up at 4850% (even 90%) lower costs than the rest of the pragmatic solutions in service delivery mechanisms is key
world are undergoing a state of flux due to supply chain given the informational asymmetries that exist between
problems, as regyds fixed and variable cost components. A actors in the ecosystem. The impact of regulatory changes
key finding in our survey is that the shetd mediumterm is an ongoing task in progress and initiatives like the
focus on API manufacturing to reduce import dependence enhanced tracability of medicines, quality control,
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standardisation, and routinisation of GMP through an like apps have generally helped extend the prospects of
increased use of digital enabling tools and interfaces are thehealth care, in informal and formal institutional settings.
future steps in expanding the scope and profile of activities

) ) . o Currently, only30% of Indians are users of modern
in the innovation value chain in thedostry.

medicine and there is a vast untapped potential for
The Indian pharmaceuticals industry, as demonstratedd SNIA OAy 3 LI GASyd 2dzid2YSa
above, stresses on the generic medicines segment,mandates. The longtanding impact of the pandemic on
particularly the formulation drugs segment, where it has a household incomes is likely to highlight this trend further.
share of 75% of global market supply (IBEF, 2022). MosfTherefore, a focus on enhancing manufacturing capacity
molecules under developmentndélude short chain needs to be framed, both in terms of increasing self
molecules with relatively short life cycles with an aim to reliance in respect of APls, as well as expanding the scope
reduce costs of drug development and post drug for generic medications. Domestically, only 15% market
development timelines. To facilitate any structural shift share is held by multinationabmpanies, whereas globally
from incremental innovation to radical innovation, the path 70% of the generics supply is met by Indian pharmaceutical
dependence onegacy molecules must be balanced with a companies. Expanding the role of basic science through
focus on developing suitable routines like alternative forms increased network linkages and polycentric actors is crucial
of entrepreneurship APl manufacture in the shoand in terms of the knowledgebase for expanding product
mediumterm with a view to address import dependence rollouts. Pharma companies that have started to invest in
concerns that arose in the pandemic. Cleaily, this research and development are actively considering
scenario, the role of skilling human resources becomesstrategies for cooperation through market entry choice to
important as well. leverage external sources of information through
innovation networks  to enable  downstream

In the current posipandemic scenario, the major o ) ) )
. . commercialisation of innovations, as well as increased
pharmaceutical markets are under immense pressure.

North America, Europe and Japan comprise 82% of audited:)rOOIUCt complexity and sophistication.

and unaudited s&s with total sales reaching US$ 773 This is easier said than done. Because of the analysis of the
billion (IMS Health, 2009). Growth in the European Union typical drivers of manufacturing and other activities in the
has slowed down to 5.8%, with sales in the USA increasinds Y Rdza (i NB ¥ K- NI Htdif &1 3 doasSd
sluggishly at 1.4 % and in Japan at 2.1 % in“202@wever, certain goals based on a SWOT analysis of the sector,
the impending policy changes, promotingethuse of highlighting its strengths as:

generics will put countries like India on the centre stage.
With these changes in the marketplace, a fundamental '
question arises regarding the direction the Indian - Significant breadth and depth of product expertise.
pharmaceuticals industry needs to take to answer the
growing needs and demands ofiet current and future
scenario. High R&D costs, a relatively dry pipeline for drugs,The key weaknesseseidtified in the context of the industry
increasing pressure from payers and providers for reducingWere:

healthcare costs and a host of other factors are putting High emphasis on generics for both domestic and global
pressure on global pharmaceutical companies. The dsiver markets, where filing of Abbreviated New Drug
for growth have been understood in terms of a cost Applications (ANDAs) and Drug Master Files (DMFs)

arbitrage and productivity uptakes in internal rate of return have left little room for R & D on drudgvelopment.
(IRR), as well as supgige factors like skilling mandates for

manufacturing and research development activities as part
of the innovationvalue chain. The policy interventions .  pgor industryacademia linkages.
include the settingup of healthcare clusters to allow for the
co-location of manufacturing activities with research and
development activities. Demarside factors like the rise of
e-pharmacies or online pharmacies,upported by - Lack of timedriven regulatory infrastructure.
digitalisation of health records through centralised
databases during the pandemic and decentralised solutions

A strong lowcost manufacturing sector.

Low cost of growing human resources.

Inadequate R & D infrastructure.

Lack of required higbend productdevelopment
capable human resources.

Poor small and medium enterprise base for hegtd
manufactre.

Yo oYY Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

42 Price Water House Coopers. Global Pharma looks to India: Prospects for Gromhiivwww.pwe.com/gx/en/pharmalife-sciences/pdf/globabharma
looksto-india-final.pdf

43 See: Twelfth Five Year Plan (2@.7):https://niti.gov.in/planningcommission.gov.in/docs/abous/committee/wrkgrp12/wg pharma2902.pdf
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The responses to weaknesses include addressing supplytherapeutic segments for rare diseases. The manufacturing
side factorslike reform of institutions around labour and capacity enhancement will require enabling informational
skilling; quality standards; production design control and and infrastructural mechanisms and structures to this end
regulation; incentives; skilling of human capital; resource as we discuss in relation togilialisation, and addressing
mobilisation (unde conditions of interdependency) that infrastructural loopholes, etc. The need for upskilling
private market actors typically resort to; development of personnel to meet the manpower needs is crucial in the
innovation system elements in a cohesive and coherent development of the entrepreneurial and innovation
manner, and culminating integration into global innovator ecosystem. This can be done through incorporating a
and production networks. These are evolutionary diversity of @tors in the quadruple helix of universities
processes, which are contingent upon -logation of industry-academiagovernments, etc., in the conduct of
manufacturing and other value chain activities. specialised, skilhtensive segments of the innovation value
chain, without compromising the social concerns of access
and affordability of health care andmproved patient
outcomes.

The key opportunities this scenario provides are in terms of
expanding the profile of biologics, particularly in loast
medicationfor critical and chronic ilinesses, as well as new

52




Policy
Landscape




INDIAN PHARMACEUTICAL SECTORIAL SYSTEM OF INNOVATION (IPSSI)

t2f AO& [ yYRaOl LIS

Policy has been a key driver of growth for the Indian Explained below are the core policies of the pharmaceutical
pharmaceutical sector. Pogtdependence, India drafted sector in India that are addressed in turn, along with the
policies with aninward-looking approach to attaining self ~ supporting policis that have a bearing on the Indian
sustenance and development. The growth of the Indian pharmaceutical sector.

pharmaceutical sector and the associated technological L. .
change can be attributed to targeted policy interventions 5.1 Core Policies of the Indian

and legislative reforms. From 1947 to 1970, éndias  Pharmaceutical Sector
reeling under high imports, with the highest import

dependence in the pharmaceutical sector. Several expertNational Pharmaceutical Pricing Policy 2012 (NPPP
committees were constituted to review laws and make 2012)
policy recommendations to strengthen the pharmaceutical

sector. Various acts and amendmesnbcluding the Patent ] ) )
f pharmaceutical industry must fulfil éhneed to ensure

Act of 1970 were an outcome of the recommendations o il d for the 1.4 bill e with
these committees (Chandran and Brahmachari, 2018). As aaccess to essential drugs for the 1.4 billion people without

result, the Indian pharmaceutical industry rose in value eroding the competitiveness of this vital sector in the global

from a meagre INR 10 crore in 1947 to INR 289,998 crore irleco.nomy (Mondal and P,mgéh’ 2017). The vaernmgnt of
~ India (Gol) introduced thld\latlonal Pharmaceutical Pricing
v T A e bR e e @

financelyear FY2019 n = YIF 1Ay 3 Ad GKS w%'\w e VeI -
. Policy 2012 (NPPP 2012), which replaced tigrug Policy
in terms of value and 3rd largest by volume (Department of ) e A
of 1994, with the objective of providing a regulatory

Pharmaceuticals, 2021). Despite this progress, a lack o: o R
. . . framework for pricing of drugs to ensure the availability of
stable pricing and policy environment and lack of

capabilities in the innovation spacare some of the key essential medicines at reasonable prices and also providing

challenges being faced by the sector. With Industry 4.0 enough opportunities fo innovation and_competltlon to
. . . . . support the growth of the pharmaceutical sector, thus
technologies making their way into manufacturing,

domestic pharmaceutical firms have to make bold strategic meeting the gogls of employment and shared is.Ing for
. . . all. The regulation of prices under NPPP 2012 is based on
moves into unchartered territory which can be greatly

facilitated with improved policy and institutional :hreelpr.lnmple.s; the desselr(l(:;htydof.(.jrugs, conltrgf 3
effectiveness (Sajna T., 2020). ormulations prices and marketased pricing, as explaine

below:
A wellcrafted policy decision is a function of the following:

understanding of past experiences, acknowledgement of -
contemporary challenges and perceptions of future
potentials foraction. Learning is not linear as it does not
always flow from science to applied research and
development (R&D) to commercialisation, rather
knowledge is generated through interactions among actors
in the system of innovation. Consequently, the science,
technology and innovation policy in a country should focus
on building these linkages and networks, stimulating the
learning between actors, and enabling entrepreneurship
(Schot and Steinmueller, 2018). The sectorial system of
innovation of the Indian pharaceutical industry rests on 3
strong pillars: a proactive policy regime, promising scientific
research infrastructure and private sector investment in
innovation. Neither the research institutes nor the
enterprises have the requisite knowledge and capghbit
bring a new drug to the market, leaving ample room for
robust policy support from the government (Mani, 2006).

The regulatory architecture governing the Indian

Essentiality of drugs NPPP 2012 envisages control of
medicine prices based on the essentiality of medicines
and not on the markebased principle as in earlier price
control regimes that relied heavily on the market
dominance or monopoly of pharmaceutical companies.
The essstiality of drugs is determined by the
medicines specified in théNational List of Essential
Medicineg (NLEM) which is revised from time to time
based on the country's disease burden, priority health
care concerns and affordability concerns. Prices of
drugs that form part of the NLEM are kept below a
certain threshold so that they remain affordable to the
population at large. But public health experts have
often accused the government of including obsolete
drugs in the NLEM while keeping many of the most
prescribed drugs out of the purview. In February 2022,
the Ministry of Health and Family Welfare-iratiated
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the exercise of reviewing the NLEM in order to address Pariyojana (PMBJP 2015) schemeithvthe objective of
the aforementioned concerr& making quality generic medicines available at an affordable

Control of formulation prices only- Price regulation
underthe NPPP 2012 is based on regulating the prices
of formulations only, which is a departure from the
earlier principle of price regulation at two levels; bulk
drugs and their formulations. Selvaraj et al., 2012 in
their dPharmaceutical Pricing Policy: AtiGue¢ argued
that such provision needs to be scrapped because
GO02YLI yAaASa O2dZ R YAiadzas
production of single ingredient essential medicines and
manufacturing inessential or irrational combinations ] L e .
dZAAy3 SaaS8yiAheyfeared that it hay & ['Ehgtl_prrgmjls)ed S‘Hb5|d|sed medicines had failed to take off
also lead to a shortage of essential single ingredient
medicines in a market that is already flooded with
irrational combination drugs that are of no use to
patients. Later in September 2018, the Gol banned 328
irrational fixeddose combination (FDC) drugs and 80
more FDCs the next year, paving the way for
improvement in regulatory architecture and patient
safety mechanisms (Vendoti, 2018).

target of FY 20222 in just 6 months. As of 31st January
2022, 8675 PMBJK stores were functional, covering all
districts across the country. Medicines available under
PMBJK are priced 8% less than that of branded prices.

nutraceuticals products for their customers (Ministry of

this, the present scheme has also introduceebtiabled
logistics and suppighain systems for ensuring the real

time distribution of medicines at all PMBJKSs. The Bureau of
Pharma PSUs of India (BPPI), the implementing agency of

PMBJK is tasked with spreadimgvareness about the

salient features of PMBJK through various types of
advertisement such as print media, radio advertisements,
TV advertisements, cinema advertisements and outdoor
Market-based pricing (MBR) The NPPP 2012 supports publicity like hoardings, bus shelter branding, bus branding,
an MBP regime as opposed to the cbasedpricing  auto wrappirg, etc. In addition to this, the BPPI also

(CBP) under the previous 1994 policy. The policy stateseducates the public about the usage of Jan Aushadhi
that CBP is difficult to administer as it requires generic medicines. The Gol has set a target to increase the
manufacturers to provide their manufacturing data in  number of Pradhan Mantri Bhartiya Janaushadhi Kendras to

an extremely detailed manner which is usually resisted 10,000 by March 2024 (Ministry of Chemicadsd
and may also result in manipulati and time delay.  Fertilisers, 2021).

Hence, the MBP approach will result in more
transparent and fair pricing. Industry experts argue that
given the unique but distorted nature of the Indian

pharmaceutical industry, this provision would rather The |ndian pharmaceutical industry has majorly evolved
tempt the players in the currgly lowerpriced  around the industrial development clusters st by state

segment to drive up prices closer to their higieiced  goyernments but many of these clusters were-ptearlier

competitors, legitimising the trend of higher prices jth antiquated environmental standards compliance
(Selvaraj et al., 2012). The MBP mechanism ispqtential. This was highlighted in the report prepared by
problematic as it creates an illusion of price control e Working Group on Drugs and Pharmaceuticals
without doing so (Srinivaseand Phadke, 2013). constituted by the NITI Aayog in 2011. The report clearly

Strengthening of Pharmaceutical Industry (SPI)
Scheme

Thus, the NPPP 2012 falls short of the goal to ensured drdsa dKHG GKS 65Skiaiedfedy i

accessible and affordable medicines for all (Selvaraj et al.[0 Play a vital role by providing financial and technical

2012). It is important to note that the world average for PaaradlyoS d2 AYLNRGS FAYlIyOAlt

Waorlid2 01 $GQ KSIt K %SvBdads/fé&r A (iSafeguard the environment from the hazards associated
India this expenditure stands at 66(Economic Survey, 2 A 0K GKS dzyLX FyySR 3INBSUK
202021). backdrop, tle Department of Pharmaceuticals, Gol,
released guidelines for the &Strengthening of
Pradhan Mantri Bhartiya Janausadhi Pariyojana pnarmaceutical Industry ScheinéSPI) which has a total
(PMBJP 2015) financial outlay of INR 500 crore for the period from FY
2021-22 to FY2025-26. This scheme addresses the demand

In September 2015, the Department of Pharmaceuticals _ o
and requirement for support for the existing 80

launched the d&Pradhan Mantri Bhartiya Janausadhi
VoYY oo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo

44 Sourced fromhttps://www.news18.com/news/india/healthmatters-the-curiouscaseof-missingnationatlist-of-essentialdrugs5-months-after-launch
4793789.html

55

price by the opening Pradhan Mantri Bhartiya Janausadhi
Kendras (PMBJKSs) across the country. The scheme met the

These stores currently offer a product basket of 1,451 drugs
and 240 surgical instruments arttave recently addg\d VE

Chemicals and Fertilisers, 2022). Similar schemes in the past

mainly due to poor supply chain management. To address
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pharmaceutical clusters and over 10,500 manufacturing the State Government of Himachal Pradesh, Tamil Nadu,

facilities across the country to improve productivity, quality a F RK& t N} RS&K FyR | Gdl NJ t N} RSar
and sustainability (Department of Pharmaceuticals, 2022). LINA Y OA L SQ F LILINR @+ f dzy RSNJ G KS &
The scheme has the following thresmponents/sub 1757662, 2021).

h : i i i
schemes National Intellectual Property Rights Polic016

GAssistance to Pharmaceutical Industry for Common (IPR Policy 2016)
Facilities (APICF} To strengthen the existing clusters
by providing financial assistance for the creation o
common facilities.

f Government support is needed for businesses not only to
innovate new technologies, but also to safeguard their
technological inventions with effective IP protection. In
6Pharmaceutical Technology Upgradation Assistancepay 2016, the Department for Promotion of Industry and
Sheme (PTUAS) to facilitate SMEs to upgrade their  |qiernale NF RS 65t LL¢0 NRff SR 2dzi KS
plant and machinery in accordance with the World | yisSttSOidzd ¢ t NPLISNT & WAIKGA oLt
Health Organization (WH@ood Manufacturing  creativity and to implement a strong 4B8d innovation
Practices (GMP) standards so as to enable them toy2 38t & t NP T @ { dzy A f alkyAs AY KA&
participate and compete in global markets. Policy 2016: Not based on evif®Sé | NBdzSa @ KI

&Pharmaceutical®& Medical Devices Promotion and Pefore the IPR policy, India had a functioning legal regime
Development Schenge(PMPDS), To promote the with individual acts on patents, trademarks, designs and
pharmaceutical and medical devices sector through 9€ographical indications, all of which were suitably
study/survey reports, awareness programmes, the amended over time to comply with TRIPS (Agreement on
creation of a database, and by bringing industry TradeRelaed Intellectual Property Rights) (Mani, 2014).

leaders, academia and policyn@ak together for an IS OzyidSyRa G(Krd aazyS YSIadNBa
exchange of knowledge and resources for promotion of laudable but the policy objectives are not eviderimsed
the industry. and are tailormade to suit the requirements of the western
J20SNYyYSyGaodé | S tledgdbhErngei) |+ NHdzS &
Schemes for Promotion of Bulk Drug Parks and ghoyig rather be spending time and money on improving
Medical Devices Parks the performance of patent offices that are understaffed

and underfunded leading to major delays in patent

India is significantly dependent on the import of bulk drugs
approval in the country.

as they accounted for 63% of the total gsimaceutical
imports in the country during FY 2018. In March 2020, |t is evident that India has been taking a decisive dtan

the Gol announced a special{ OKSYS T2 NJ t Refit2 to the2advan®ade of domestic manufacturers, but it
. dzf 1 5 NdfzEhe ¢olintyfod groviding easy access to needs more such incentive programmes, with effective and
world-class common infrastructure facilities to bulk drug widespread implementation. India has built pockets of
units locatedin the parks. The objective is to ensure an knowledgebased growth but has not yet translated this
uninterrupted supply of quality bulk drugs and significantly into a broader economic nuel. Actions to promote
bring down the manufacturing cost of bulk drugs thereby knowledgebased economies will require strong,
increasing the competitiveness in the sector by providing coordinated government policies coupled with investment
easy access to infrastructure andstiard testing facilities.  in ICT (ADB, 2014).

According to the ¥ September 2022 official press release,
G§KS 58LINIYSYd 2F tKFNNME o MSME Champions Scheme (2622 10 202526) ,;

LINRYOALX SQ | LINBOGEE G2 KS Theld&d@raechtiCdmmisFoned & the Widsint 2 MSME 3 0 K
States- Himachal Pradesh, Gujarat and Andhra Pradesh has beenim@ YSy Ay 3 GKS &/ NBRAG [ Ay
under the scheme (PIB Release ID: 1856080, 2022). YR ¢SOKyz2fz238 P LIANITES) ok 2y { O

Similarly, a scheme callédt N2 Y23 A2y 27F a @ert.@q ctompgtigv&rke% gmongst MSMEs.by way of
t I Ndvas approved by the Gol on 20th March 2020. The wastage reduction through lean manufacturing, design
medical device industry is highly capital intensive and improvement, building awareness on Intellectual Property
requires both the development and inductioof new RAIKuaz UKS a®»SNE 5SF¥SOU %SNE 9%

technologies. These parks will provide common testing ang ©mpowerment O_f MSMES and faC|-I|tat|ng the a.doptlon- of
laboratory facilities at one place, reducing the latest technologies in manufacturing through incubation
manufacturing cost significantly, and create a robust across In?|a. FLG,SJS was operational until March 2020, A
ecosystem for medical device manufacturing in the country. YR UKS aa{a9 |/ HasHeshBrndated OKSYSe

According to the 2% September 2021 official press release, by merging all these components of erstwhile GI'OS for
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a period of 5 years (20242 to 202526) in the specified 51
subsectors, including the pharmaceutical sector. This new
scheme has 3 components: MSMHstainable (ZED)
Certificdion, MSMECompetitive (Lean) and MSME
Innovative (for incubation, IPR, Design and Digital MSME).

The main objective of the scheme is to pick up clusters and
enterprises and modernise their processes, reduce
wastages, sharpen businessmpetitiveness, and facilitate
global reach and excellence. However, according to the
2021-22 Annual Report of the Ministry of MSME, the
expenditure on all 3 components of the MSME champions
scheme remained miniscule with MSME ZED certification
componentwitnessing nil expenditure out of the budget
allocated#®

Production Linked Incentive (PLI) Schemes

The COVI9 pandemic uncovered the national security
consequences of excessive dependency on foreign supplies,
in a vital sector such as pharmaceuticals. It led to the
disruption of imports and international supply chains. Many
countries are in turmoil tareduce their dependence on
foreign supplies, especially for active pharmaceutical
ingredients (APIs) which are the most important input in the
formulation of medicines. Considering the importance of
the health sector, countries are bound to face the abwadje '
to ensure medicines at affordable prices to their people.
Countries will prefer sourcing from cheaper options but at
the same time, they are looking for diversification of supply
sources by exploring &hina Plus Of&approach. India has
all the potential to become the centre of this diversification
strategy. India exports 3% of the total drugs and
medicines exported globally (Ministry of Chemical and
CSNIAEfATSNBI HnunOd® LYRALIQA
US 16.28 billion in FY 2020. The Indipharmaceutical
sector is expected to grow at a Compound Annual Growth
Rate (CAGR) of 22#4n the near future and the medical
device market is expected to grow by $J%5 billion by
2025. The Indian pharmaceutical sector was valued & US
40 billion in 202 (Department of Pharmaceuticals, 2021).
However, the major drawback that the sector faces is its
excessive reliance on China for key starting materials (KSM)
and APIs which makes it less attractive for other countries
as another source of supply. Therefoit is critical for this
sector to become selfeliant and competitive in KSM and
APIs for its growth and drug security at the global level.
Against this backdrop, the Gol announced the following
productiontlinked incentive schemes that are a cornerstone
2T GKS 3I20SNYYSyiliQa LlzaK
KFENFGey

T

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

oProduction Linked Incentive (PLI 1.0) Scheme for
Promotion of Domestic Manufacturing of Key Starting
Materials (KSMs)/ Drug Intermediates (Dls) and APIs

A committee on drug security constied by the
Department of Pharmaceuticals identified 53 APIs for
which the country is heavily dependent on imports. To
attain the objective of selfeliance and import
substitution in critical APIs on 20th March 2020, the
Government of India approved the dir Production
Linked Incentive (PLI 1.0) Scheme for Promotion of
Domestic Manufacturing of Key Starting Materials
(KSMs)/ Drug Intermediates (DIs) and ARladia. The
intent of the scheme is to attract large investment in
this sector by enhancing the dwestic manufacturing
capacity of KSMs and APIs and thus moving towards
import substitution. Financial incentives shall be given
based on sales made by selected manufacturers for 41
products, which cover all the identified 53 APIs
(Department of Pharmaceuwtils, 2020). The tenure of
the scheme is from FY 2020 to FY 20230 with a
total financial outlay INR 6,940 crore. PLI 1.0 was
followed by a more extensive and broadépeLl 2.0
Scheme for Pharmaceuticéls

PLI 2.0 Scheme for Pharmaceuticals

Though Indh accounts for 2% of global exports in
generics, much of these exports are lealue generic
drugs while a large proportion of the demand for
patented drugs is still met through imports. This is
because the Indian pharmaceutical sector lacks in value
production along with highrisk transformative R&D,
which calls on the Indian government to institute policy

measures to foster investment in and production &f (j 2 2 R

high-value drugs. To this end, the Government of India
announced the second production linked inciert
scheme (PLI 2.0) orMarch 2021. The key objective
of this scheme is to boost the manufacturing
capabilities of Indian pharmaceutical manufacturing
firms via an increase in investment and production and
by expanding product diversification to highlue
goods in the sector. The goal is to create global
champions from India that have the potential to grow
and scale using cuttirgdge technology and hence
penetrate the global value chains.

Pharmaceuticals has been identified as a critical sector

under i KS 5SLI NIYSyd 27

oDraft Smence Technology and Innovatlon Policy
2502¢ (Draft STIP 2020)The key thrust under Drafe " N

STIP 2020 is on developing a cadre of practicing

45 Sourced fromhttps://www.financialexpress.com/industry/sme/msmeodb-msmeministry-releases2021-22-annuatreport-expenditureon-multiple-

schemegremainsminuscule/2440274/
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scientists and technologists who are dedicated to flexible production, mobile applications for chronic disease

curating andupdating knowledge and its application in  management, digital therapeutics, precision medicine, and

a critical sector like pharmaceuticals. It aims to medical recordsSeveral enablers, including a strong local

encourage research and innovation in such sectors byindustry, export experience, and depth of technical

giving out prestigious science fellowships to roateer capabilities can help the pharma and MedTech sectors work

senior level academics, industry personnel and NGOG 2 6 NR&d a5Aa02@0SNJ Ay LYyRAFE | yR
sdentists/technologists who can undertake such for healthcare innovation (Department of Pimaaceuticals,

challenges (Department of Science & Technology,2021). In October 2021, the Department of

2020). Even though the Indian pharmaceutical industry Pharmaceuticals released @é 5 NI ¥4 t 2t A0& G2 [
has been a focus of multiple schemes and incentives, Research & Development and Innovation in the Pharma

the industry is reeling with a complex set of rules and a SR¢ SOK { S O.(iTheNdpekifit oHjeytiRes bf dhe

regulations, and amendments made over time to keep proposed policy are:

up with developments in the sector. It requires a
holistic revamp to tackle the same, and to focus on
more nuanced issues within the law (Sharma, 2022).

To simplify reguatory processes to enable more rapid
drug discovery and development and innovation in
medical devices.

5.2 Industry 4.0 Initiatives - To explore mechanisms to incentivise private sector
investment in research and evaluate various funding
mechanisms¢ Budgetary support, venture capital
funds, corporate social responsibility (CSR) funding,
etc., and fiscal incentives to support innovation.

With the adoption of mdustry 4.0, the Indian
pharmaceutical sector is stimulating the emergence of
smart factories. Digital manufacturing is growing and is
expected to reach Us767.82 billion by 2025 and therefore
LYRAIFI O2y&ARSNE YI ydzFI O6 dzN. To identify mechanisms to strengthen the RE&Hy (i NE Qa
digital transformation. With the development of smart ecosystem through increased collaboration between

factories there would be change in the job structure, hence,  industry and academia.

the need for candidates who are better equipped on
emerging technologies to lead the digital transformation in
the sector (Vijay N, 2022). Accard to a report by Frost
and Sullivan (2016) there is great opportunity for the Indian
manufacturing sector, especially in the pharmaceutical,
electronic and semiconductors and pharmaceutical & The policy postulates three main focal areas to achieve the
OKSYAOIt AyRdaGNE® { OKSY Sy aboveobjectives: 1§ Ay LyRAIEé oAttt Syl of
the 4IR and develop the foundation for advanced . Strengthenng  the regulatory framework by
manufacturing in India (Adhikari and Singhal, 2020). The streamlining processes/approvals (the following

application of Industry 4.0 in pharmaceuticals is termed as _ measures are envisaged to create a regulatory bias in

at KENXYE noné Ft2y3 gAGK 0KS Gy of innovation and original research): (a)/dVE dz3 K
digitisation and automation (Xu et.aR017, Lu 2017 a, b). reduce process overlapping and time span, for essential

The adaptation of Industry 4.0 in pharmaceuticals will approvals all egulators will be assigned to work

enhance the level of transparency and production speed in together; (b) creation of a single end-end digital
manufacturing plants. The decisionaking process will be
faster, enhancing the overall control and security in the between innovator and regulators; (c) the policy

given sector. But implementation of Industry 4.0 requires proposes to enhance the capabilities of regulators that
careful integration of expectations, interpretations, and would include building irhouse expertise in

definition alignment with pharmaceutical regulations

To enable integration of the exisg policies and
programmes of various departments/ agencies/
institutes in order to develop mechanisms to dovetail
research as per the requirements of the industry.

portal is proposed, which will offer a single interface

biopharmaceuticals and higtnd medical devices; (d)

(Adhikari and Singhal, 2020). with a view to eradicate inconsistencies and

Draft Policy to Catalyse Research & Development and redundancies a review of the multiple legislations that

Innovation in the Pharma MedTech SectorPharma impact R&D in pharmaceuticals and medical devices
innovators across the globe are marching towards the Wil be undetaken.

application of: telemedicine, artificial intelligence (Al) and . Incentivising investments or funding for innovation

machine learning (ML), virtual reality (VR), the Internet of
Medical Things (loMTs), nanotechnolpgypbotics, 3D

printing, big data and advanced analytics for aided
diagnosis, green technology, additive manufacturing,

Enabling ecosystem for innovation and researds
the industry and individual institutes involved in
PharmaMedTech research largely work through

58



INDIAN PHARMACEUTICAL SECTORIAL SYSTEM OF INNOV/

informal adhoc corporations, they need to be The adoption and usef novel tools and technologies by
supported with an ecosystem that recognises, human resources could represent a competitive advantage
facilitates and rewards innovation and research. for the pharmaceutical sector in India. Indian healthcare
Countries with such ecosystems are reaping the markethas been one of the major stakeholders in global demand
and financial benefits. The policy therefore proposes and supply and in research and development (Raksimit
three components for enabling a robust ecosystem: (a) Sharma, 2020). In order to acquire a leadership position in
strengthening academic talent and infrastructure drug discovery and development and to continue to excel
(industryacademia linkage), (b) collaborating across in the formulations, the Gol recognised the need for
institutions and sectors, and (c) creation of dedicated developing human resources by promoting quality and
innovation hubs (infrastructure). excellence in pharmaceuticadecation and research. To
. . . . this end, the first National Institute of Pharmaceutical
Through this draft, a comprehensive national policy )
. . Education & Research (NIPER) wasupeait SAS Nagar
framework isproposed to build a robust ecosystem to . . -
- . . Mohali in 1998 and was declared an Institute of National
ensure the holistic development of R&D and innovation . .
. . Importance. During 20008, six new NIPERs were started
while meeting the healthcare needs of the country. The . .
at Ahmalabad, Guwahati, Hajipur, Hyderabad, Kolkata and

application of Industry 4.0 in the Indian pharmaceutical o L
L - . Raebareli with the help of a mentor institute. The NIPERs
sector has the ability to enhance efficiency ahsistency o ) o
host several research facilities, foster vigorous institute

in the production of quality medicines but how these . ) o
. . . . industry  collaborations, interdisciplinary  research
technologies are deployed will define the next generation i ) . o 7
collaborations and industrial trainjnopportunities to help

of the pharmaceutical manufacturing industry. . )

develop a skilled workforce for the sector. The Indian
5.3 Initiatives for the Future pharmaceutical sector needs support in understanding the

global regulatory landscape, which can be facilitated
Workforce G§KNRdzAK ONBIGA2Yy 2F WwS3dzZ I (2 NE
other inditutes, as these will play a key role across the
functionalities of process support, capacity building and
infrastructure support (Department of Pharmaceuticals,
2015).

Disruptive technologies are fast changing faee of global
manufacturing. If India aims to become a central part of the
global manufacturing supply chain, it has to close the
demandsupply gap for the skilled workforce through well
designed policies and initiatives. The size and nature of theTo address the need for adequate and trained human

population determine the range and depth of human resources for health research acsogthe country, the

resource initiatives in a country. The UNBRnNnning  Department of Health Research under the Ministry of
Commission (now NITI Aayog) 20dReport on Human  Health & Family Welfare launched tidel dzY | y wS & 2 dzZND S
Development in Indiéacknowledges that human resource 5 S @St 2 LIYSy i 61 w50 { OKSYHe F2NJ | §
development is not limited to the national level big  scheme was first approved in 2013 and underwent three
characterised by state and district level human extensions with the most recent one being for the period of
development analysis, driven by state and local 5 years starting from 20201 to 202526. Though India has
32@SNYYSyidad ¢KS NBLRNI 7T dzhe largest number of medical colleges in the world, muchi S Y LJi
G2 G2LISNI GA2YyFtAaSé  KdzYl Yof the biomedical esearch in the country is carried outNA
RAAGAYOUAQ®S FSIddaNBE 27 Lonly a handful of institutes. There is also a disparity in e
development. The emphasis on linking planning to human distrioution ~ of  education institutions  offering

development reporting is unique and this ensures that the pharmaceutical education with the majority concentrated

human development reports do not merely remain books in western and southern parts of the country.i§lscheme

on the shelf but are actually integrated into planning intends to create a pool of talented health research

processes of the government at a deéeNJ £ A & SR personnel across India by upgrading the skills of medical

colleges (faculty), institutes, scientists and medical students

by providing specialised training in priority areas of health

eresearch.lt is critical to encourage and support highk

highreward research in pharmaceutical science and

globalsation and increased competition are transforming technology as incremental advances alone might jeopardise

the job market landscape and changing the way of doing LY RA Qém dbidity 3o compete in the global

business. There is an urgent need to address the dynamicpharmaceutlcal market. This scheme also emages and
needs of business, especially in a vital sector like SUPPOTts the trainees to develop and undertake research

pharmaceuticals projects for addressing critical national and local health

India has been the first country in the Asia Pacific region to
reconstitute its Ministry of Education as the Ministry of
Human Resource Development (Rao, 2004). But disruptiv
innovation and mega trends in technology together with
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problems and provides financial assistance to institutions professional expertise and excellence (Jishnu V. et al.,

for upgradation of infrastructure to enable them to provide 2011). Rapid technological advancements and globalisation

training with  state-of-the-art technologies. The are eroding the silos between pharmaceutical education
development and implementation of online weéiased and other disiplines. Therefore, the NEP 2020 advocates a

courses in health research is also an important componentrenewed focus on opportunities to deeply engage with

of the scheme (Department of Health Research, 2021). other disciplines. The policy document explicitly states that

GLYRALF Ydzad rtaz dr1S GKS tSIFR A

Workforce diversities can be beneficial for organizations i d that fast i h h
. ) cutting-edge areas that are fas rominence, suc
and especially the pharmaceutical sector tends to serve all g— .g ) ) gEng p o )
as artificial intelligence (Al),-B machining, big data

irrespective of their origins (Saji, 2004). The scheme alsc . s ) i = )
. . . . analysis, and machine learning (ML), in addition to genomic
promotes workforce diversity by focusing on the training of w biotechnol technol ]
- . . studies, biotechnology, nanotechnology, neuroscience,
women scientists who have had a break in their career and ~ ) gy_ ay )
. . . . with important applications to health, environment, and
encouraging noswresident Indians (NRIs), persons of Indian

- - . . sustanable living that will be woven into undergraduate
origin (P10), overseas citizen of India (OCI) serving abroar g g

in health research activities, to come back to India and SRAOFGAzy F2N) SYKFyOAy3 uks SYLX
undertake research in identified areas. The National Skill Development Corporation (NSDC), which

is a notfor-profit public limited company setp by the

Ministry of Finance with a publiprivate partnership

model, is a nodal agency that facilitates skill development

and entrepreneurship by fostering private sector initiatives

in skill development programmes and provides funding in

Pharmaceutical education in India suffers from serious
backdrops. These include but are not limited to: outdated
curricula and teaching styles, entry of unqualified and-non
meritorious students in the course, a lack of skilled teachers
and uncompetitive salaries offered to teachers, lack of

. . . . o sectors where market mechanismgeainsufficient or
industrial and clifcal exposure, and disparity in laboratory The NSDC. in its study ofdH R And
. . missing. The , in its study ofdHeman Resource An
infrastructure across states. (Jishnu V. et al., 2011). At the 9 y

. . . Skill Requirements in the Pharmaceuticals S&c(@f13
same time, pharmaceutical education comes under

professional education which is a key focus area under thel7’ 201722), reported a major skill deficit in human

GNational Education Policy 202QNEP 2020)To improve resoutrc;s f(:, t:e Indlantpharm?c;;gcal mdu,St?,/' As Perﬂtqhe
the present situation, the NEP 2020 emphasises therepor, € higher spectrum o organizafions in the

. . . . . sector require candidates who have a doctorate or post
preparation of professionals involving critical and
. L - . . doctorate degree but PhD/ M.Tech/ M.Sc account for only
interdisciplinary thinking, discussion, debate, research, and

. . . . . 5¢8% of the workforce in the chemicals and
innovation. It discerns that professional education should o7

. . . L . harmaceuticals segment; a majority of the people
not take place inle isolation of one's speciality; rather it P . 9 ! .y peop
. . employed in the sector have an educational background of
should become an integral part of the overall higher

. L . . 12th grade or below. The report identified the following key
education system. This will require closer collaborations ) )
. . o . HRD challenges and recommendations for stakeholders in
between industry and higher education institutions to drive

. . L . the sector:
innovation and research; Academia wik@be required to
introduce specialisations at the graduation level for

Challenges Recommendations

Pharmacy courses and industry needs are tgptal Strong industryacademia linkages to figure out industry needs
divorced. and teach/train accordingly.

Reluctance of students to work in community Spreading awareness aboernerging job roles and
pharmacy and low awareness of emerging streams customisation of curriculum accordingly.
pharmaceutical education.

Lack of practical training. Upgradation of infrastructure to impart industnglevant
training.

Lack of coordination among regulatory bodies leadi Strengthen oordination between various accrediting bodies.
to stagnation of curriculum. Taking inputs from industry, academia and government bodie
for holistic development of curriculum.

Quality of teachers is not up to mark. Incentivise and bring quality instructors into thearmaceutical
sector.
Substandard level of R&D. Promoting and investing in R&D.
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The Government of India (Gol) needs to improve the interest an impossible task. Therefore, these data should be
outreach of its training facilities and skill development available in the public domain and should be under
initiatives to those who are not ithe education stream and  government control.

to those working in the unorganised sector both in terms of . . .
In conclusion, the dynamics of policy, knowledge and

infrastructure and diversification of courses to suit their . !

. ) market are clearly more complex today in companiso
needs (Sanghi, 2012). There is also a need to strengther . . .
) . i . the mid1990s, and policy drivers have become more
linkages between policy actions and programmatic

) ) ) s international. With the continuous change in technological
interventions. This can only be done by synergising efforts . o L

. o . capacities and legislation, Indian firms are pushed towards
of different ministries and departments and mobilising

) S o searching for novel research methods that not only

private sector participation in the skill field. . L
enhance productivity in domdis firms but also prepare

Experts have argued that the Department of them for competing with foreign firms in the open market.
Pharmaceuticals should be brought under the Ministfy o This rapid pace of change has compelled the system actors
Health and Family Welfare to ensure better coordination of to function in sync with each other. Collaboration is a
various functions in the drugs and medicines sector requirement for success, and it is the only way to proenot
(Selvaraj et al., 2012). It has also been suggested that amew scientific discoveries and technologies in the sector
effort should be directed towards continuously collecting and hasten the translation of new discoveries into new
and disseminating pharmaatical market data (e.g., drugs. The scope and style of collaborative efforts can be
market share, consumption patterns, prices, etc.) as it is explored but government support for such partnerships can
done by private agencies like IMS health. The cost ofbe a game changer for ¢h future of the Indian
obtaining this data from a private agency is too expensive, pharmaceutical sector
making an independent evaluation by health and public
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wSadzZ G0a FyR !'yIfeéaaa

This chapter sets out to analyse the results of the IPSSIThis is also linked to the question of how successful existing
Survey. It uses a combination of univariate and multivariate policies are at highlighting either the convergence or
analysis which provides a strong empirical foundation. Thedivergence beveen the results and what is articulated in
frame of analysis can be divided into the following sections. government policy. With this in mind, this chapter aims to
Firstly, the cheacteristics of the survey are described in highlight the avenues that need attention within the IPSSI.
terms of the composition of the sample and its L

respondents. This is followed by a comprehensive analysis6-1 DESCI’IptIVGS

of the relationships/linkages between the actors of the
system. This then leads to the elucidation of therrers
that exist within the pharmaceutical system of innovation,
and those that are most predominant for each actor group.

The composition of the actors in the IPS8tvey has been
RSGFAEtSR Ay GKS a{dNBSe aSiK2R2
below shows the actor distribution and response rate.

TABLE!: Indian Pharmaceutical SSConvenient sample, data collected and response rates

Firm NorHirm
Total Number ofNon-Firm Actor
Industr
y Total
Sample Data Response Data collected Sample Data Response
collected rate collected rate
785 379 48.28% 7 24 63 8 200 102 51.00% 481

The overall response rate of the IPSSI Survey is 49%. Asgure 9 below shows the ownership structure of the firms
shown in Table 4 above, the response rate for industry issurveyed. Out of 379 firms surveyed, 376 dognestically
48%, for norfirm actors 51%, out of which intermediaries ownedand only 3 are foreigowned firms.

alone account for 62% of data collected in the ffism

category; this is followedly KBls at 23% while arbitrageurs

and government each account for 8% and 7%, respectively] ) .
Ownership structure of firms

Figure 8 below summarises the distribution of respondents
by actor group, with the clear majority belonging to 1%
WLYRdZAGNEQ G Tz F2t@we.4lIS
OpPpr0Z WI NDAGNY ISdNBQ 6320 |

FIGURE: Ownership structure of firms

20X

FIGURB: Actor distribution of respondents Foreign

Actor distribution of respondents

2%

13%
5ot m Industry
0
1%\ m Government

KBI Figure 10 below shows the size classification of firms

Intermediary surveyed. It is important to know the size of firms that

) participated in the survey as it can determine the level of

79% Arbitrageurs . . . . L . .
innovation, internationalisation, and adoption of emerging

technologies. It can beesn from Figure 10 that the
YI22NAGe 2F FANNVA adNWSe& SR
OFrGS32NE oow:0X Of2asSte T2

m Domestic

3

t

0S5t 2
t26S

N W

t
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WaSRAdZYQ &AT S FANNYA 0HO:O D The folowitgfiguteddSoit the AistriBution bfKek¥pandéd® y & G A ( dz
the smallest percentage (15%) of the total firms surveyed by affiliation for each actor group. Figure 11 shows that the
industry actor group is made up of 334C A N Q 6 b2 0 | YR
EIGUREQO: Size classification WYCANYXY h.aQ o T2 O0® CAJdzNB w™MH RS LI Ol
universities, public research institutes and private research

Size bin classification AyauaAaddziSaz uKS YI22NAUE& 0SAY3
Subsequently, Figure 13 shows that intermediaries are

major@ NBLINBaSyiSR o0& (KS 3INRdzZI VY!
nM:>> F2ft26SR o6& WLYRdzZAGNER ! 342
29% . i AyaihAilddzianzy adzlll2NIAYy3I G§SOKyAOl ¢t
HM2Y W/ 2NLIR2 NI GSkt NRGFGS LyOdzmol i

e edum LyOdzot 62 ND F G o e§uhli(éomposedD A (i NI 3 &
Small of banks and venture capital while the government
Micro comprises both central and state governments, with

majority representation from central government agencies.

22 This is outlined in Figure 14 and 15, respectively.

FIGURE 1 Industry ¢ Affiliation

Industry - Affiliation

7%

93%

m Firm = Firm OBM

FIGUREZ KBIg¢ Affiliation

KBI¢ Affiliation

4%

= Private Research Institute = Public Research Institute m University
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FIGUREX Intermediary ¢ Affiliation

Intermediary ¢ Affiliation

6% 0%
m Academic Incubator Corporate/Private Incubator + Government Incubator
Industry Assaociation m Public ISTC

FIGURHE4: Arbitrageur ¢ Affiliation

Arbitrageur- Affiliation

50% 50%

m Bank = Venture Capital

FIGURHES: Governmentg Affiliation

Governmentg Affiliation

43%
57%

m Central Government = State Government

It is important to get further clarity with respect to the at the firm level. Figure 16 below depicts the types of
industry actors in order to better elucidate the data in this manufacturing ativities of the firms surveyed.
report, particularly as the majority of innovation takes place
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FIGURHEG6: Manufacturing activities of firms

Manufacturing activities of firms

Raw Materials (Excipients)_
Packaging Production_
Secondary Packagin_

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%

About 30% of the firms surveyed are involved in the intermediaries and arbitrageurs) their organization
manufacturing of active pharmaceutical ingredients (API), engaged with and the respective type of engagement. The
25% are involved in primarpackaging activities, 23% (&LJSa 2F {tAy1lF3S5Sa AYyRAOFGSR Ay
LINERdzOS NI g YFGSNAIFf AT wmy:: WR2YWNE OTi I 3 4 yzBILI NP RIzEiScABIRA ¥ § R LIk
Mci: YEydzFl QG dzNE W{ SO2yRI NE I AINBBEINVWARP RSYI NJ AYyIQZ - WW2AY

. Lldzof AAKAY3IQX Y{SO02yRYSyilaQs [o]]
6.2 Linkages Wt N2 OdINBYSyid O2yiNy 0GaQs wcz2NYI
YSSGAy3aaQr W{SYAYINBRKCNIAYAYIQS
WwSONBA GYSyilGkttl OSYSyldpter yR WW2 A
highlights both the major and minor intraand inter
relationships as well as the strategic interactions that are
crucial to driving innovation in the SSI. Finally, those
interactions that are truncated or missing are highlighted in
order to better wnderstand and articulate interventions
that need to be undertaken to bolster the SSI.

Before the issue of the linkages between the actors in the
IPSSI is brought to the fore, it is important to reiterate the
importance of linkages from the perspective of the SSI. For
instance, in their critique of the linear approach to
innovation, Edquist and Hommen (1999) stress the
importance of interactive learning and innovation
networks, for which linkages between acsoare crucial
(OyelararOyeyinka, 2005). Cavalcante (2011) articulates
that interaction between agents through formal and In general, it can be seen from Figure 17 that the majority
informal linkages can take the form of: joint research and of relationships are in proportional terms between the
publications, personnel exchanges, patents and licenses,actors in the sectorial systent mnovation. Firstly, in order

the purchase of egipment, or the transfer of technologies of magnitude, the number of respondents the actors who

or methods. In this light, the analysis conducted is twofold: participated interacted with are industry, intermediary,

an understanding of the type of relationships that are knowledgebased institutions, followed by government and

present and who initiates them. arbitrageurs and financial institutions. Industry actdrave

GKS fA2yQa akKFENB 2F AyGdSNI OGAz
industry  associations. Knowled@gased institutions

The next point of analysis is to determine which type of primarily interact with industry. Intermediaries mostly
engagement occurs when an actor interacts with players ininteract with themselves, whereas the government

the system. This can be broken down in terms of indnad interacts with intermediaries. iRally, financial institutions
inter-relationships. Each respondent was asked to list other and  arbitrageurs  primarily  interact with  the

actors  (industry, goernment institutions, KBIs, knowledgebase.

Types of Linkage
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FIGURHEY: Ecosystem relationships

Pharmaceutical Ecosystem Linkages

H ND B GOVT KBI INT ARB

GOVT

Sankey diagrams (refer to Figures 18, 19, 20, 21 and 22naterials (pharmaceuticahtermediates and
below) have been used to display the types of relationshipsingredients)and secondary packaging materials.
(intra-and mFeFImkages) between th? syste@ actors, from Additionally, the nek prominent type of interaction is
the perspective of each actor. The diagram is composed of - ) .

o i ) ) communication between firms in the form of formal
two distinct sections. The lefiand side of the diagram

h th i ‘ bei df th meetings and informal meetings. This indicates that there
shows the specific sfem actors being engaged from the . . . )

. P st g engag is a level of knowledge and information flow between firms
perspective of a selected actor, as well as the number of

) i . ) o __ and indicates that they do not function in isolatidformal
interactions. This provides an indication of who is . . S .

meetings contribute to the process of sharing information,
connected to whom. . L .

exchanging and developing ideas, as well as expressing
From the righthand side of thediagram,we can see the  disagreement, and managing conflict (Shasitall, 2022),
various types of interactions, as Was the total cumulative ~ however this mechanism indicates there is a structured
number for all actors engaging in these types of approach with a focused genda. Whereas informal
interactions. However, the specific number of interactions communication is more flexible and seen to be crucial for
for each actor are not represented in this visualisation. idea generation and the sharing of timely information
(McAlpine, 2017). The combination of formal and informal
channels of communication greatly boosts innovation
(Grimpe andHussinger, 2008).

Overall, the Sankey diagram offers valuable insights into the
complex network of relationships and linkages that exist
within a particular sector. It can help identify knowledge
and resource flows between actors, thus making it a useful There is a clear understanding that the Indian

tool for understanding the dynamics of the sector. pharmaceutical value chain is complex. Only through the
reduction of this complexity, through the consolidation and
optimisation of the network as a whole, can the benefits be
unleashed. Layer manufacturers are aiming to support
seamless communication across suppliers, manufacturers,
Intra-relationships distributors, and customers through the removal of
redundancies in order to improve supply chain efficiency
FYR NBftSIFasS WwWadzy1Q OFthhligha G&T
assets with capabilities and strategies, leading to-ltop
improvement (ATKearney, 2019). Examples of such
activities  include large  manufacturers  providing
information and training on SAP/ERP systems for suppliers.

A specific example is the caskCipla who initiated a long

6.2.1 Industry

Figure 18 highiihts the industry intraand interlinkages.

The major intrarelationships are useproducer
relationships in the form of contract buyer and contract
supplier. Given the size representation of the firms
surveyed and that the Indian phaaceutical sector largely
focuses on generic drug manufacturing, these relationships
would generally present themselves as the supply of raw
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term capacity augmentation programme that included organised by the Indian Pharmeutical Association (IPA).
supplyand-demand mapping and rationalisation across all Other intermediaries such as standards bodies for example
sites. As a result, it now has a good grip on complexity tothe Central Drugs Standard Control Organization (CDSCO)
help achieve its desired profitability and operational regularly provide trainings on GMP certification and quality
efficiency levels. issues.

The emergent minor linkages reported are in the form of Other mechanisms of knowledgiissemination include the

procurement contracts, nowlisclosure agreements, as Biocon Academy which was founded by Bidéam2013 as

recipients of funding, joint research, and joint ventures. a CSR initiative, designed to be a Centre of Excellence for

Little innovation outputs are emerging from the interaction advanced learning in applied biosciences. The academy

and this hghlights the fact that despite the information endeavours to transform raw talent in India into skillful

flow between firms in the pharmaceutical sector they are industry professionals and bridge the gap between industry

generally competitive rather than collaborative in nature. and academia. This skill development objective is achieved

The lower level of knowledge protection activities and by offering shortterm certificate programmes focused on

innovation outputs may be indicative this. imparting industrial training. Within a span of 7 years, 700

students were trainedin the life sciences sector and

successfully placed in 40+ biotech industries across India.

When examining the collective inteelationships with . A 202y | OF RSyeéua Tl 3aKALI LINRIANI
other actors of the system, the most prominent / SNIAFAOIGS t NEANIY Ay . A23a0AS8Sy0
interactions are in terms of formal and informal meetings, Graduate Institute, California, is the bégtclass

seminars and trainings, joint research, recruitments and programme that aims at transforming graduate and post

placemens, licensing agreements and as the recipients of graduate students into professionals ready to take on the

funding. evolving challenges of the biotech industry. Biocon

Academy has partnered with the JSS Academy of Higher

Education and Research (formerly UB#ersity), to deliver

afirstofits] AYR &/ SNIAFAOFGS t NREAINIT Y A
' TFFEANRE O

Inter-relationships

Formal communications with the government generally
focus on issues of regulation, compliance, and trade. With
respect to knowledgdased institutions there are channels
of communication that reduiin the transmission of tacit
YR O2RAFASR (y26f SRISH | yAs BEjbint tdsedrch,ol®liary gharniiakesticals dornipiadiids &
I KIEAY LYAGALF (A @S pasonscknfef@ifice A Bavelbgen sloy yoduiof in theyinnovation space (e.g., new
which acts as an opportunity to enable suppliers to molecular entities, complex generics), due &olimited
informally interact with member companies and expert governmentsupported research ecosystem. There is scope
organiations in the areas of: human rights and labour, to improve collaboration between government institutes
ethics, health & safety, and environment and management and industry on innovatiofiocused research initiatives. For
systems. The conference explores the challenges facing theexample, clinical trial approvals in India are subject to
industry, recognises contributions that partners are already stringent reguléory norms and pharmaceutical companies
making and aims to further delap expertise. This is often face challenges in securing the participation of
particularly important given the knowledgatensive government institutes in clinical trials (IPA 2019).

nature of the pharmaceutical sector. The link between industry and KBIs highlights how some

In the case of industry interaction with intermediaries, both large firms in the highechnology sectors have sdhuigto

formal and informal communications are commonplace break away from the limitations of internal R&D by

and can be seen as meetingsrmanufacturers with their ~ engaging in external collaborative projects in order to gain
member industry associations. An example includes theaccess to the open knowledge networks from the
LYRAIY 5NHz34 al ydzFl O dzNB NE ®nowledgeBadeh Thiish seekingith rge clpsegnititutivkal & | &
Sailof AAKSR AY wmdcm | yR A dtiedits thed iomgsit paiides and deRiBpnetwdrky R Y2 &
widely recognised pharmaceutical industry association with career structures in order to engage academic scientists in

over 1000 plus members manufacturing formulations, APls,joint knowledge production (Lam 2007). Another

etc. YSOKIyAaY GKIG 6Fa RNAOSY o8& Lkt
Lyy2@lGA2y wSaSIFNDODK LyAGAF(GA@BSE
Department ¢ Biotechnology, Ministry of Science &

Technology, which was the firsf-its-kind, earlystage

A crucial function of industry associations is dissemination
as is exemplified by platforms such as the Global
Pharmaceutical Quality Summit, an annual conference

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

46 Sourced fromhttps://www.bioconacademy.com
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innovationfocused PPP initiative in the area of capital or angel investors. With respect to the innovation

biotechnology fostering academia and enterprise linkages. LIN2 0S&aas |y SEIF YL S A& GKS at KINJ

ANF RFGAZY 1 a&aAail y OénenfedySY Sé

The high level of recruitment/placements indicatesath X )
. . .the Small Industries Development Bank of India (SIDBI)
KBIs are seen as a source of skilled human capital.

(d2008aaFdf LI FGF2N¥a GKFG NBY to'%%tdi” o pg got- |T ;K?%”g fﬁowsécal”dabs‘?rtﬂ‘it 28
CLoAtAGrGAzyY tNRINFY F2ni SHRREE yyﬁs%dqgtsﬁsr?‘i{‘?% e 47\?%“@: h%’(}?%t [AF
Sciences Sector Skill Development Council (LSSSDC), tﬁ[eore) announced by the central government which aims to

. S . enhance India's manatturing capabilities by increasin
aim of which is to mitigate chi@hges faced by employers | o g cap 4 . 9
. . . investment and production in the sector and contribute to
in the life sciences sector.

product diversification of higlalue goods in the
A successful example of licensing agreements is that of Supharmaceutical sector. The scheme has three categories
Pharma with the CSIR Indian Institute of Chemical of companies; Category A (FY20 global manufacturing
Technology, Hyderabad (CSIRT), for patents related to  revenue of pharma goods is more than equal to INR 5,000
certain compounds with potentidherapeutic activity. The  crore), Category B (between INR 500 crore to INR 5,000
objective of which was to bring innovations from Indian crore) and Category C (revenue less than INR 500 crore).
research institutes to the market to address the unmet The quantum of incentives vary for the three groupiNR
needs of patients globally. 11,000 crore (Group A), INR 2,250re (Group B) and INR
1,750 crore (Group C). To date, 55 drug manufacturers have
been selected under the PLI scheme (Business Standard
Online, 2022).

Most relationships between industry and arbitrageurs and
financial insitutions are as recipients of funding; the
majority of which comes from banks rather than venture
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BOX 1Pfizer IIT Delhi Joint Innovation and IP Program (HN{BI linkage).

Objedive
To catalyse a healthcare innovation ecosystem through technology institutes for strong market access linkages
Approach

LY HAamMpE (GKS AYyGSNYIlI GA2Yylf RNUzZA Yl ydzFl OGdzNBNJ t FAI1
and IPt NBINJ Yé (G2 LINPGPARS O2YLINBKSYyaA@S adzll2 NI G2
country 47

The initial phase of the programme, launched in 2015, offered innovators residential incubation at [IT Delhi and a
AyoSaldySyid 2F Lbw pn tF1K SIOKX 06SaARSa YSyiaz2NAy
prototyping laboratthNA S&5 Lt &SI NOK FyR FAEtAy3d &aSNBAOSasS 3IdzA R
industry linkages. For startups with ready PoCs, upli® 3 lakh each was given to access IP attorneys and service
cover the patent fe€. The coliboration resulted in the establishment of the Foundation for Innovation and Techno
Transfer (FITT) at Oelhi which successfully incubated nine healthcare innovations and 19 IP filings to date. The s
of the initiative broadened the FITT man8at 4 dzOK G KF G Ay Hnwuwwu t FAT SN I dz
O2ftt 02N GA2Y S6AGK | ONRBIFRSNI INRdzZL) 2F &ail 1 SK2f RSN
GLY@SalG LYRAF®I FyR {20AFf ! LKI

' YRSNJ CL¢¢Qa 2VRNKikdtE KrindpallinguBatiah paiirier, customised incubation support is prov
through various technology incubation centres at other IITs, major technology institutes and the incubation netw
Atal Innovation Mission across India. SocialhAlfs partnered to support the startups through their febmarket
journey. Grants up to INR 65 lakh are offered for healthcare product trials, pilot studies, and product market lat
to accelerate the lafto-market journey of their innovation.

Outcomes

The Pfizer initiative has evolved to anchor innovations from lab to markets and importantly, is leveraging, conn
and strengthening the healthcare stakeholder linkages via tech innovations. Besides technology institute
incubation centres, Pfer CSR initiatives are now channelled to support the innovation programmes with
collaboration of a host of noprofits working across a wide array of healthcare issues. These partners include th
I SFfEGK Lyy20FGA2y 9EOKI ytRSIK y@tt REBNIAY T 25NJ £ 1 IKIEINPSLIN]
Providers (India), and Marico Innovation Foundation, leading research centres and hospitals such as St Johns
Institute, HCG Hospitals, Cytecare Hospitals and broader innovation initiatichsas Google for Staudps, Design
Alpha, Healthcare Information and Management Systems (HIMSS), and international innovation ecosystem pr
like the TenX20.

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

47 Sourced fromhttps://www .thehansindia.com/posts/index/Educatieand-Careers/20151 1-24/PfizerlI T-D-launchhealthcareinnovation-and-P-
programme/188648

48 Sourced fromhttp://www.pharmabiz.com/NewsDetails.aspx?aid=97755&sid=2

49 Sourced fromhttps://inc42.com/buzz/pfizefto-backoncologyhealthtechstartups/

50 Sourced fromhttps://www.pfizer.co.in/ourcommunity-efforts/csrinitiatives/indovation-healthcareinnovationsmade-in-india
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FIGURE 18ndustry relationships

Contracts buyer: 277
ontracts supplier: 181 l

e Procurement contract: 53 m

Industry: 775 e —

Joint Ventures: 15 —

Formal Meetings: 637

Informal meetings: 343

ol

Intermediary: 738

Non disclosure agreements: 60 ®

Seminars/Training: 44ﬂ

Government: 620

P - - Trademarking: 120 il

I } Licensing agreements: 221
KBls: 344 -
S _—
D — - Joint research: 88
= ~ |
I Arbitrageur & Fls: 253 Recruitment/Placement: 71 |
\\ Recipient of funding: 202
Co-publishing: 11 =
Joint patents: 9 —
6.2.2KnowledgeBased Institutions These fora aim to offer a knowledgbaring experience in

various areas of pharmaceutical sciences with emerging
Figure 19 highlights knowleddmased institution intraand  rends and innovative approaches. Areas of focutuite:
inter-linkages. the drug discovery process, nutraceuticals, medical devices
along with pharmaceutics, biopharmaceutics, and novel
drug delivery systems, phytopharmaceuticals and natural
The majority of intrdinkages reported by KBIs are in the products, medicinal chemistry and chemical biology,
form of seminars/training, formal and informal meetings, molecular pharmacology, retatory affairs and intellectual
joint research and cepublishing which highlights there is  property rights. In addition to these conferences, many
some degree of collaboration between KBIs in the y| G A2y | f ASYAYLl NAS fA1S GwSOSy
pharmaceutical sector. 5A4020SNBE YR GLYUGSNLINBGFGAZY 2
d organised. The advisory committee for both conferences

Intra-relationships

An example of knowledge diffusion through seminars an
training is the Nirma Institute of Pharmacy International are canposed from leading institutions across India. It is
Conference (NIPICON) aNdtional Conference of Institute crucial that given the change in the global landscape from
of Pharmacy (NCIP), which are organised every other year.generics to biosimilars and cell and gene therapy, it is
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imperative that pedagogical topics are continually assessedlevel of Tier2 and Tier3 institutions, which are more
and addressed. In additionthere needs to be more resource onstrained.
information percolating from Tierl institutions to Tier2 and

Tier3 There is also the externalisation of knowledge with respect
ier3.

to co-publishing which may very well be associated with
As was previously highlighted, a combination of formal and National Assessment and Accreditation Council (NAAC)
informal communication drives the innovation process. In accreditation under the pillar of research innovation and
the case of knowledgbased institutions theresi more extension, or theNational Institutional Ranking Framework
formal than informal communication, which indicates a (NIRF) under the pillar of research and professional
level of rigidity to the exchange. practice.

Examples of successful joint research includes Stanford Inter-relationships
India Bio design, which was launched in 2007 as adirst
its-kind collaboration between Stanford Unisdy, the All
India Institute of Medical Sciences (AIIMS), and the Indian
Institute of Technology (IIT) Delhi. The goal of the
partnership was to identify and train a first generation of
local innovation leaders in medical technology who, in turn, As was previously highlighted, combining formal and
would 'St L) adAYdzZE I §S LYRAIF Q& yihfaintaSeyhimuric&iBnth&s@ ositive/eRattioriifhBydtion!
more recent example includes IIT Delhi and AIIMS New(Grimpe and Hussinger, 2008). From the perspectiffe o
Delhi, the two leading institutions in the country, have KBIs, this combination enables the dissolution of
jointly setup the Centre for Advanced Research and organizational rigidities and better exchange of ideas, to
Excellence in Disability & Assistive Techgpl(CARPAT), some extent, which may then be formalised in terms of
a Centre of Excellence (CoE) created under the aegis of théormal transfer mechanisms like licensing and the
Indian Council of Medical Research (ICMR) (Ref, 2021).  acquisition of patents (Jensen and ThyrsB001; Thursby
and Kemp, 2002), joint research (Cockburn and Henderson,
1998) or consulting (Thursby et al., 2007).

Among the collective interelationships with other actors
of the system, the most prominent interactions are formal
and informalmeetings, seminars and training, recruitments
and placements, and as recipients of funding.

Additionally, the IndeFrench Centre for the Promotion of
Advanced Research (IFCPAR/CEFPiAR model for
international collaborative research in advanced areas of Within the innovation process, intermediaries are
science and technology. The funding is provided fordfBl  important organizations in mitigating systemic failures
and industryKBI from India and France. (Sutthijakra and Intarakumnerd,2015). Major KBI

The IndeGerman Max Planck Centres in Bangalore andlnteréctlons. with |nterme$1|ar|es take thg form (-)f. formal.
meetings, informal meetings and seminars/training. This

New Delhi serve as fine exatap of KBKBI linkage in the fects tacit K led ¢ ‘ bet indust

. . . it know ransfer ween in

international arena. The Max Planck Centre was established © ~ _S ) ac owledge transter  be .ee us ry )
associations and KBIs. In the pharmaceutical sector this is

on the initiative of the Max Planck Institute of Molecular lfied llaborative initiafi h the ioint
. L xemplifi rative initiativ in
Cell Biology and Genetics in Dresden, the Max Plancke emplified ly collaborative alives such as the jointly

Institute for Infection Biology in Berlin, the Max Rtn hosted Student Congress by the Indian Pharmaceutical

Institute of Colloids and Interfaces in Potsdam, the National association (IPA) and National Institute of Pharmaceutical

Centre for Biological Sciences (NCBS) in Bangalore and th%ducatlon & Research (NIPERs). The objective of which is to

Institute of Life Sciences in Bhubaneswar, all of which arepartlmpzte n pharmaclytfollcyf devztrpj:er:t |tn a.proactlve
involved in the research work of the Max Planck Centre. way and serve as a piatiorm for Students fo give exposure

Scientists at tB IndoGerman Max Planck Centre for to international pharmacy scenarios.

Research on Lipids are primarily intending to conduct a Communication between knowleddesed institutions
comprehensive survey of lipids in various cells andand arbitrageurs can be explained through the process of
organisms. The aim is to develop tools that will utilise the ideation to market. Given thatarbitrageurs are the
individual fat components for the biological systamealysis ~ dominant source of commercialising risky new ideas and
and by doing so make it easier to research and treattechnologies (Lerner and Nanda, 2020). This process
diseases. requires a degree of formal and informal communication
during the process of risk assessment before the eventual
funds are comritted. An example of funding isSCAMP and
Japanese venture capital firm, Beyond Next Ventures (BNV)

A point of note is the general cost associated with R&D in
the pharma sector and whether or not this translates at the

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

51 Sourced from:http://www.cefipra.org/Industry Academia Project.aspx
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settingup an innovation hub to fund and fostereadtage ¢ KSNB | NB AYOASNYIF dA2y Lt AYAGALF
innovations in Indig. 9EOKIYy3IS tNBANIYYSE SHKSNB (GKS 1.
government stakeholders ufp-date on the latest technical

Another example for KBhdustry-arbitrageur engagement .
issues relatingd the sector.

is GCAMP, Bagalore. This incubator organises the
ablF A2y It . A2 9y i NDBLINB SdzNark of_the /mdsy hdpulak idchbatyrs in ndia. i9 Venture

nationwide competition to attract, identify, and nurture / SY i SNE t dzy ST F2dzy RSR AYy wnnt |
bio-entrepreneurs working on novel and scalable business National Chemical Laboratory. Venture Center was

ideas with significant societal impact. Applitaicompete incorporated as an entrepreneurship development center

for attractive cash prizes and investment opportunities. under Section 25 of the @wpanies Act, 1956 (now Section

First launched in 2017, the NBEC has emerged as a flagsh under the Companies Act, 2013). Venture Center is an

platform for bicentrepreneurs and innovators in India to approved incubator of the National Science and Technology

showcase their deep scienckiven ideas and has had a Entrepreneurship Development Board of the Department

great impact. It has brought to the forefront 63 of Science and Technology, Government of India {DST
exceptionally promising young entrepreneurs as winners NSTEDB}

who grabbed the attention of investors, were featured in

ional lobal i i h . S
national and global media, and went on to win many other engagement is IKP Knowledge Park which is aa26®

accolades. Industries like Biocon, Anthem Bio, Audgen ) . . .
N JA AL - premier science park and incubatar in szderabad and
{ey3aSyS: bz2g2z2levysaz .A202y .Azt%EH\e?aZ AQQ.JSIW . dz3d o

. . . Bangalore. Tt is seip with the ‘mission to create ‘a word
are some of the industries who offer prizes to the

. . . . class ecosystem for fostering leadiedgeinnovation in the
innovators. In addition, arbitrageurs like Sangam VC, Kotak

) ) i . country. IKP promotes the advancement of technology
Private Equity, Indian Angel Network (IAN), Social Alpha, .
) ) based innovators, entrepreneurs and small and large
and Enzia Ventures offeniastments.

companies through customised space, shared equipment,
One of the finest examples for GovernmefBl incubation, mentorship, and funding. IKP has so far
Sy3alasSySyid {2 LINRY2I{SboXyyaugdoried &gt 430 comparsd®m sévenicduntries, 90%
(Bioincubators Nurturing Entrepreneurship for Scaling of which are startups. IKP Knowledge Park launched its
Technologies) scheme to create globally competent a DN} yia al yF3SYSyid tNBINIYYSE Ay
bioincubation facilities across the countryBioNEST Grand Challenges and other innovation scouting
bioincubators are mandated to provide incubation space to programmes in  partnership  with international
entrepreneurs and startups along with shared access todevelopment agencies and statad central government
highhend infrastructure, specialised and advanced departments®

equipment, business mentorship, IP, legal and regulatory Recruitments and placements offer clear benefits to the

uidance, and networkingpportunities. Through the Bio . . .
9 gpp 9 actors involved. Industrial placement schemes can facilitate

NEST scheme, BIRAC h I ioin r . . .
ST scheme, C has supported 60 bioincubato sstudent learning, from the theoretical to practical, and

placed either within academic/research Institutes, medical F18 GKSY, Y2 NB W Rdra‘bérg&m_G)Nﬁ FR2 O

K2aLAdrfasz oA20SOK Of dzad SN 2 | Gl yRE § S A 0 2NR UF
. ‘qn adc’i\llt‘ljon, ?he %enefng of foster?n such |P{1usﬂﬁ)l

are supported through private, central or state . . . . . .

interaction include the ability to guide and improve
goverrments>4 .

curricula development (Arlett et al., 2010, Wandahl et al.,
With respect to seminars and training, the knowledgebase 2011). The talent pool with advanced skills is limited indndi
is seen as a source of technical knowledge. In addition, thewith only 2,000 PhD students enrolled in pharmacy
inclusion of industry actors ensures relevance based on realinstitutes (compared to over 15,000 PhD students enrolled
world problems, as well as continuous learning between in the US). There is also a gap between the college curricula
industry andthe knowledgebase (Kaklauskaset al., 2017).} YR AYRdzZAGNE Q& NBIljdZANBYSyliaod |25
Practical examples of this include the Institute of Good Sciences Sector Skill et 2 LIYSYy G/ 2dzy OAf Q& 6
Manufacturing Practices India under the Department for agenda, along with the introduction of apprenticeships
Promotion of Industry and Internal Trade (DPIIT) imparting (IPA, 2019). However, in the case of many Indian
training programmes to provide trainirtg industry in the institutions, relationships of academia with industry, rather
areas of pharmaceutical and healthcare manufacturing. than that of the institution, are strong drivers in the sucses
Y2Yo2Y2Y2Y2 Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo
52 Sourced fromhttps://www.ccamp.res.in/seeeundingCBIH
53 Sourced fromhttps://www.nationalbioentrepreneurship.in/
54 Sourced fromhttps://birac.nic.in/bionest.php

55 Sourced fromhttps://venturecenter.co.in
56 Sourced fromhttps://www.ikpknowledgepark.com/

Another example of  GovernmewtrbitrageurKBI
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of the placement proce8& The indication being that Karnataka, 2018), as well as the provision of research
formal mechanisms need to be bolstered. An example grants. Examples of successful research grants for the
6SAy13 GKS G9YLX 28 SNJ CI Ophdrrabeutical Segfor inctudeEREINprojects sgofskced by
PLILNBY GAOSaKALEE FTNRBY GKS [the Dé¢pariment of Science an@lechnology (DST) and
Department of Scientific and Industrial Resea®SIR) to
the National Institute of Pharmaceutical Education &
Research (NIPERS)

Flow of funds can be explained in terms of thaditional
relationships of funding education (Government of

FIGURHESY: Knowledgebased institution relationships
Recruitment/Placement: 63 I

Contracts buyer: 2 —

Joint research: 86 I

Industry: 166 l' fﬁy ‘

Formal Meetings: 100

KBIs: 179 \\i\\\

N Informal meetings: 94

Intermediary: 150 - _—

)X\ \'\/ /\ _ Contracts supplier: 3 —

Co-publishing: 44 I

‘ \\\\ -
[
|

Q. 3 =
= > . \‘ e ~__ Non disclosure agreements: 14 ®
R eent=60 — = ———e = Joint patents: 9 =
—_— = Licensing agreements: 14 ®
Arbitrageur & Fls: 33
Trademarking: 3 —
Joint Ventures: 2 —
Recipient of funding: 52 I
Procurement contract: 5 =
6.2.3 Government Supplier contracts between government bodies emerge as
central public undertakings or state public undertakings
Figure 20 highlights the government intrand inter  supplying to the state government, for example Tamil Nadu
linkages. Medical Services Corporation Ltd. (TNMSC) supplying the

Government of TaihNadu. An example of joint research
and copublishing has been how the Indian Council of
The main intrelinkages reported are contract suppliers, Medical ResearciCMR) and the National Institute of
seminars and training, formal and informal meetings, joint Virology (NIV) were key institutions for conducting
research, cepublishing, and licensirggreements. advanced research, publishing, and disseminating

Intra-relationships

1212 Y2 %Y Y2 Y22 Y2 Y2 Y2 Yo Yo Yo Yo Yo Yo

57 First, academic engagement is practiced primarily by scientifically productive individuals, suggesting it is complementtametoinstrumental for,
academic research activities. Second, relatedly, academic engagement is positively correlated wigingnobsearch funding and resources. Third, academic
engagement appears, as compared to commercialisation activities, to be more driven by autonomous individual motivatibasemteristics and less
influenced by embedded university characteristicskPgan et al., 2021https://www.sciencedirect.com/science/article/pii/S004873332030189X
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information relating to COVH29. Licensing agreements Inter-relationships

generally exist for such technologies and materials. . ) . .
On review of the interelationships between government

Due to the complexity of policy making, the division of and other actors, the most prominent type of interactions
labour between government agencies makes it almost are formal and informal meetings, seminars and training,
impossible for one agency to dominate the proceksint joint research, licensing agreements and
efforts involving different agencies are essential as is trademarking/standards

highlighted by formal and informal communication.

L o Critical issues facing the Indian pharmaceutical sector have
Therefore, communication, coordination, and mutual

. and unexpected changes to the
adjustment between these stakeholders and between the emerge.d fror.n.frequen.t i u xp. 9 )
domestic pricing policy, in particular, an uncertain

stakeholders and the environment agatrwhich policy is ) ' i )
. . . environment for investments and innovation. The
made is required (Flanagan et al., 2011). With respect to the ;

. . o . government and stakeholders would netedconstructively
pharmaceutical sector this was exemplified during the to devel ¢ «that i Iabilit
COVIBL9 crisis by the engagement of the Ministry of engage ° i:ﬁtOpaf rafrfne;vobrl da ens?res .t.e avaia kl‘.lly
External Affairs Department of Pharmaceuticals (under an .a.ccessu ity ot a or able drugs for citizens, W ve

providing a workable pricing structure for pharmaceutical

Ministry of Chemicals & Fertilizerspirectorate General of ; )
. . . companies (IPA, 2019). In this sense, the openness of both

Health Services for vaccine production and supply. ) L

formal and informal channels of communication is key to
Another example of how communication occurs amongst finding feasible solutions
RAFTFSNBy LJ- NI & 27T GKS EIQQSNIYS Ad P%édzauNJé
Lyy2@tGAazy tNBANIYYS 2y aasHG é’]g?Sf'tﬁhP”Déqbe":}\l&etf?ZBeiwe:”? ?c?"’t‘%'
collaborative project between the Ministry of Electronics enterprise of the Department of Biotechnology, an €

| | ¥
and Information Technology (MEITY) and Biotechnologyh Ly R)\t lI {t nyI S td a d b ftu 62 NJlt 6L!b0Z
Industry Research Assistance Council (BIRAC), Department; prizontal plaform for seed and earigtage investing in
BioTech, MedTech, HealthTech, pharma, AgriTech and

of Biotechnology, Ministry of Science and Technology,
. . . . CleanTech startups supported by angel investors who bring
Government of India. The pegjt goal is to fund a portfolio ) i ) ) )
deep domain expertise. It has strategic operations in the

of Indialed pilot projects targeting innovations in ) - .
S - . . . areas of investment opportunities, mentorshipparket
multidisciplinary areas comprising electronics, engineering, . o
access, overseas partnerships and R&D facilities. Key to

medical devices, healthcare, software, algorithms and = i ) ]
. . . . their success is tacit knowledge transfer in terms of formal
information technology, to help medical electronics ) L

and informal communication.

fraternity and to bring in faspaced research and

development in this area. The idea is to provide funding Dissemination of information is highlighted by
support to applicants for testing their bold ideas, intermediaries such as the IDMA along with the
mentorship from various subject matter experts, Department of Pharmaceuticals (DoP), Government of
networking platforms and an opportunity to scalg their India (Gol), organising various webinars and workshops on
technology. Under this project support will be provided at GMP, GST, the Government of Orisha’s Sugam Portal across
the seed, early transition, and transitions to scale stages. India.

On an international level, the Indd.S. Science and Recent example in terms of joint research as of the CSIR
Technology Forum (IUSSH&)established under an  Central Drug Research Instituteycknow (CSHRDRI) and
agreement between the Gol drthe US in March 2000, is NIPER Guwabhati, Assam (NHERngaging in collaborative

an autonomous bilateral organization jointly funded by R&D projects for scientific upliftment of Norhast India.

both governments. It promotes science, technology, Knowledge dissemination and transfer is exemplified by
engineering, and innovation through substantive initiatives such as the Technology Information Forecasting
interaction among government, academia and industry. and Assessment Council (TIFAGIIPER Guwahati) joint
The Department of Saiee and Technology, Government of workshop on the techn@ommercial assessment of the
India and the U.S. Department of State are the respective Technology Readiness Level (TRL) 6 and above technologies
nodal departments. developed in India by academia, research labs and

. . . . industries.
With respect to minor relationships, the overall number of

respondents is low and the relationships that emerge are ¢ KS &/ 2 y (1 NI Ol (GRShaBrs AtXKdatiorCoK S Y'S ¢

generally balanced in nature. a process or prototype (developed by academia) by the
industrial partner. This serves as an example for- KBI

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

58 Sourced fromhttps://iusstf.org/home
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industry linkage funded by a government body (BIRAC).of Pharmaceutical Products (CoPP). In terms of licensing
Examples of each are addressed in turn. agreements, during the Ca¥L9 pandemic, the Indian
Council of Medical Research (ICMR) developed Covaxin and
provided Bharat Biotectvith the solelicenseto
manufacture.

In the case of trademarking/standards, the Drugs Controller
General of Indiaa CDSCO under Directorate General of
Health Servicesissues WHEEMP Certificates/Certificate

BOX2: The BioAngel Program (GOVARB linkage).

Objective

To drive seed funding and eadyage investingni BioTech startups through a pubficivate partnership association of
the Biotechnology Industry Research Assistance Council (BIRAC), under the Gol Department of Biotechnology,
Indian Angels Network (IAIR.

Approach

Founded in 2019, the BioAngeJt | G F2N)Y A& LYRAI Q& f I NBS & tstageankdstinehty iin
technologyled BioTech ventures across verticals such as MedTech, HealthTech, pharma, AgriTech and Cl¢
Besides funding, the platform offers mentoring, and amalding ecosystem for the startups for taking their researc
backed innovations to the market.

Over the last decade BIRAC has built a pipeline of 500 startups and enterprises who received support for §
NEaSI NODK YR Ayy2dl Gtisefopmeit2eed. IS dommeytidlise ti@se pradNdisRrizsolution
the IAN mobilises investments through a consortium of angel investors, higharét individuals (HNIs), earstage
VCs, family offices and corporates. Investors work with domainrexfrem BIRAC and the scientific communities
understand the science behind the application of the science and the entrepreneurial propositions by the stg
Patient capital to the tune of INR 2¢8L00lakh crore is made available to the startups.

The platform works with startups to help them articulate their business objectives. Investors are able to asse
customer needs being addressed, the science behind it and the growth ambitions of the startup and its tean
includes assessing the ainf the targeted accessible market, the current competition and the delivery model of
company, and also strengthening its operational focus, frameworks, processes, and governance.

Qutcomes

The BioAngeplatform is raising INR 350 crore for investing in 130 startups engaged in innovative réseboctake

innovation excellence quickly to market, the platform is specialised in providing nuanced servicegethliompanies.

For instance, startups fouled by scientists and technical experts building IP make them valuable investments
platform identifies the right investment modein this case the exit option for the investor would largely be enabl
when the company is acquiréd The revenuearning startups with shorter gestation tend to have a mix of scienti
and business experts. Such startups are making great strides in innovative precision medicines for prevent
curative medicines by convening the expertise of scientists, data anadystdusiness experts. The IAN have also b
Fy FLIJE OFftftSR GKS a.Lh ! LJX F2N YFILLAyYy3I Ay@dSaidzN
support to startups

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

59 Sourced fromhttps://bioangels.vc/

50 Sourced fromIAN Signs MOU with BIRAC to Bring Bio Technology Startups Closer to Angel nB&¥gtBisrupt (businessworld.in)
61 Sourced fromhttps://bioangels.vc/2022/05/11/iarbiracto-launchbioangelsto-raisers-350-cr-for-startups/

62 Sourced fromThe science behind the healthtech startup must be understood vi&tpress Healthcare
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FIGURRO: Government relationships
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BOX3: Sakura Exchange Programme in Science for Indian Researchers/Administrators (GBI Tinkage)

¢KS a{l1dzNF 9EOKIY3IS LINRANIYYS Ay {OASyOS F2NJ LYyR
and Technology Agency from January 20th to Jan 2th9,in Tokyo, Jap# An Indian delegation of 42 members
comprising 2 officers from théepartment of Biotechnology, 3 officers from the Ministry of Human Resour
Development, 2 officers from the Department of Science and Technology, 3 Officers from the Department of S¢
and Industrial Research, 1 post doctorate from the Internalo@entre for Genetic Engineering and Biotechnolo
(ICGEB), and 21 young scientists from the Indian Institute of Technology (IITs) and the Indian Institute of
Education and Research (IISERs) attended the programme

The focus of the exchange pregnme was artificial intelligence and deep machine learning. The programme eng
the young researchers from the IITs and IISERs to exchange their ideas with Senior Professors from 16
universities with an aim to establish strong Ird@panese caborations in science and technology. The Indi
delegation also made visits to key universities partnering in the programme including, the University of Tokyo,
Institute of Technology, University of Tsukuba, National Institute of Advanced Ind$stiéaice and Technology, Rike
Center for Advanced Intelligené&®oject,and Japan Electron Optics Laboratory Company (JEOL), Ltd

VoYoYo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo Yo
63 Sourced fromhttps://dbtindia.gov.in/sites/default/files/Monthly Cabinet Summary Janu&@19.pdf
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6.2.4 Intermediary The representation of formal and informal communication

between intermediaries and govemrent highlights the role
Figure 21 highlights intermediaries intend interlinkages.  of industry associations as facilitators between industry and
A2PSNYYSyiliod hiGKSNI SEkbOLgicEa Ay Of
AYAGALFGADS . L 99bid-ifcabatos.dZLel2 NJi 27T
The main intrdinkages reported are formal and informal  engagement with KBIs such as the Medanta Institute of
meetings along with seminars and training. This indicates Education& Research (MIER) for mentorship, networking
high tacit knowledge transfer between intermediaries. and training is a clear example of both tacit knowledge
Close and regular formal and informal communication can transfer in the form of seminars and training as well as
be seen bes SSy (KS LYRALY 5 NYgddal méelinysdzt I Ol dzNB NE Q
Association (IDMA) and Indian Pharmaceuticals Association
(IPA) who historically have a sibliliige relationship. There
is also regular engagement between national and regional
offices of industry associations. Fronethiew of incubators
in order to facilitate knowledge transfer, the Indian STEPs &type_approach t© pr_omot.e the developme_nt of novel
Business Incubators Association (ISBA) is a Commoﬁolutlons and innovations in the pharmaceutical sector. It
platform for networking between incubators across the targets youth and has a focus. on the areas .o.f: wqmen's
country. With respect to knowledge dissemination through hedlth, mental health, public health, —anthicrobial

seminars aR NI Ay Ay3as GKS Ly RAFHEEISECNeT JURPY | CRIN JIREIER QL and
Association (IDMA) and Kerala Indian Pharmaceuticalssuslta'nab'“ty in the p.harma.lceutlcal |r.1dustry. The results of
Association (IPA) regularly conduct joint training which are regularly disseminated online.

LINEINIF YYSE tA1S GKS ahN@BrSy fundsA oy da? bé KdetNdén tmtmgdiaded GaN@ £

pharmacy graduates. F NDAGNF 3SdzNEP tfFGF2NY¥a &adzOK | 3
arhaaArzyéd 2F G(GKS bL¢L !'l@235 | NB
interaction with arbitrageurs for facilitating the flow of

funding, providing INR 10 crore grants to establish

incubation centes. Tacit knowledge exchange between the
Inter-relationships two actors is in the form of formal meetings, informal

meetings and seminars/training. It is important to highlight

the relationship between the Enterprise Incubation Centre

(EIC) of premierB OK2 2 f L L aoidf acuOpus/adds Qa b

the HDFC Bank, who signed an MoU to help startups with
Communication  channels between industry and mentoring, training, product acceleration, and banking
intermediaries are clear and evident primarily due to the services

firms being members of industry associations.

Intra-relationships

iSNxya 2F 22AyG NBaSIFNOK:EI (K
LYAGAL A @S¢ assodiation k& Ordayfiatind df NB
Pharmaceutical Producers of India (OPPI) is a hackathon

Amongst intermediaries, the mor interactions reported
are in terms of licensing agreements, trademarks and joint
ventures.

With respect to intefrelationships the most prominent are
formal and informal meetings, seminars and training, joint
research and as reciits of funding.

78



INDIAN PHARMACEUTICAL SECTORIAL SYSTEM OF INNOV/

FIGUREZ Intermediary relationships
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6.2.5 Arbitrageurs andrinancial Young spotlight series Pharma Talk. In the case of
Institutions arbitrageurs andihancial institutions, there are no minor
relationships that emerge.
Flgure 22' hlgh_llghts arbitrageur and financial institution Inter-relationships
intra- and interlinkages.
With respect to intefrelationships, once again formal and
informal channels of communication are prominent,
The main intrdinkages reported are formal and informal followed by knowledge dissemination activities in the form
meetings which indicates high tacit knowledge transfer of seminars and training, followed by nalisclosure
between arbitageurs (banks and VCs). In order for agreements.
arbitrageurs and financial institutions to effectively stay on
track with the market and assess risk, information flow is
crucial. Hosting the Investor Conclave for assessing
regulatory scenarios and higgnd networkingamong the
PE/ VC investors by the Indian Venture Capital Assouatlon
provides one such platform. Other sectgpecific initiatives
are the Indian Venture Capital Association and Ernst &

Intra-relationships

Formal and informal communication between arbitrageurs
and financial institutions and government generally orient
around investment policies. An example is the

organised by the Department for Promotion of Industry and
Internal Trade (DPIIT), Ministry of Commerce and Industry,
to explore new sectors for investing, promote and protect
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the intellectual property created by the young Indian students, where the bank will own the intellectual property
entrepreneurs, provide expertise to scal@ and explore  rights (IPR) of startups for three years.

.greater. capital infusion |nclud.|ng risk capital. The Nondisclosure agreements indicate the confideli
interaction also reports funding aspects between . o ..
P . ° oA . policy of hanks for determination, of materlallztlyAandv

FNDAGNF 3SANE byR 32 8SNY VST A d0K s N
t NEINTF YES | A AT dzS L3t NIaw S N?ﬁSClO)%ure of evgn;sllnlarmathnvaéth the in Ius/tr or

, ¢ 2/ Al dz ¥ SNERA ad RS2 3% a%fSesvVahFasr oe
enterprise of the Department of Biotechnology and the
Indian Angel Network (IAN). In addition, the IANBIRAC
partnership (arbitrageugovernment) in the biotechnology ~What is important to note is that there were naokages
industry will allow new innovative startups to gain a reported between arbitrageurs and financial institutions
foothold in this highcost, hghrisk sector. While the BIRAC and intermediaries, indicating their relative isolation from
has been at the forefront in leading the bioeconomy at each other in the pharmaceutical landscape. This highlights
large, it is imperative to support and unleash the true the need to strengthen the presence of angel investors and
potential of innovative new businesses operating in this venture cagial in pharmaceuticabriented incubators. In
space with private angel investments. addition, there is the need to bring financial institutions

L . . . closer to industry players through industry associations.
Other funding iniiatives include the ICICI Bank tie up with

22 educational instituti India to fund id ‘ th This is particularly crucial in facilitating acquisition of new
educational institutions across India to fund ideas of the . :
technologies, particularlytahe level of MSMEs

for MSMEs.

FIGUREZ Arbitrageur and financial institution relationships

Seminars/Training: 10
KBls: 15

Formal Meetings: 12

Government: 12

‘

Recipient of funding: 10
I Arbitrageur & Fls: 4

'

Industry; 12 Informal meetings: 8

) Non disclosure agreements: 3 I
— Intermediary: O

80



INDIAN PHARMACEUTICAL SECTORIAL SYSTEM OF INNOV/

To summarise, the main type of interaction is innovation - Increase the channels of funding from venture capital
inputs with little translating into innovation outputs. In the and angel investors to support the process of ideation
relationshipgpresented above, there are some interactions to market.

which are robust, however what emerges is the need to
bolster certain truncated relationships in order to facilitate '
knowledge and resource flows within and between the
actors, hence fostering innovation. Accorg to the
literature, the scope and intensity of these interactions
between the actors are reflected in varying institutional § 3 Barriers to Innovations
arrangements, referred to as Triple Helix Type |, Il, and 1l
(THType |, 1l and Ill) (Etzkowitz and Leydesdorff, 2000;This section sets out to analyse thesults of the IPSSI
Etzkowitz 2003b, 2008; Ranga and Etzkowitz, 2013). In theSurvey using a multivariate analysis approach which
specific case of the pharmaceutical sector, TH Type llprovides a strong empirical foundation. The focus of this
transitioning to TH Type |l is observed. TH Type Il refers tcchapter is the elucidation of the barriers that exist within
mechanisms of communication between the actors that are the pharmaceutical system of innovation. It is crucial to
strongly influenced by the markeand technological underdand which barriers to innovation are significant for
innovations. In this case, the point of control is at the the pharmaceutical sector in order to critically understand
interfaces and consequently new codes of communication where resources need to be applied to bolster the system
are developed. The role of the government is primarily to of innovation and boost innovation for the sector. To this
fAYAG OFLasa 2F YIEN)L SO TFIl-At daSfactor dnalhdis is ed © indigate ahe RIGIRISIRY || WE | A
faA NBQ Y2RSt 2F AYUGSNI OlA2y féctorg tha KignbBoantly J&figenste Harrlem®® inBavatihO G SR G 2
act competitively rather than cooperatively in their enabling evidencdased policy design to be targeted
NEtGAz2zya o6A0GK S OKiype lil kit NE specificallypaddzaéenately fo gveraoime the highest barriers
FOG2NA Fad&ddzyS SIOK 20iKSNR& tNBrovdtion nypriofitiked saqyenaing. (Fdetoh @6 € 4 LIK S N
as well as the performamcof their traditional functions.  condenses observed variables into factors in a pattern
With the emergence of TH Type IlI, a complex network of matrix (clusters of inteO2 NNBt F 6§ SR @I NAIF ot S&0
organizational ties has developed, both formal and A Y i SNRSLISY RSy OSQ 0Dl d2NE mMppT 0P ¢
informal, among the overlapping spheres of operations. underlying structure that is responsible for the variation of
Hence, universities take on entrepreneurial tasks such asvariables in tle data and thus the population (Kim Jae
marketing knowledge and creating companies as a result ofand Mueller 1978). The next section aims to articulate this
both internal and external influences. both from the system perspective, as well as from the level

of each individual actor

Better knowledge sharing amongst government bodies

G2 LINRBY2GS Ty WIft 2F 3J20SNY
innovation, thus translating into more coordinated joint

research in strategic areas.

Hence, the interand intrainteractions that need attention
are: Description of Table Structure

Fostering joint research amongst industry actors with ¢ KS 02 f dzvy WCl O (itheNksbedeing rank) Ay RA O
an aim to make the sector more strateglily order (by importance) of the factor, which influences the

collaborative rather than competitive. aSGa 2F OFNNASNE (2 Ayy20FdAz2y @
blFYSQ LINPGARSE || RSAONRLIGAZ2Y T2
influenced by the factor and enables meaningful policy

discusion of the barriers to innovation. The factor names

are assigned based on the factor loading of the variables

Reducing the rigidity of communication between taking the higher loading variables into consideration as
knowledgebased institutiois in order to foster better  well as the judicious use of empirical evidence and theory

knowledge exchange and collaboration in the areas of jn the literature of SI. Th@aming of factors therefore

research, particularly with the inclusion of T2 and T3 reflects the variables that are most influenced by the

institutions. dzy RSNI éAy3 Tl OG2N®» CdzNIKSNY2NBX
[2F RAY3IQ AYyRAOFGSa GKS O2NNBfl G
variables, i.e., the extent to which the factor influences the

vah  6f Sd ¢KS 02t dzyy W/ NRyol OKQa
internal consistency and reliability of the factor, and hence

Strengthen communication channels amongst the ine cohesion of variables as a group. The dominant
knowledgebase and intermediaries, particularly heuristic, or commonly accepted rule of thumb for

industry associations. describing internal consistency and reliitp using

Bolstering industnacademic interactions for applied
research, in particular better participation of public
knowledgebased institutions.

Support secondments and placements in between the
knowledgebase and industry in order to better orient
human capital development.
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/ N2yol OKQa ! f LKFZ Aa AYyRA QMDA mdagure of lsampliBy adequatyD ISigdNaEeS thel y R
Mallery, 2003; Kline, 1999; Cortina, 1993). robustness of the sample in terms of the distinct and
. . . . reliable factors extracted (Kim J&n and Mueller, 1978).

For the purpose of policy analysis, factors influencing ¢ K S 1t 80004 ¢ S A 5T LK & NR O
INRdAJE 2F O NRIoftSa SAGK |/ N§.f>f6tl‘5l~[§;8a Ii‘%'lf_)ﬁh ?h§‘t“%é nd>f1{ KRE
deemed inconsistent and unreliabland are rejected for significant confi .er.1r.;e eve regang ?, coherence o

. . . factors, reproducibility and generalisability of the results
policy purposes. The factors enable econewigle policy } . ) )

- e . (Kaiser, 1974; Dziuban and Shirkey, 1974, p.359; Kim and

prescriptions, as well as actor (sector) specific policy

o . Mueller 1978, p.54; Rummel, 1970) (see Table 6). It should
prescriptions to be carefully and accurately designed. ) )
be noted that there are only representations provided for

¢KS O2tdzyy wez2idlk t dindidales thed S all Adtordtab thefeSaReQnoré ¢atidlés than observations,
amount of variance (variation) of the groups of variables in and it also represents the system as a whole. For the
the data sample and population, which is accounted for by individual actors, barriers to innovation are represented as
the factor. It is an indication of the extent or power of the a frequency analysis

AYFEdzSy 0SS 2F (KS FM&&RANPAYRS O2f dzyy WYl AEASNI

TABLE: Internal consistency of factor

I N2Pyol OKQa ! f LIKI Internal Consistency/ Reliability
% nod Excellent

neégp B I x ndPy Good

nbéy B I x noT Acceptable

ndét B | x ndc Questionable

ndc B I x nodp Poor

a<05 Unacceptable

TABLB: KaiserMeyer-Olkin (KMO)

Internal consistency of factor

KMO =1 Perfect

KMO > 0.9 Marvellous
0.9 >KMO > 0.8 Meritorious
0.8 > KMO > 0.7 Middling

0.7 >KMO > 0.6 Mediocre

0.6 > KMO > 0.5 Miserable
KMO < 0.5 Unacceptable

SourceKim JaeOn and Mueller, 1978

From the analysis of adictors (see Table 7) four factors Lndn (SOKy 2t 23A8aQ yR W[ IOl 2
emerge which account for 52.967% of the total variance RSSYSR (2 065 WOEOSttSyidiQ oc¢tol O
SELX I Ay SR dndas®yd M Ptk Fiinétian sw
UCT  MaiRet Bynamic§) ®

The 4IR consists of a set of complex, interrelated and
advanced digital production (ADP) technologies that have
Factor 1Yhdustry4.02 Aa (GKS Yz2ad aAi 3 yhaked Qheyfice Bi gabal NdarufadiiNgy.SThe key
to innovatian and accounts for 27.696% of the TVE within technology pillars of 4IR include: the Internet of Things
the sample, hence the population. When examining the (loT), big data, artificial intelligence, robotics, additive
factor loading, in order to understand the relationship of manufacturing, cloud computing, augmented reality,

SIFOK @FNRF6ES (G2 CF Ol2N mvirtudlréakdy] cyt®hysida) sySeNidsysteny iRtdgyabn 2 F L n &n
1SOKy2t23A8aQz WOKYA{ 2FA $ D@ asnulitidil TReoomplesity of 4IR technologies

demands high interdependency of competences and
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technological complementarity (Dalenogare et al., 2018; cost by 26% and enhancing quality by 300%, while reducing
Reischauer, 2018; Ribmann et al., 2015). greenhouse gas (GHG) emissions by 28% (WEF, 2022).

Implementation of 4IR technologies at arobder The first step towards 4IRmplementation is a clear
organizational level is required for a measurable impact of understanding of 14.0 technologies. A lack of understanding
digital transformation.Transforming factories from being of the value, goals and needs of 4IR technology still exists
manual and laboumtensive to being automated and highly among many firms (Bai et al., 2020). Robust evaluation
digitised requires enhanced capabilities, not limited to mechanisms and decision support tools can help
investment in tehnologies.Firms require a vast set of manufacuring firms understand the impact of 4IR
capabilities to digitally transform their entire operating technologies and effectively implement them. A clear
model using 4IR technologies (Boer et. al, 2021). Suchunderstanding of 4IR technologies, their benefits and
capabilities are hard to find in a single technology provider, impacts can help firms develop an organizativide 4IR
especially in the case of small and mienterprises (SMEs) strategy and set implementation targets. Educatire t
(APO, 2019). workforce on 4IR technologies and-gkilling them is key

to its effective implementation. A wellnctioning
innovation ecosystem can allow collaborations between
system actors for knowledge sharing and awareness
building. It will enable firms to integte resources and o
create 4IR solutions (Grant Thornton & ClI, 2017).

Manufacturing in the pharmaceutical sector is rapidly
changing, particularly with the adoption of 4IR
technologies. This paradigm shift is challenging traditional
approaches to manufacturing, with a clear impact on ggili
efficiency, flexibility, and consistency in the quality of the
industrial production of medicines. Industry 4.0 promises Due to the rapid global advancement of personalised
advancements of entire manufacturing systems and medicines, a shift is required within Indian manufacturing
infrastructures (Shah, 2022). In such an environment, focusing on nexgeneration therapeutics. There is a need

performance data can be analed by algorithms and used for new and aisting therapies to reach the market faster

for critical realtime business and operational decisions that and overall more effective utilisation of manufacturing

directly impact production outputs. This is crucial, capabilities. As the transformation of biopharmaceutical

particularly in an industry that is highly regulated and a manufacturing continues, manufacturers and raw material

large proportion of time is spent on documentation & dzLJLJX A SNE | NS Sy dBKRMHEI (K&nBNRKS |
(product dossiers, machine logs, batch records, etc.). artificial intelligence (Al), big data and smart systems are

. . being leveraged to help transform business models (Vijay,
In the case of the Indian pharmaceutical sector, examples 9 9 P (Viiay

of best practices of 4IR adoption are those of Dr Reddys and2 022).

I ALX Fd 5N wSRReQa SYol NJ S Rhegle of alitorhatioh ha$ herdeahancdtdbattddlaiyvtes G 2
WRAIAGA &S nwlied an@ytdde Ofdnfrabtiidtuie  the positive impact of the COMI® pandemic, leadintp

and digitisation of processes for robust and comprehensive an understanding of the potential to transform processes

data capture. Redime data and insights laid the and enhance overall performance, resulting in faster and
F2dzy RFGA2Yy F2NJ at NB2SOG h LkndreS éosafficientk dpédtionss (Viay, A292R)ii Wdwév&rR (i 6 2
years ago to transform the plant into an Industr@-diriven while there is a rapid level of deployment of I48sed

Wi AIKGK2dzZaSQ FI OG2NE I & RS TethyidioBiesindhe §ldodlorth, tnthdia mokednisatiandS al ¢ G F
deployment of six of the eight 4IR technologége&dvanced pharmaceutical manufacturing is still in its infancy.
Analytics, Digital Twins, Robotic Process Automation,Companies are finding use cases in many commercial
Augmented/Virtual/Mixed Reality, Digital Performance operations primarily amongst the larger players.
Management and thendustrial Internet of Things (lloT). Nevertheless, as the labour costs in India are lower than in

The site deployed more than 40 4IR use cases by operatingther cauntries, cost sensitivity must be considered a prime

in garage mode, leveraging the IloT and a democratisedfactor. Pharmaceutical companies are beginning to use Al
platform for advanced analytics. As a result, it improved and ML, but it's still in the proedf-concept stage. India is
manufacturing costs by 43% while proactively anting only starting to utilise blockchain for transparent data

quality and reducing energy by 41%. sharing between contracterand suppliers. While skill and

labour aren't a significant issue in India, unstable prices and

Additionally, Cipla deployed digital, automation and o i
| policies impede sector expansion (Durga, 2022).

analytics solutions to 22 Indian sites to preserve global
access to higlguality affordable drugs while facing an Factor 2 Policy & Functio® ¢ KA OK | NB | 1S& 7F2d
increase in material and labour costs. The pamy's Oral  an effective system of innovation (Reiljan and t&al

Solid Dosage facility in Indore led this journey by H nmp 0Z | O002dzyia F2NJ pdpm: 2F (K
implementing 30 4IR use cases, thereby improving total F N> YS g2 NJ Q= W[ I O1 2F Of SFNJ yI GA:
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WwSAGNROGAGS Llzof A Ok 32 G0 I8E Ik df haingaiiingQie fiheybMance bétwdén bz T KA I K
NBaz2ftdziAzy NBIdAg I GA2yaQ  2rad® bry e ofeyhand, (add sstirfaifle usedaad oA | G A 2 y
betweenthevariabla Ay / NRYy ol OKQ&a ! fshirkignty &n the btideQBhufdnt add KBl 2022).

It is generally recognised that the public sector has an Additional policy challenges include drugs price control and
important role in promoting innovatioryg, its task is to ~ minimal retail price (MRP) based on GST which burdens
support the development, diffusion and implementation of companies with higher tax.
innovations (Edquist 2006, p.182) through threation of . . . .
) ) ( q p' ) ) ) 9 ) Small and medium pharma companies hawewial role in
effective incentives and disincentives. Public sector . . .
the growth trajectory of the Indian pharmaceutical
intervention in the economy is usually justified by the need
industry. However, the fragmented nature of the sector
to overcome market and system failures. With the support

. . leads to the creation of specific barriers, particularly for the
from national regulations (laws, standards and norms) and . .
) R o ) growth of small and medium pharma companies. One such
public sectorinstitutions, the task of policy is to integrate

) o ) - factor is the &ck of awareness and knowledge about
both formal and informal institutions (social, political,

) . o ) ! procedures and regulations.
economic, educational, scientific, etc.) of the society in
order to create and develop a conducive environment Any international collaboration or research based on bio
which guides economic agents to innéwaand increase  resources is covered by the Biodiversity Act which is
their competitive performance. The government sector deemed to be restrictive in nature, therefore having an
directly guides the innovation processes through various impact on the innovatin potential of the sector. The Patent
political support activities (public procurement, tax breaks, Act of 2005 has also hindered the pharmaceutical sector
subsidies, etc.). The activites and effectiveness ofwith indications being made that there should be policy
economic unitsin their innovation processes is largely I YSYRY Sy (i -ANHSWHEYINI 2F LI GSydaoe
dependent on the smooth functioning of the innovation section 3(d) of the Indian Patent Act restricts granf
system, including the effectiveness and coordination of LIt G Sy G4 F2NJ WAYONBYSy Gttt Ayy2@l GA
innovation policy measures (Reiljan and Paltser, 2015).  provides significant therapeutic advantages to existing
) . . molecules. Overall, this is compounded by there being a
In the case of the Indian pharmaceutical sectpolicy (NHEG RSTAOASYOE Ay (KS 28062NI

bottlenecks can be seen in the incomprehension of
S V . materral transfer agrements, trade secrets are not robust
legislation. FoexampleL Y RA I Q& . A2 RA @S Cﬁ Ou, Aa | YeailSNE

p N Lo N Ihe Fndlan context .
iz vy2aid oAaz2tz23rada FyR &aidtl NJszLaCIJ yerJszyr GStexr GKSNB | NBy(
any awareness programmes to help researchers andFactor34CT | OO2dzyda F2NJ yonm: 2F GKS
entrepreneurs understanthe implications of the act. Take hence the population. The variables that load on the factor

for instance Section 3 of the act that requires all foreign are: "ICT capacity’, and "Rate of access to ICT" and are

nationals to obtain an approval from the Natonal RSSYSR (2Q 08y Wb&MMRa 2F (KS / NRy«
Biodiversity Authority (NBA) before using any biological Increased ICT adoption reduces information asymmetry
resource. If you are a company using a biological (Mushtag et al., 2022) and information flows are vital for
rescdzNOSLI F yiasz YA ONER o -$raducts | ythe Ynnavagion praggss dAllen 1977; Katz and Tushman
derived from it this clause implies that you need to think 1981; Tushman and Scanlan 1981; De Meyer 1985;

twice before allowing any foreign investment or Macdonatl and Williams 1993; Assimakopoulos and Yan
participation in your company. Any individual who has 2006; Allen, James et al., 2007; Doak and Assimakopoulos
citizenship to another country or is a N&tesident Indian 2007). In general the pharmaceutical industry has been

(NRI) is considered a foreigner under the act and is notresistant to digitalisation, mainly due to fair experience and

allowed to either fund or be part of the senior management complexity of the entailed developmémnd manufacture

without prior approval. Foreigners are not allowed to processes (Hole etal., 2021). However, based on the expert
KFEyRtS o6A2f23A0Ff YI (SN t stakghelder|dis@ssiorp fthig gedult S@lHyght ke betan 6 4 2
that directly deals with a biological resource (Manupriya, outlier. This reflection is also supported by the Government

2017). This has a clear impact on innovation. 2F LYRALIO& 5SLJ NI YéBnyiual Repbrt t KI NX I O

. . _ A - 3 2020205 WhICh I|sts a serles of successful -lzFed P
LYRAIFIQAa OA2RAUOSNAAUE fI ¢ AN uKS

| dch t solely f mrtratrves belng undertaken for the sector Namely: Localfl
grocess |;;0:ﬂpf) e)>\< as)[\)ropzcl)se CL ang:ze; oar;;to S0 e}\y c)CUA rea Networks (LAN) whrch are IPv6 complrant 2E
4 4 < s . Voo
y ) y ) y - yu publlshlng of tenders and development of software grants
responding to the concerns of industry. For positive change,

] for the sector, etc. (Government of Ingi2021).
the amendment exercise would need to address the most
fundamental challenges in implementation at the local
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Factor 4 Wiarket Dynamic® & K2 ga (KS A nuaerheits, Kird& emgirfo markets, reduce job creation

markets in driving innovation through demanding and generally discourage entrepreneurship. Hence, there is

customers and innovative customers, as well as distinctthe need for administrative simplification (OECD, 2009)

WNHzZ Sa 2F GKS 31 YSQ | NI A Oddith theSpRovisio i Bledad donsistenTakdSchiderdtibralags  dzii A 2 v
regulations. The TVE, amounting@ %6.89%, and the for dynamic markets to function well. Lotgrm planning is
NBfFiA2yaKALl 27F iKS @ NR andnip&@ant cowsderadign in tidsTproceBsS Y Yy RA y 3

(V)dzau%rSl:LEQz w[,l'_(,_ﬂ 2ATV AyyzQAduectexampJO%%suchabar”‘eﬁrc%nbe,geenlnkmecase 2¥A
O2YLISUAUAZ2YQ @gAUK NBXaLSOu 2 A Ny |- £

L# u a A % 'y 65S
A A o . of a startu at was |nvo ved In develop ent of a
assy 02 0SS WvdzSaitArzylofSQo NJ S I ay (t)
i . ) ) recombinan enzyme for green manufacturi of A I
described by rapid changes technologies, changes in
. - ; intermediates. The enzyme was origily developed
market structure, the instability of market demand, intense

) ) ) .. against conversion of Intermediate A to Intermediate B.
fluctuations in the supply of materials, and the probability Though the cost benefits were high, the unwillingness of

of market shocks (Nguyen & Harrison 2019; Jansen, Van
customers to implement the solution was a big challenge.
Den Bosch and Volberda 2006; Sirmon, Hitt and IreRiDd
- ) - ) Typically, Intermediate A was imported from China and
2007). Volatility and unpredictability characterises market . . .
) ) ] . later the Chinesestopped supplying Intermediate A and
dynamism (Miller and Friesen, 1983), therefore a high level . . . .
only Intermediate B was supplied to India. The failure was

of market dynamics restricts the ability to distinguish the . .
y ) y 9 . attributed to lack of early adopters and market dynamism.
market boundaries, develop clear successful business

models, and idenfy market participants such as In the case of certain products like protein hydrolysate or
competitors, customers, and suppliers and their respective valueadded products made from rice brathe consumer
needs (Eisenhardt and Martin, 2000). acceptance is very low. The idea of nutritional products
being made from waste was not well received. In DeepTech,
innovations like conversion of methane to protein using gas
fermentation may also face similar challenges in terms of
acceptane for human food. However, the innovator was

Consequently, this leads to external uncertainty thus
making it more difficult to predict future market situations,
plan and orgnise their resources, and respond with their
own .knowle.dge and related erocesees. Therefore, flrme areleveraging the protein for the animal feed market to
required to improve and modify their products and services

L . address, the challen e, N . A L
GAUK AYyy2@FGA2y O2yliAydzdzate (2 U OdzZAaUuU2YSNBQ YSSRao®
Less dynamic markets, in contrast tdgily dynamic  Factors 2, 3 and 4 are significant but collectively only
markets, present less frequent changes that market playersaccount for 19.77% of the TVE. Factor 1 ranks as the most

can usually anticipate or regular changes that occur important factor asit contributes close to 27.69% of the
periodically and are hence predictable. In less dynamic TVE and should be the main focus of systaiented

market environments, there is better clarity on market policies. Once again this expounds the importance of
boundaries, the maeet participants (e.g., firms, customers Industry 4.0 technologies as a driver for innovation

and suppliers) know each other well and customer demand particularly for the pharmaceutical sector.

is relatively stable. Hence, firms do not feel the need to
innovate or modify their products or business processes
(Eisenhardt and Martin, 2000; Schilke, 2014)

The overall implications for policy emerging from the

analysis of barriers to innovation is that resources should

be used on two levels. Firstly, at the level of the system

In light of the above, in order to promote innovation, a through more overarching interventions, and secondly at
REYIFIYAO YIN]SG Aa NIBI dzi NE R dhe idividualietar igvelanyorder goradd®@ss thginspegifizNI 3 S
market dynamism, innovation and competitiveness heeds. Each of these will be articulated in the

improve economic performance. The aim of regulatory 6 WS O2 YYSYRE A2y aé OKI LJG SN ! a
reform is to increase efficiency andfeftiveness and to  between stakeholders is required to orient which policies

have a better balance in delivering social and economiccan be most effectively used to address bensi and
L2fAOASE 2@0SNJ GAYSE o0h9/ 53zchalenges Poligas vaad theyr 2taygets shR@danog feS R 2 NJ
weakly applied regulatons can hamper businessdzy F GG+ Ayl ot S 2NJ w2dzi 2F NBI OKQ
responsiveness, divert resources away from productive addressed from a realistic perspective
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TABLE: Systemwide barriers to innovation

Barriers to innovation faced byll actors in the pharmaceutical sector (N = 481)

Factor Name of Factor Variables Factor loading / NB y 0 | Total .
Number Alpha Variance
Explained Chi Df ig
(TVE) squared

1 Industry 4.0 Cost of 14.0rechnologies 0.857
Lack of understanding of 14.0

. 0.852
technologies
Lack of 0 0.909 27.70%
ack of access to 14. 0.845
technologies
Lack of infrastructure for 14.0 0.813
2 Policy & Function  Lack of legaramework 0.82
Lack of clear national
. . 0.75
innovation strategy
Restrictive public / 0.758 9.97% 0834 | 4412811 231 0
. 0.678
governmental regulations
Lack of_ higher resolution 0.562
regulations
3 ICT ICT Capacity 0.849
0.846 8.41%
Rate ofaccess to ICT 0.844
4 Market Lack of Demanding Customers 0.812
Function Lack of Innovative Customers 0.7 0.696 6.89%
Lack of Competition 0.642

Cumulative Total Variance Explained 52.97%

The determinant of the R matrix should be greater than of techniques by which governmental autfittes wield
0.00001; if it is less than this value, look through the their power in attempting to ensure, support and effect (or
correlation matrix for variables that correlate very highly (R LINS @Sy G0 a2 OA L € OKIFy3S8é 6. 2 NNJI 2
> .8) and consider eliminating one of the variables (or more pg.1515). Unsurprisingly, the objectives of innovation
depending on the extentof the problem) before policy have to do with the different national traditions and
proceeding* forms of statemarketsociety relations, not to mention the
orientation of governmental ideology.

6.4 Success of PoIicy Instruments Generally speaking, there are three main categories of

policy instruments: i) Regulatory framewofks ii)
Having understood the barriers to innovation, both at the Economic and financial instruments (also referred to as
actor and system level, it is important to ascertain how marketbased instruments¥, and iii) Soft instruments (also
actors perceive various policies, and consequently, anknown as behavioural instruments.Phrased differently,
understanding & whether or not they are effectively G KSa$sS OFy 6S O2yaiRSNBR a aal
Ot AON}IGSR FyR O2yTFAIdNBR G2SNB2YKE @ KISK NI KAE SFRSIRT (0 KNG SN
needs. To begin with, it is important to understand what failure of national policies is reviewed grouping them as per

Lldzof AO L2t A0O& AyaldNHzSyida rthan@Baeménkodadl clabsifigationss RSTAYSR & al &

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

64 Sourced fromhttp://users.sussex.ac.uk/~andyf/factor.pdf

Bge¢KS FANRG G(GeLISs NBIdzZ F §2NBE AYy&AGNHzYSydas dza$ f S3t hdthistygefofinstumeddisitie S NB 3 dzf | @
willingness from the government to define the frameworks of the interactions taking place in society and in the economgllyNhere are many different

types, but common for them all is that these regulatory instruments (Jaules, directives, etc.) are obligatory in nature, meaning that actors are obliged to

act within some clearly defined boundaries of what is allowed and what is not allowed. Obligatory measures are typicippéeieats of sanctions in

cases of norcompliance. These sanctions can be very different in nature (fines and other economic sanctions, or temporary withdigta),adepending

on the content of the regulation and the definition of legal responsibility. Some authors believe that sargi®ttie most crucial property of regulatory

instruments (focusing on the imposition and hierarchical side of regulation). Others see the normative authority of govesastee most important

feature of these instruments (hence focusing on the normapuwsitive side of obligatory regulation). From the point of view of innovation policy, regulatory
AYaGNHzySyida NS 2F0Sy dzaSR FT2NJ GKS RSTFAYyAGAZY 2F YI NDS{pgre/ RAGAZ2Yyd T2N Ayy2
86 g9 02y 2 Yirafciallingtidments provide specific pecuniary incentives (or disincentives) and support specific social and econdiei Giverally

speaking, they can involve economic means in cash or kind, and they can be based on positive incentives ifeg)qmoragting, certain activities) or on
RAAAYOSyiAdSa O06RAEAO0O2dz2NI Ay 3IT NBAGNIAYyAy3as OSNIIFAY | OGAQGAGASAVE . 2NNI & FyR 9
“a{2F0 AyalNHzwSyida | NB OKINIOQEHKMIOSR 68 (KSKPF (02 deyi NHNIS yIEE YiXKgas sK2 | N
measures, sanctions or direct incentives or disincentives by the government or its public agestéesl, line soft instruments provide recommendations,

make normative appeals, or offer voluntary or contractual agreements. Examples of these instruments are campaigns, ondastpfeacommendations,

voluntary agreements and contractual relations, andlic and private partnerships. These instruments are very diverse, but generally based on persuasion,

on the mutual exchange of information among actors, and on less hierarchical forms of cooperation between the publiddhdith@l G S | OG 2 NBA ®¢ . 2 NNI &
Edquist, 2013. pg.1516.
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An alternative way tolassify innovation policy is in terms

regulation, public procurement, and stimulation of private
of supplyside measures and demassile measures (see demand (Edler and Georghiou, 2007).

figure 23). Supphgide policies are seen to create a supply Using this classification to order pglimstruments of the

push to innovate (Vo3 and Simons, 2014); whereas

& R S Y-kige Rinovation policies are defined as albpa

measures to induce innovations and/or speed up diffusion

of innovations throug

h increasing the demand for

innovations, defining new functional requirement for

LINE RdzO (i &

Iy R

aSNBAOSa

and Georghiou, 2007., pg. 953upplyside measures can

be further split into the g

fiscal measures, support for public research, support for
training and mobility, and grants for industrial R&D) and
and

services (information
networking measures).

presented in four main groupings: systemic policies,

rouping of finance (equity support,

and brokerage support
Demargide policies can be

FIGUREZ2 Policy taxonomy
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technology watcl
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Indian manufacturing sector, the following groupings
emerge: i) Supphgide finance policies includeresearch
grants, subsidised loans, governmdisicked venture
capital, donor funds; ii) Suppside services include ICT

kills deyelopment .initiatives;

emandgilje - measuresdzlfncll-uge:}\ éxﬂ breRaﬁs\,( Is atf‘::tl8

Demand side
measures

Services

Infrastructure]
hard/soft

Networking
measures

Systemic
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1 ICT Skills
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& standards to
set innovation
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9 Technology
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v
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Public .
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o

policies, government procurement, standards setting,
regulation and labour mobility (laws and incentives). The
system as a whole, as well as the views of eatlhe

individual actors will be reviewed to understand how
successful policy is through the aforementioned lens.

Support of

1 Demand subsidid

and tax
incentives;
Articulation of

Private demand
Awareness and
training Catalytic

procurement.
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6.4.1Industry

FIGURET® Success of policy instrumentsindustry

Industry - Policy Instruments Success

Explicit firm innovation policy supportill
Focused skills development initiative Sl
Spatial policies (science, technology parks, economic zoiEsjill
Set-up of business support organizatiorisiil
ICT accessillllll
Labour mobility (laws, incentives )l
Regulation 1l

Policy Instruments

Standards setting I
Government procurement Il
Donor funds 1l
Government backed venture capitall
Subsidised loans Il
Tax breaks Il
Research grants Il
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m Highly Successful m Successful = Neutral Not Successful

From the perspective of industry respondents (see FigureAN2 g G K 2F L¢ {a9a FyR dz&asS 2F L¢
24 above), suppki A RS ASNIBAOS:T yI Y2012:7). Thelpolicy outlite® $ha ae@d td idtervene and

deemed to be the most successful as reported by 67% ofd LINB Y2 i1 S dza S céndmiclséctord sich jaSe S
survey respondents, out of which 13% of respondents call Construction, Textiles, Pharmaceuticals, Banking, Finance,

Ad WL A3IKE e { dOOiSta a X izt @{ dz§ CRefpiTEIzErgy P Adtoyhobile® SHealthcare, Education,

20KSNJ KIyRZ om: 27F NBA&LRY RFvuliude, ENghedfingIs&ices, Weakshdit Zard A dgistidsA NI
AYYy20FiAz2y LRt AO& &dzZLlli2 NI Q TI2ANJ dryvada® @SR BoetTd AAYS yidkeA 3 yTR LN R
2F NBalLRyRSyita OK2&a$S (2 NBChtkay tothiS,diti isldinfpdtang ©AHigBlighe that&n my:z 2 F
NBaLR2yRSyida NBLRNI indicaes théd  @dcatzards ith Thel2B6bdl Inokatioa Index (GlI), while
need for policy instruments that target firm level innovation India has been ranked 46th out of 132 economies, the
and that focus on the firm as the prominent target group. O2 dzy i NEQa L/ ¢ | O00Saa NIylAy3
Moving on to the demand A RS Y SI &dzNB &z 11WiD20#S Ny Y S y[j
e s e S S s B 8
) U LaasSaayvySyid 2F (GKS é'l 08 2F LINE
industry respondents (53%) choose to remain neutral. This

might be because donors (multilateral organizations)

nmpod  ylLyStey &adNrGS3aIAo St
_ : _ LINE OdzNBYSyid LINRBOSaaQa 2LSyySaa
generally do not directly fund industry but work in close
partnership with intermediaries and the governmetd

framework in place, including subordinatkegislation,
support industry.

Y2RSt R20dzySyidasz FyR 3ISySNrt 02y
2021: p.1). There is a lack of a comprehensive central

¢CKS AYLERNIIFIYOS 2F L/ ¢ | OO0S degislation solfy @avarnying pubiR p@ceurerdekitSn ladml G A 2 y I €
t2t A08 2y LYF2NNIGA2Y ¢S OK yRatiertHBekurrant pablié procufementregifid @ipiiseshK (G & (1 K |
YySSR a2 -Bnhlpasthe&hipiwth/mlustry for:i. framework of oerlapping administrative rules and

Use of ICT in cuttingdge technology for improved regulations, sectespecific guidelines and statgpecific

efficiency and productivity; ii. Driving development of new legislation (BTG Legal, 2021). The Government of India

ICT technologies through strategic sectors; iii. Facilitateimplemented the General Financial Rules (GFR) as its core
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procurement framework in 1947 which was only upeth govern how the government buys goods and services from

in 2017. The absence of a central procurement regulation the private sector is one of the proposed solutions to public

enabling procuring authorities with scope to tweak procurement problems (Roy and Uday, 2020). Minister of
guidelines and contract format, leads to confusion on the Finance, Mr Arunjaitley, in his 20136 budget speech

one hand and rigidity on the other. Consequently, different I R@2 OF 1 SR G(KS alyY$S IyR &aidl G§SRx
agencies may even prescgilvarying qualification criteria, procurement can perhaps be contained by having a

financial terms, selection procedures, etc., for similar public procurement law and an institutional structure consistent

sector work. Further, the government has been making with the UNCITRAL model. | believe Parliament needs to

efforts to ensure transparency and fairness in the public take a view soon on whether we need a procurement law,
procurement system. In 2012, the Gol introdu¢kd Public | YR A ¥ a2 ¢KIFG &aKFLS Al akKzdzZ R
Procurement Bill. Introduction of a new legislation to present government is yet to introduce the bhill.

6.4.2 KnowledgeBased Institutions

FIGURE 2%uccess of policy instrumentKnowledgebasedinstitution
KBI- Policy Instrument Success

Explicit firm innovation policy suppor i .
Focused skills development initiative SEEEEEEEE
Spatial policies (science, technology parks, economic zo/iES) "
Set-up of business support organizationSEEEEN "
ICT access I ™"
Labour mobility (laws, incentives )y
Regulation .
Standards setting I —
Government procurement I
Donor funds I —
Government backed venture capita I
Subsidised loans I ——"
Tax breaks I
Research grants I —

Policy Instruments

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Highly Successful m Successful m Neutral Not Successful

From the view of knowledgbased institution respondents  most recent one being for the period of 5 years starting

(see Figure 25 above), it is evident that the majority of from 202021 to 202526. This scheme supports the

L2t A0& AyadNHzySyida ¢ SNB Nrainees to develop and undertake research projects Kor G K S
supplyd ARS TFAYylI yOS Ay ail NHzgiBg  addressing critical national and local health problems and

as the most successful. The figure shows that 58% of KBprovides financial assistance itwstitutions for upgradation
NBalLl2yRSyida NBLERNI Al W1 jof infrastructure to enable them to provide training witl:"
W{dzO0SaatdzZ Qb ¢KS adz00Saa stateof-the-art technologies. In October 2021, thd LIJ2f A O
instrument can be attributed to the funds received from the Department of Pharmaceuticals releasedxaft Policg to
government under its vasius schemes such asgtdHuman catalyse Research & Development and Innovation in the
Resource Development (HRD) Scheme for Health Researctphama- MedTech sector with the objective of exploring
launched by the Department of Health Research under the mechanisms to incentivise private sector investment in
Ministry of Health & Family Welfare. The scheme was first research and evaluating various funding mechanisms and
approved in 2013 and underwent three extensions with the fiscal incentives to support innovation. Finally, the
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58LI NIGYSyid 27F { OA SpfdltSciencg,R (WHO)Good Manufacturing Practices (GMP) standards so
Technology and Innovation Policy 2@20raft STIP 2020) as to enable them to participate and compete in global

also aims to encourage research and innovation in a criticalmarkets.

sector like pharmaceuticals by giving out prestigious
science fellowships to midareer senior level academics,

industry pesonnel and NGO scientists/technologists who
can undertake such challenges (Department of Science &
Technology, 2020).

The Golnitiatives with regards to skill development include
the édHuman Res