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MESSAGE

I am pleased to extend my warmest congratulations to the Department of Scienckeghdology (DST) and the
United Nations Industrial Development Organization (UNIDO) on the successful completion of the National Manufacturing
Innovation Survey (NMIS) 2022. The results of the survey provide significant insight into the state ofinka®af Ay LY RAl Q.
manufacturing sector. The Government of India has been steadfast in its commitment in promoting the competitiveness of
Indian manufacturing and increasing its contribution to the GDP. In the past decade, key policies and programmes have been
implemented to stimulate innovation, entrepreneurship and the adoption of new technologies. Additionally;skzalpe
incentive schemes have been introduced to foster growth and innovation in the manufacturing sector, positioning India as a
global manufaturing hub.

The findings of the NMIS 202P can add significant value to the Make in India programme objective, and, the
more recent Production Linked Incentive (PLI) scheme. These initiatives aim to enhance manufacturing in various sectors,
including el© G NBy A O&ax LIKIFNYIF OSdziAOFItfaz FyR ldzizY20Af Sax FyR KI @S§
recommendations will undoubtedly strengthen our efforts to address the challenges and opportunities in manufacturing
that require immediate attention.

I would once again like to applaud DST and UNIDO for their fruitful collaboration in bringing out NMIS reports
and offering recommendations for continued growth and success of the Indian manufacturing sector.
4/{’

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

Anusandhan Bhawan, 2, Rafi Marg South Block, New Dellg 11001!
New Delhi 110001 Tel. : 01323010191 Fax : 022301793:
Tel. : 01123316766, 23714230, North Block, New Dellg 110001
Fax. : 0123316745 Tel. : 01123092475 Fax : 032309271t
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FOREWORD

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

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

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

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

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

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

3%
____,_/_—“./
(S. Chandrasekhar)

Technology Bhavan, New Mehrauli Road, New Delhi0016
Tel: 0091 11 26511439/ 26510068 | Fax: 00 91 11 2686384mak dstsec@nic.in | website: www.dst.gov.in
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It is with great pleasure that | introduce the National Manufacturing Innovation Survey (NMIS)
2021-2022 report. Jointly conducted by the Department of Science and Technology (DST) of
the Ministry of Science and Technology of India and the United Natindastrial
Development Organization (UNIDO), this report aims at comprehensively assessing the state
of manufacturing innovation in India towards the achievement of the 2030 Agenda for
Sustainable Development, especially Goal 9, and beyond.

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

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

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

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

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

jj7k

Ciyong Zou
Deputy to the Director General and Managing Director,
Directorate of Technical Cooperation and Sustainable Industrial Development,
United Nations Industrial Development Organization (UNIDO)
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Dr. Akhilesh Gupt:i

PREFACE

The National Manufacturing Innovation Survey (NMIS) 2ZR1s a significant stepowards assessing manufacturing
innovation in India. The objective of the survey was to evaluate the performance of states, sectors, and firm sizes in terms
of innovation processes, outcomes, and barriers, as well as the innovation ecosystem that affeetsion outcomes. The

NMIS 202122 offers a comprehensive understanding of manufacturing innovation in India from all perspectives.

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

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

the variations in maufacturing across the states.

tKS 6! 44SagdY536E AW YRMNM A2Y AY LYRALY al ydzF| OdegiNanafydis NI L2 NI
of innovation activities, outcomes, and barriers in manufacturing firms. Additionally, the NMIS2202dvey produced five

reports studying the sectorial systems of innovation within manufacturing sectors, namely, Automotive, Pharmaceutical,
Textiles, Food & Beverages, and Information & Communication Technologies (ICT). These reports examine thewmllaborati
processes between innovation stakeholders and the innovation systems available to specific industrial sectors.

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

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

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

to manufacturing.

I would like to express my sincere appreciation to all those who contributed to the creation of this report, including the
UNIDO team and the technical advisory committee from B&Tsincerely hope that this report will be of great value as
valuable resource and reference note.

(Akhilesh Gupta)

Technology Bhawan, New Mehrauli Road, New Delbil0016
Phone: +9111-26862512 Email: akhilesh.g@nic.in, gakhii@®08@gmail.com, Website: www.dst.gov.in
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17



INDIAN FOOD & BEVERAGE SECTORIAL SYSTEM OF INNOVATION (IFBSSI)

LYRAFQ& FALANIGAZ2Y (2 0S02YS || 3Ft206lft S02y2YA0O LRWHSNK2dzaS:

gAft NBIJdZANSE NBAY@SYyldAy3a GKS O2dzy iNEQA YI ydzZFl OGdz2NAy3 | yR
that is sustained over the next few decades, India needs to strategically focus on building a robust industrial sector with a
next generation, intelligent manufacturing base. As domestic manufacturing companies need to become an integral part of
global supply chas India can leverage its strong Information Technology (IT) sector and drive supply chain efficiencies and
productivity growth through deploying it at scale. By harnessing these soft power advantages, a manufacturing revolution
can be triggered, allowinigdia to become a global manufacturing superpower.

Creating an industrial revolution of this scale would require the Indian government to formulate a comprehensive vision for
industrial development and execute it through the implementation of coherent efifieictive policy. The unprecedented
disruptions of societies and economies caused by the CO¥Ilgandemic have highlighted the need to take immediate
action. In recent years, the Government of India (Gol) has launched special initiatives like Produakganincentive (PLI)

A

40KSYSs (2 &4GNBY3IGKSY LYRAFQ&E AYRAEGNAIE OFLIOGAfAGASE FyR

nurturing global champions capable of producing for the world. The PLI scheme is a time bound initiativechwéh a
mandate of focusing on critical sectors such as food processing that can attract maximum investments and be scaled rapidly
to provide maximum returns in terms of higher productivity, employment and exports. Such schemes are also designed to
identify and support the adoption of the Fourth Industrial Revolution (4IR) technologies that are opening new avenues of
opportunity for advancing economic competitiveness, creating shared prosperity, safeguarding the environment, and
strengthening knowledge and stitutions. However, Niti Aayog has identified the lack of convergence in government
initiatives as one of the key challenges in the Indian food processing sectormimisterial coordination is required to
develop effective procurement linkages, footbpessing facilities, retail chains and export activities. This is also needed to
FLrOAtAGLFGS aeySNHASE 0SiG6SSy OFINR2dza AYAGAF GADBSE andlzOK | &
Gt NI RKEY al yiNR YAaly Mnisty tofl Fodd Pro@sing Industries AMokPK.SThe aim is for
interorganizational relationships to evolve gradually from coordination to collaboration to knowledge creation and
application.

With knowledge emerging as a critical resource, its better mamegge and flow among people, enterprises and institutions

is key to the innovative process. A System of Innovation (SI) represents the strength and quality of the systematically
organised interactions and linkages between the stakeholders of the ecosystamely government, knowledgeased
institutions, industry, intermediaries (institutions supporting technical change, industry associations and incubators), and
arbitrageurs (venture capital, angel investors, and financial institutions). The mapping aalisaison of the dynamics of

an innovation system are crucial to formulating evidedesed policy for the effective use of resources.

Consequently, the growth of the Indian food and beverages sector will not only depend on the utilisation of the 4IR
technologies and knowledge production, but also on the availability of sufficient policy and regulatory support for the sector.
Clear and targeted policy is needed to enable the effective allocation of resources. UNIDO acknowledges the importance of
evidencem optimally deploying policy instruments and targeting available resources (economic incentives and institutions)
so that the Indian automotive sector can achieve a competitive advantage and the development efunatehing SI will

aid this as a driwefor longterm sociceconomic development.

1]

¢tKS GLYRAIFY C22R 3 .S@OSNI3ISa {SOG2NRIt {2dadSY 2F Lyy20FiGA2
and opportunities arising from the innovation system. The analysis is based on datdNgRe | & LJ NI 2F GKS |

al ydzFF QG dzNRAYy 3 Lyy20FGA2Yy { dzRZIThe headdrdryeRtdhibiigh fhis sudvey lernlles the A y
provision of evidence to guide policy. Therefore, the IFBSSI Report is a source of policy insight for supp&@trgriment

of India to elaborate an evidendsased industrial policy that articulates the role of science, technology, and innovation
throughout the economy. Moreover, the policy analysis, implications arising from the analysis and the policy
recommendaions presented in the report offer a range of evide#ised policy choices to facilitate policy decisions related

H L

i2 GKS NRtS 2F &aSOG2NARIft a8adSYy FOG2NER Ay GKS ®RaNbnESN dabl GA 2,

the specialisedagencies of the United Nations systerto provide its member states with capacibyilding and policy
advisory services is manifest in this report.
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¢KS OKILIGISNAR Ay GKAa NBLRNI | NRBididgKpSlicyNiBalysisf ahdngdrigal réesbatcBdnQa & S NIJ.
the Indian food and beverages sector. It aims to enhance the understanding of the role of the core actors, their interactions

and perspectives, thus providing a solid basis for strategic planning, policy, and the management afctiolisyin order

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

CKAA NBLERNIX GAdlf SR (KS daLnfdRdgédynd € hey Bre ashieving @i dativa Batuct S G 2 NR | €
System of Innovation (IFBS&Measurement, Analysis, and business processes and subsequent economic value.

Policy wSO2YYSYyRI A2y até ddz2NBSea Ayyz2oliAazy YR _
innovativeness in the food and beverages sector in IndiaIt IS |mperiit|ve' that policymakers VV'eW tbev analy5|§, L

and maps the functioning of innovation and the associated AYLX AOFUAZYazX FPYR NBOZ2YYSYyREUAZ)

collaborative processes between innovation stakeholders, €60NOME performance in an emerging economy and in the
The survey and analysis were undertaken inittthe context of the COVHR9 pandemic, which hit all sectors
TN} YSs2N] 2F GKS ablarzyl ACOSTIGARRE OGdNAy3 Lyy2ordazy
Survey 2024 H ¢ 6 b a L {desigmed with ahd fdhded

) The analysis of the Gol policy documents; the mapping and
by the Department of Science and Technology, (Gol).

measurement of the IFBSSI in terms of analysing linkages
between (and withif actor groups, barriers to innovation;
and the success of policy instruments disclose the
¢ significant key policy analysis findings, the major
implications from the analysis, and the recommendations
that stem from them.

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

for the sector. In the specific case of the food and beverages sector, our

assessment is that the IFBSSI falls into the category of a
Triple Helix (TH) Type | transitioning to Triple Helix Type I,
as per the traditional framing of the TH model.-Tipe |

can be considered to bstatist, and the three spheres of the
actors are strongly institutionally defined, however, they

Although there are many significant challenges idféed,

the policy analysis, implications arising from the analyses,
and the policy recommendations to address these
implications provide an unprecedented menu of evidence
based development priorities and policy choices to address = ) ) ]
the challenges. The approa outlined in this report is work in isolation .Ieadlng .to the local technological
comprehensive and holistic for mapping and measuring the knowledge also being kept isolated. TH Type Il refers to

Indian Food and Beverages Sectorial System of Innovatiorﬂ“eoh"’lmsms of communication between the actdrattare

(IFBSSI). It provides an accurate visualisation of theStrongly influenced by the market and technological

connectivity between the core actors of the IFBSSI, theinnovations. In this case, the point of control is at the
significant barriers to innovation and innovativeness, and interfaces and consequently new codes of communication

the relative success of current policies in overcoming these'® developed. Within the TH Type II the role of the

barriers. After all, it is not the number of assets India has governmentAis prjmarily to lifUPaseASA?f market f?ilyre. It . L

when considering innovation and innovativeness, but © I'_ y 085 02yaARISNGRO _I'_ Y2RIM aBBIAY DS

rather how well and cberently they are connected and which actors are expected to act competitively rather than
cooperatively in their relations with each other.

:Mriple Helix types

GOVERNMENT GOVERNMENT GOVERNMENT

UNIVERSITY | - INDUSTRY

INDUSTRY | - UNIVERSITY INDUSTRY UNIVERSITY

THTYPE | THTYPE 1l THTYPE Il
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Consequently, there is the need to foster linkages ability to distinguish thanarket boundaries, develop clear
between crucial actors of the IFBSSI, particularly for the successful business models, and identify market
use and application of joint research, skills orientation participants such as competitors, customers, and suppliers

and development, and access to finance. and their respective needs. Consequently, this manifests as
Based on thisobservation, the inter and intra external uncertainty thus making it more difficult togalict
interactions that need attention are: future market situations, plan and organise their resources,

and respond with their own knowledge and related
processes. Within the Indian context, while India has
favourable supphside dynamics on the back of agriculture
base, the food and beverag sector faces challenges such
as rising food prices which is expected to impact demand if
not controlled. Product development and innovation focus
is lacking. However, changing consumer preferences are
expected to drive innovatian

Fostering more joint research between industry actors.

Promoting joint research between industry and the
knowledgebase.

Fostering of knowledge sharing between industry and
the knowledgebase through secondments with the
objective of aligning curricula in line with the
requirements of industry.

Closer relationships between industry and the . i
From the perspective2 ¥ WL Yy Rdza 0 NB nonQ

knowledgebase for the absorption of skilled human - s& g pEeEE N R
capital. " [ aa2O0AFU0SR GOFNAIFIoOoftSa NBY VY[
. . - 2F Lno i SOKy2f23A8S3aQx W/ 24
Closer linkages between industry and fical . nen < l,J ASVOV y ,,_t Sa p A/, ad
Y[ I O] 27 I OO0Saa a2 Lnon USOKY:?

institutions for the purposes of knowledge transfer and

. i AYFNI &G NHzZOGdzNBE F2N) LnodnQad L NS |
ultimately better access to finance. y b a U NHzOU dZNB J nen y B

adoption of 14.0n the Indian food and beverages sector are

multi- faceted. Firstly, The Internet of Things (IoT) which is

the technology for linking manufacturing and supply chain

is still relatively novel. It requires a level of collaboration
Strengthening linkages between knowledgased  4ng rust between diverse usinesses at the production,
institutions and arbitrageurs in order to facilitate processing, wholesale, and retail levels, some of which are
ideation to market. very traditional in their outlook and sharing that much

Secondly, the analysis highlights that relationships betweeninformation does not come naturally. This kind of

actors in the IFBSSI are imbalanced in that there is antransparency also requires improvements in Internet

unequal level of exchange between two actors, hindering security. Secondly, capital cost is a factor, particularly as

the flow of knowledge and information crucial to the many food and beverage companies function with

innovation process. This is mainly due to a suboptimal technology and equipment that was installed, with

dzy RSNEGFYRAY3 2F St OK | Ol 2ipkklicant daBithl Dutlag, MlKbkfdre theYioT Betdms @i A @S

system of innovation and the terms and conditions reality. Replacing it may not be an immediate gibdity.

unfavourable to meaningful participation. Consequently Thirdly, there is the aspect of a skilled workforce that is

Wal Nl Sd 58yl YAOa | yR { i NHzO¢agadddRrunihgyhBidzarisdided facitield = WL/ ¢ QI | y ¥

Wi dzYl y [/ Oighnizdtid® ISWFSNBAS | a GKS dzyRSNI @Ay 3 ) _
. . . - The first step towards successful 4IR implementation for
barriers to innovation within the IFBSSI

the Indian food and beverages sector is a clear
The market shows its importance in driving understanding of 14.0 technolags and articulation of the
@ innovation through demanding customers and value, goals and needs of 4IR technology among many
innovatdS Odza 2 YSNARX | & 6Sfimhs. a4 RAAGAYOG WNMA Sa 27
GKS 3JFYSQd ¢KS QFNAIofSa rééQQArﬂSR ééGKtﬁﬁAé 6PNNJ§NJPNS
WIEOl 2F Ayy2oliArgs Odadz VENAEBD 5@9%1“%?@?H§?wm?rﬁxzww
AYYy2 ol dr2y adNl G832Qs w[roﬁmg@wﬂﬁfWV§f%%ed?ﬁ%%?%ﬂﬁ%g Wit 61
of explicit policy support (governmef)z ~ W[ I O] 2 ?’“a%pmbaé‘? W(iaiu)r}alp?n _O gwl.e ek' ISCUSSIOT_ or
AYFNI 40NHOGdNBQ FyR  wo E0SaYLYLIFIENSUaPYANE Poleynzking. LN 5 51 oo
. . ., monitoring and impact evaluation. A periodic repeat of
Market dynamism and structure can be described by rapid ) ) )
. ) . systematic mapping and measurement of the IFBSSI in two
changes in technologies, changes in market structure, thet th is st v advised and help t i
instability of market demand, intense fluctuations in supply o three years 1s strongly advised and can help fo ascertain

. o the effects of policy cho@&s, implementation, resource
of materials, and the probability of market shocks, as well o policy ) .p ) ) .
. - . application, and hence innovation and innovativeness in
as the related infrastructure and institutions. Volatility and .
. . . . the Indian economy
unpredictability characterises market dynamism and
therefore a high level of market dynamics restricts the

Boosting joint research between knowledbased
institutions, being inclusive of T2 and T3 institutions;
and
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¢KS dabl GA 2yl fInnavatighdStived (NS} yrale and separately studied the impact of this ecosystem
2021-H H € A & -ug to the2Dedar®nint of Science and and its actors on innovations in specific sectors.
CSOKy2f2383aNBEE{ &bl dD2y0f Lyy2dF GA2y { dNBSe$

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

the innovations in Indian firms were in the form of

introducing new machines, or improvements to existing

products and processes (DST, 2014). The study found 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 captgci and reducing to measuring innovation performance at the level of
environmental impacts. Such firms were largely privately manufacturing firms, ah assessing innovation processes,
owned small companies and relied on domestic financial its barriers and support measures at the ecosystem level of
institutions. While these innovative firms struggled with industrial sectors. To this end, the survey was designed with
cost factor and availability of skilled manpower, more than two specific componentg the FirmLevel Survey and the
50% did no employ scientists or engineers but reported Sectorial System of Innovation (SSI) Survey.

that access to knowledge and information was a critical

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

insights regarding activities impacting innovations in a firm,

The decade that followed the 2011 National Innovation across a broad spectrum of product and business process

Survey saw the launch of key policy initiatives, especiallyinnovations and understand the various factors enabling

GKS aal 1S Ay yIRARELl & ¥ Ra {i KISNIarHes imitihg/moavgieniacgyities. On the other hand, the
KIENIG 'oKAGFYEX Yzzy3a 20KSNmBomveyRired (on meafiR the 2nnayalionsSsystem K S v

YR o0622ad GKS O2dzyiNEQa Yavgilable tcOspepifigniguastrial SO tniexaming i &

where innovation and entrepreneurship programmes were manufacturing firms accessed information, knowledge,

prioritised. The scope of indigenous innovations and technologies, practices, and human diréncial resources,

innovation eosystems thus received greater impetus in and what linkages connect the innovating firm to other

this period. In 2019 the DST followed up with the planning actors in the innovation system (laboratories, universities,

of the second nationwide innovation survey and partnered policy departments, regulators, competitors, suppliers, and

with the United Nations Industrial Development customers). Thus, with an overarching scope to strengthen,

Organization (UNIDO), with greater attention to A YLINE @S | yR RAGSNEATE LYRAL Q&

manufacturing and associated services spread across largeand evidencebased innovation policy, the NMIS 2622

medium, small and micro enterprises. It emphasised the Survey was launched in February 2021.

JIOverview of Firmlevel survey and SSI survey

The FirmLevel Survey assessed tfalowing: The SSI Survey assessed the following:
(Broad overview) (Broad overview)
Types of innovations in manufacturing firms - Innovation actors (firms and neiirm actors) for their network
Product innovation (density, distribution, directionality, symmetry of intrand inter

Business process innovations in (e.g., operat linkages of actors)

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

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

Impact of COVH29 pandemic
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With a stratified random sample representing micro,ain  achieving an ambitious doubliigit growth (NITI Aayog,
medium and large manufacturing companies, the Firm 2018). Further, the agency has also been assessing the
Level Survey targeted 10,139 firms across 58 manufacturing/ I G A2y Qa LINA2NRGASE FyR adGN) GS3
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 developent and commercialisation.
The SSI Survey tatgd the innovation systems of 5 key Since the 1990s, the Government of India has deployed
manufacturing sectors critical to the Indian economy, technology incubators as an important policy tool for S&T
prioritised by their gross valdadded (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 oed technology entrepreneurship parks, incubation systems,
and Beverages, Textiles and Apparel, Automotive, and technology business incubators to build close linkages
Pharmaceuticals, and, Information and Communication between universities, academia, R&D institutions and the
Technologies (ICT). A stratified random sample close toindustry, including MSMEs, and also to generate
7,851 firms and 1,000 nefirm actors were targeted under employmeng. These initiatives led tstrong technology
the SSI Survey across India. Theontes of the FiraLevel based entrepreneurship and startups in the country, and
Survey are separately reported, while this report features set motion to various policy frameworks and initiatives,
the SSI Survey objectives and findings. such that most incubation programmes in the country
today leverage support offered under various ministries,
who also have amanufacturing stake. The public sector
enterprise model for biotechnologyased 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 innowation process, a conducive environment that attracting investments and has impacted the pharma and
consists of an effective support infrastructure of actors is life-sciences landscape in the country. Similarly, for
critical. Connectivity between them that is fluid and strengthening IT and digital startup linkages with markets,
dynamic will be pivotal in aiding access to the requisite, the Ministry of Electronics and Information Technology
knowledge, skills, and resources. Henthe survey aimed  (MeitY) has been offering risk capital and foast loans.
to map the innovation capability of manufacturing firms to With their broader mandatethe Ministry of MSME and the
such actors and institutions of sectspecific 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 linkages to sectorspecific incubators, thus offering a stronger
to various ecosystem actors were studied to achieve a clearmarketaccess to entrepreneurs.
understanding of these relationships in empirical terms to
assess the flow of communications and information and
assets between knowleddgeased insitutions, research and
development agencies, industry bodies, government
agencies, financial institutions, startup incubators,
institutions supporting technical change, and arbitrageurs.

LYRAIQa (SOKyz2tz238 YR Ayy20L iGA:s
leap over the last decade when the Government of India

launched a series of higtowered initiatives to amplify and

catalyse the pace of innovation and entrepreneurship with
INBIFGSNI SYLIKEFara 2y GKS &0 NI dzLd
LYRAIFE YAaaazy ¢l & Lidzi Ay LXI OS
The survey particularly took cognisance of the innovation lengthy regulatory processes for startups and introduced

and mandacturing mandate of NITI Aayog, the apex policy tax incentives and highisk funding to startupg ¢ KS &a! G ¢
advisory body to the Gallin its strategic recommendation Ly y 2 @I (A 2y atiséctosspegfié atténduh tz3d K

FT2NJ AYLINRQGAYI LYRALFQa YI ydzhée QdiaagNBefidd fod iBrioviatbNand datrepranéishig b L ¢ 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 sectoda

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

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

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

4 The Startup Indi initiative (under DPIIT) was launched to improve the innovation ecosystem and handhold, fund and incentivise startapsoaed i
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@Sald LYyRAI ¢ LINE ghl YnsSion dow dargeis|2 nfafukadtiring Se2tors@atihastkey
investments in manufacturing, technologies, incentivising significance to the economy and the fanufacturing
innovations and other areas of trade and commércehe sectors identified for the SSI Survey have significant priority
increased access to risk capital in technologies in this periodn the Make in India mission.

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

LYRAIFQ&a F22R LINRPOSaaAy3d Aa 3Ift2ol
significant number of registered factories across the
country attributing to the diret 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 estalghed in various technology and higher processed food is less than 10% owing to critical
education institutes) across the country have impacted the impediments aapss supply chain infrastructure, production
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 journeys. Studies show that traditional the survey, the textiles and appdrgector, has a prominent
R&D institutions in the country, however, continue to manufacturing presence in many states and provides direct
LINAR2NRGAAS dofdzSmale NBaSIapdyment 2t@ Sidde dhiarL JUE nilion (i ged@plé medNk Sy G SR
NEaSI NDKeé FyR 2y G(KS 20 KS NbniibuRdose 20SSoNMIAIN ROR1AE fidi Indiani dzR A S &
have brought attention to the dhf £ Sy 3Sa FI O SeRtiledainrd apparB dusig was valued at US$ 152 billion
publicfunded labs in commercialising their research and accouted for a 4% share of the global textile 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
1SOKy2t23enolaSR LINR2SOGa taetghd toyink&ming 2aluedcBainsland @il badkvégda S =
owing to the longer gestation period before they yield linkages. For instance, more th&9% of the 50 million
returns. As Nandagopal et al., (2013) point out, Indian firms spindles and 842,000 rotors deployed by textile mills are
continue to be traditionally rislaverse, and are inclined to  found to be outdated or inefficief#.
_}\ yosau Ay _yz ymisSOKy2t238mo Ll'ﬁae%gﬁ Sgr\/seyoéjln?ecli\l% aléo}\g;thser Ie’g\‘r]%nglé f}Fofmzacto? FY LAY
infrastructure, entertainmety among others. The SSI . N .

o ] ) collaborations, institutional best practices, challenges,
Survey made crucial inclusion of the role of arbitrageurs, . . .

technology leapfrogag trajectories and other aspects of

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

) . ) . ) such as the automotive, pharmaceutical and ICT sectors.
Innovation procgss .|n _brlnglng internal and .external With a 20.1% contribution to the manufacturing GDP, the
knowledgeand highrisk investments that result in new . . . .

. . automotive sector is a top driver of macroeconomiowth
business models and new types of companies. and technological development in the country (UNIDO IAP,
2023). With robust performances, the ICT and
LK NYI OSdzi A OFf aSOdi2NAR I NB
pharmaceutical sector is the third largest in volume, driven
by export markets and thexpansion 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 contributionto the GD FNRY mMc ®dp> I vibfd8, dal 1S Ay
LYRAIFE¢ YA&ZaA2Y Aada I YI 22N LRfAOe AYyAGAIFGA@GS 1 dzyOKSR AY wHn

ety
A
w
=

5 The Atal Innovaiton Mission driven by NITI Aayog established numerous innoaati@ntrepreneurship centres in schools, universities, research
institutions, private and MSME sectorgips://www.aim.gov.in/overview.php

6 Invest Indiainvestment Promotion and Facilitation Agency | Invest India

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

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

9 Textile Industry in IndiaGarment & Apparels Market imdia: www.investindia.gov.in/sector/textilespparel

10 India should continue investing in modern, efficient spinning technology to remain glaatipetitive:https://www.indiantextilemagazine.in/india

shouldcontinueinvestingin-modernefficient-spinningtechnologyto-remain-globallycompetitive/

11 India has become pharmacy of the wordtps://www.moneycontrol.com/news/india/indiarecognisedaspharmacyof-the-world-fm-9759651.html
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The SSI Survey has attempted to capture the dynamics of
communication, stocks and flows of knowledge and
organization by introducing the notion of an intersection of
exchange relations that feed back into institutional
arrangements. The aim has be¢o understand how co
The Make in Indiambitions were further boostedh 2026 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 particularly important
growth sector#? Invariably, the domestienanufacturing  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 movement of findings shall be used fatevising policies, programmes,

goods and servicesne impact manufacturing and business and partnerships to strengthen innovation outcomes and
operations at larg&. Besides technological leapfrogging, penefits.

world-class innovation capabilities, skills and investments, ™ ) g DO Facility f
(KS D2OBSNYYSYd 2F LyRAlQa "egPoEd \gsssupRoted by Jie,NIBR Fagiity (fgr o
. . - International Cooperation for Inclusive & Sustainable
investment environment has been critical. Theintry saw

FDI inflow catch great momentum between 2622 and by Industrial Developmeht (FitSD), a joint |n|t|aF|ve OT t.he
. . . 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.nt. Five

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

) . India SME Forum (ISF), the Federation of Telangana
benefit nonmanufacturing sectors such as software

businesses. Nevertheless, the hardware, phabitiech 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), and the PHD Chamber of Commerce and
capabilities, attract strong foreign direct investme(fD) . ;
. . . . - . Industry (PHDCCI) were key partners in eadbection
inflow, egpecially with their digital capabilities in L ONBAA LVEAL QX “hF 055 I VR
manufacturing and product offeringfs The global shifts in | Z i q y lecti ? HIyM azuozzu a y
advanced digital manufacturing with selbrrecting completed the data collection in early May '
intelligence has been a game changer since the pandemic
and has reflected in investment interestswvasl|.

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/2019/05/2048-surveyfinal-web.pdf
15 FDI in India 202https://www.makeinindia.com/policy/foreigrdirectinvestment
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CKSZNBUAOFt CNIFYSg2ZN

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

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

2017;Shekar, K. C., &geph, K. J., 2022

Innovation systems are framed at different scales, including The Organizationand development of innovation have
national, sectoral and local/regional (Chaminade, 2018). gained much attention from different perspectives. The
The framing of an innovation system involves different traditional notion of innovation as an end provides a
types of network and interactions depending on the driving narrow view of innovation and the potential it has on
interest, practices, behaviours and the working societal development in differentishensions. Whereas the
environment in general. The considerations for building consideration of innovation as a process that engages a
these networks may vary depending on the context and chain of activities that can lead to different types of
scale of the operations/activities happening among the innovations that then have diverse so@geonomic impacts
actors. These networks will evolve based on bedaviour is more prevalent today. An innovation system considers
and routine among the actors and their organizational innovaion as a process and considers how the actors
context (Hall, Mytelka, and Oyeyinka 1997; Jacob 2016).nteract among themselves to undertake innovation
However, knowledge and learning remain the central activities. They consider the inputs to innovations and the
points to the networks (Moschitz et al.,, 2015). The channels leading to the expected outputs. This does not
establishment of such networksoif building a system mean the use of the linear model of inpatitput that has
involves breaking barriers and reconstructing channels for been used for some time as a way of linking science to
knowledge flow. This is done by setting interactive innovation. Rather, it considers the complexity of the
processes, sharing best practices and learning from priorprocesses and the interactions among actors involving
experience, while overcoming failures and filling gaps. Thelearning activities and the use and transfer of knowledge
form and the performance of learning approaches may vary (Etzkowitz and Leydelorff, 2000). The available literature
from one sector to another, depending on different on innovation capabilities in the Indian industrial sector is
patterns such as the roles, habits, mode of operation, mostly based on STI indicators that focus more on R&D
competencies, demand, among others (Mytelka and Smith, activities and the creation of access to codified knowledge
2002). This suggests a systemic way of disfaing a  (Basant, 1997; Basant and Fikkert; 198@&rtak, 1985;
framework that allows interactions among the different Kumar and Siddharthan, 201Shekar, K. C., & Palily, G.,
groups and contributes to the use of knowledge for the 2019. For instance, Basant and Fikkert, (1996) examines
collective/mutual interest of the actors. the effects of domestic and foreign technology purchases
as well as R&D activities in enhancing the productivity of
firms in Irdia. The study shows that between 1978 and
1981-82, domestic and international R&D spillovers and

Since innovation is a collective action that involves a
multitude of actors who c@perate and compete in
networks and who are stimulated and constrained by
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foreign technology purchases are highly statistically Freeman, 1987; Edquist, 1997; Lundvall, 2007; Nelson,
significant as compared to own R&D expenditures. Evenl1993), Regional Innovation System (RIS) (Saxenian 1994;
though technological strategies greatly cobtrie to the Cooke & Uranga, 1997), Sectoralt8ysof Innovation (SSI)
productivity growth of Indian enterprises it is not directly (Malerba, 2002; Breschi and Malerba, 1997) and
reflected in export performance, which is also considered technological systems (e.g., Carlsson and Stankiewicz,
as an important indicator of a firm becoming more 1991), also known as a technological innovation system
innovative (Lall and Kumar, 1981). It is highly evident in high(Bergek et al., 2008; Hekkert et al., 2007). The NIS as the
technologysectors rather than medium and low technology common analytial framework for innovation to economic
sectors (Kumar and Siddharthan, 1994). A sesparcific growth. This considers a country as a unit of analysis. It
study conducted by Bhaduri and Ray (2004) examines theprovides the macro indicators in regard to interactions
technological capability of exporting firms in the electrical among actors, organization structures, institutions and
and electronic equipment industry.irfs in this industry  learning processes as well as the facilitatidt considers
mainly depend on knovinow rather than knowwhy interactions among actors as key for innovations. Actors
capabilities. In addition to these approaches, innovation Ol 'y 68 TFTANNAQ 2NBANYARQI @ANBFa Al yR
systems research focuses on interactive learning, (universities, R&D organizations) (Chaminade et al., 2018;
interdependence and ncftinearity wherein institutions  Shekar, K. C., & Paily, G., 2019he categories of
play the central role @keph, K. J, 2008hekar, K. C., & organizationsmay generally be grouped as knowledge
Joseph, K. J., 20RZT'he innovation system perspective has producers and knowledge users. Whereas the system is
become a widely used analytical tool for academic based on these categories and the interactions among
research, policy formulation and implementation which them, institutions are very important in the innovation
aim at effective relationships among the agents and systems. In this context, institutions are considerea agt
increase the innovation efficiency (Dosi et al., 2006). of routines, behaviour, regulatory tools, and policies
Therefore, the innovation system, which has by now (Edquist, 2005; Freeman, 1995). The set of organizations,
emerged as the most popular approach in innovation institutions, knowledge, interactions, and learning make up
studies, involves a more holistic framework to study the an innovation system and this system can be analysed at a
inter-related character of innovation processas it focuses lower level as a extorial innovation system. Types of
on the interdependencies among the various agents, activities, actors, and products; and how these are
organizations and institutions while underlining the need interconnected determines the sector.

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

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

innovation systems ardefined by the knowledge base that

Sirce the late 1980s, innovation system concepts have beensupports a particular sector or technology (Carlsson, 2016).
developed and presented primarily by innovation In the sectoral system of innovation, innovative activities
researchers as a response to the shortcomings ofwithin a particular sector, a set of new and established
neoclassical attempts to explain innovation and products and the set of agents involved time creation,
technological progress (Edquist, 1997). According toproduction and sale of those products are examined. SSI
CINR&ai2LIKSNI CNBSYIys aXxXae asupasses 8pécific A yofiblddical A ang  géodtZpbhical
networks of institutions, public or private, whose activities boundaries, with sectors being positioned sometimes in

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

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

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

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

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

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

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

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

The notion ofsectorial system draws from evolutionary
theory, the innovation system approach and the analysis of
the dynamics and transformation of industries. According
to the SSI approach, a sector is seen as a set of activities
which are associated with broad produgroups, are
addressed to an existing 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 ath nonrmarket interactions for the
ONBI GA2ysS LINBRdZOGAZ2YS | yR
focuses then on the sector rather than on any geography. A
sectorial systems framework focuses on three main
dimensions (for a broader discussion see Malerba, 2004
and Malerba and Adams, 2019) that are typically
distinguished as: a) knowledge and technological domains;
b) actors and networks; and c) institutions (Malerba and
Adams, 2019).

30

Knowledge and technological domaingA sector is
characterised by aspecific knowledge base and
technologies. Knowledge plays a central role in the

sectorial systems approach. Knowledge is highly

idiosyncratic at the firm level, does not diffuse
automatically and freely among firms (Nelson and
Winter, 1982), and must be abrbed by firms through
the capabilities which they have accumulated over
time (Cohen and Levinthal, 1990). Knowledge
especially technological knowledgmvolves varying
degrees of specificity, tacitness, complexity,
complementarity, and independence (iter 1987

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

From a dynamic perspective, it is essential to

FYR YFAYUGlF AYAY 3 undekstnd chMizkriowledg Fandi fedhnolddy Yafeé

created, how they are distributed and exchanged

between firms, and how such processes can redefine

industry boundaries.

Institutions. The cognitive frameworks, actions and
interactions of agents are influenced by institutions,
which include norms, common habits, established

practices, rules, laws, and standards. Institutions may

be binding and more or ledermal (such as patent
laws or specific regulations versus traditions and
conventions). Many institutions have national
dimensions (such as patent laws or regulations
concerning the environment), while others are specific
to sectors (such as standards) anwhy cut across
national boundaries (such as international
conventions, or established practices).

Actors and networks A sector is composed of
heterogeneous agents that include firms (e.g.,
innovating and producing firms, suppliers and users),
nonfirm organizations (e.g., universities, financial
organizations, industry associations) and individuals
(e.g., consumers, entrepreneurs, professionals and
scientists). These heterogeneous agents are
characterised by specific learning processes,
competencies, bedifs, objectives and behaviour. They
interact through processes of communication,
exchange, competition, control, and cooperation.

5 IVeyarielypheigrgr e genpiRlignang §Xrhands,
of knowledge relevant to innovation and its
commercialisation. Actors are individuals and/or
2NBFYATFGAZYa GKI
communication, exchange, cooperation, competition,
and governance, and Jaus institutions shape their
interactions (norms, common habits, established
LIN} OGAOSaz NMz Sax flgasz
2002). Under this framework, many actors generate,
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process that involves systematic interactions among a
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and exchange knowledge related to innovation and its clean and renewable energy and by demand conditions
commercialisation. Thesectorial innovation system (Lema et al., 2020).
undergoes changes and transformations through a co

- ) ] The existing literature (e.g., Bhagavan, 39Besai, 1985;
evolution of its various elements (Nevzorova, 2021).

t N} YSA6F NI YS wnnn0 2y LYRAI QA&
There are several limitations of the SSI approach. Firstlywith Science, Technology and Innovation (STI) aspects of
interactions between various agents in the SSI are shapednnovation strategies such as research and development
by irstitutions at both sectoral and national levels. activities and creating access to explicit codified knowledge,
Therefore, delineating between national and sectoral and techncal efficiency, etc. The innovation system
boundaries is not easy. Furthermore, distinguishing the combining a strong version of the STI mode with a Doing,
characteristics of these institutions (norms, routines, Using and Interacting (DUI) mode can provide a better
common habits, established practices, mile laws, picture of innovative behavior of the firms (Jenson et al.,
standards) at both levels is a challenge. Second, SSls ar2007;Shekar, K. C., & Joseph, K. J.2p02
also influenced by institutions at a global level. In some
cases, the relevant geographical boundaries are global as
well as sectoral and in such cases it is not easy to distinguish ) N .
) y ] g As previously highlighted, the basic conceptual
the boundary between them. Thirdly, the relationship . ) . .
i o underpinnings of the Sl approach are, first, that innovation
between national institutions and sectoral systems could . . . L
) ) o i does not take place in isolation and interaction is central to
differ. That is, the same institution may play different roles

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

) o ) . economc behavior and performance (Smith, 1996); and
sectoral system differently in diffent countries. Finally,

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

produce feedback from the selection process to variation
complex to compare them to each other (Baskaran, and .
) creation (Hauknes and Nordgren,9%).
Muchie, 2019).

Y|

. . . In all these basic elements, systemic imperfections can
No withstanding this, each of these components of a

. . L . occur if the combination of mechanisms is not functioning
sectorial system has its own characteristics and its own set . . . . .
g ) . ) efficiently. This can translate into various types of system
of dynamics which are important to disentangle to

. . failure:
understand how innovation takes place. But each of these

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

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

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

The sectoriaystems framework has also been adopted to
SEFYAYS [ Kidgd oaay OF G@KMRYSGD &
(Lema et al., 2020), such as solar photovoltaics (Binz et al.,
2020), wind energy (Dai et al., 2020), biomass (Hansen &
Hansen, 2020), and hydro ener@@hou et al., 2020). In
these sectors, the windows of opportunity for latecomers
are primarily driven by institutional changes that favour

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

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

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

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

2 T)en%r?d“@t%d(atioﬁ SEQLHGE lﬂﬁﬁled by improper

anticipation and learning about user needs, shaping
innovation based on user needs, lack of instruments for
supporting useded and open innovation, novel
innovations/solutions not finding enough space in
public procurement.
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Policy coordination failure, due to a lack of miitvel :Triple Helix Model extension
policy  coordination, horizontal and vertical

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

GOVERNMENT

WShbSEAGAGE FLEAEdNBZ | & |
the system to monitor, anticipate and involve actors in
processes of selfovernance (Woolthuis, et.a2005).

INTERMEDIARIES

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

ARBITRAGEURS
+ FINANCE

want to use the framework, they will have to address ,
groups of actors to make changes in the innovation system o
possible. Consequentias opposed to the market failure i

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

By using the systems framework as a tool for analysis, policy
makers can identify: (1) where systemic failuresw¢and

(2) which actors should be addressed to make change
possible. Most problems in the innovation system will not
be unidimensional but will consist of a complex mixture of

Etzkowitz (2002) states that interaction channels are
necessary when firms and government are related with
universities in knowledgbased economies. From a
causes aneffects andinvolve several actors. By using the business perspective, the most @portant channgls of

transfer of knowledge are open science, property rights,

framework, priorties can be given to the most stringent ) k

obstacles for innovation and thus also serve as a guidelinehurnan resources, projects of cqllaboratlve research and

to implement innovation policy. development (R&D) angl networking among actors (Cohen
et al., 2002; Hanel & SRierre, 2006; Arza, 2010; Bekkers &

Freitas, 2008; Ruiz, Corraland 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 processs, including a) What the key actors are
and b) What the mechanisms of interactions are (Cai and
Amaral, 2021)Traditionally, the literature on the Triple
Helix Model has focused on the relationships between
universities and knowledgbased institutionsKBls), firms,
governments, and hybrid organizations at the intersection
This interaction between government, universities and of these three helices (Etzkowitz and Leydesdorff, 1995;
firms is addresseth the Triple Helix Model proposed by | eydesdorff, 2001). Etzkowitz and Leydesdorff developed
Etzkowitz and Leydesdorff (1997). This model is athe Triple Helix Model to explain the dynamic interactions
descriptive construct of the components, interaction petween acaémia, industry, and government that foster
channels and functions or benefits of an effective NIS entrepreneurship, innovation, and economic growth in a
(Ranga and Etzkowitz, 2013; Santana, 2016). knowledgebased economy (Etzkowitz & Leydesdorff,
2000).

Besides the systems approach, there are other tools that
have the potential to offer similgfacilitation for innovation

at the sectorial level. The Triple Helix Model is advocated to
be a powerful tool for linking universities to the rest. This
can also be seen as a tool for operationalising the IS
concept. However, this might require setting approper
framework at a low scale to set the foundation for the
running of the system, which is expected to be inclusive and
socially embedded in the context of developing countries.
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According to the literature, the scope and intensity of the The transformation of universities is of particular relevance.
interactions betwea the three actors are reflected in After having incorporated research as an additional mission
varying institutional arrangements, referred to as Triple beyond teacing, universities recognise their role in the

Helix Type I, 1l, and 1l (AMpe I, 1l and Ill) (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 thre helices are strongly defined, fentrepregetun:I thasks; Su?h as :;arketlrit@owledge,
GAGK NBEFGAGSEe 68F1 AyasRdeBahespaogy rapsfels and the,creatgnplsgily » s s ik 8
. . . and startups, "as a result” of both internal and external
nation state encompasses academia and industry and. f Et itz 2017: Etz i Levd
RANBOGE G(KS NBCIGA2ya oSGQ)eE f‘k‘ u?tl%"é"tﬁ%'él z%o@fouﬁ‘;ﬁ'ﬁ %“E'tu gy eSF"{f:ra
Leydesdorff, 2000: p. 111). New knowledge is produced . zkowltz e a ] ): ese. en rep_renfeurla
. . - activities are asgmed with regional and national objectives
only within universities and research centres. Hence; TH

. . . . in mind, as well as financial improvements to the university
Type | is largely viewed as a failed development model with . .
y2i Syzdak NB2Y F2NJ woz a0 BRyly EEopiz, gt gly 509Y 5N dgindsSRig
GAYy2@EGAzy sFa RAzO2dN: 3 SBEIPSCRAENY BF &Py onerS '5°aNsctedsn%
(Etzkowitz and Leydesdorff, 2000, pg.112). Tihieve isolated from society, but interact clely’with industry and

a0l GAaG NBT2NY a0KS Fanma 95BN Figkpwits and Laydegdorf, 5000, Féy%zﬁ‘ 2% {2
. - . Pt X Hpapnnod LY FTRRAUAZY U2 UKS
down control and the creation of civil society where one is demic di ) haring K I .
EFOLAY3IE 69011264013 nnno 209G dimension sharipgknowicige,among each gihery o 4 5
'y R UNF AYAYy3 SYLJX 2eSSa I G SUSN

minimal direct connection to the needs of society, which in
turn discourges the introduction and diffusion of
innovations in the economy (Martin and Etzkowitz, 2000).

(Leydesdorffand Etzkowitz, 1998, pg.98), as well as

increasing collaboration with knowleddmsed institutions

(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 | J} NI A Odzf | N¥ & | &4 (K S &tionrahddt || & NB LI
focus on fixing market failures. The eshanisms of how the socially organised production of scientific
communication between the actors are strongly influenced { y2 6f SR3IS Aa AYUGSNFIFOSR 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 malag up university income (Hall, 2004);

and consequerly, new codes of communication 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 influenoa it A Ay T2 N)YSMR behwednRrSestments in industrial

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

2000; Ranga and Etzkowitz, 2013). AYGSNBSyGAazya G GKS &dNHzOG dzNT €
THE & LIS LL oy vy o s Hp &(ELE as N,:QRHﬁrgst digﬁeptlx,g%r%@ashiﬁ in the traditional [ole of o o
AYGSNI OGA2y aAy sKAOK LIS PURYEOM hqfRell Faleh 39V %Tk 0 f 224 Q FOASYOS
competitively rather than cooperatively in their relatis FdyouizyQe Ly I ydiaksttz 0KS ¢NJ
GAGK SKOK 20KSNE 69G1 126 0SSP PAYCE UnVGies ndustep and Jovemmentr, iz 5 8
andcompare T & L83 L FyR LLZ aad OfFfR gnd ihsrdquadgriesbecome o pemeqble. A

the coordinating role of government while laissiaire complex network of organizationtiés develops individuals

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

prime mover of econdA O YR &2O0Al r]‘?%‘ié‘ix%“*:‘,’f@zhﬁ?’i%zyzﬁ%z)' Actors evolve and' assume
(Etzkowitz, 2008, pg.13) SIOK 20KSNXa NRfSaX gAUK ySg Keo

at the interfaces, for example incubators, accelerators,
Furthermore, in TH'ype IlI, the three actors assume each gsjence parks, technology 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 conlpx network of  Ranga and Etzkowitz, 2013).
organizational 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 theext NI yal OliAz2y LINRofSY&asgd o6[A YR 1l
of developing economies. Case studies document howsaid that a combination of both formal institutions and

innovation and learning processes differ in developing (informal) cultural values can 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 ((@ang et al., 2017).  internal and external intermediation (financial, knowledge,

In this regard, it has been noted that while the components transacting and investmentand as such, complement 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
economies (Dzisah and Etzkowitz, 2008). Generally, &rord
to address such challenges effectively, through tailored and
targeted policy interventions, there is the clear need for
system level measurement.

Intermediaries are recognised as actors that place
themselves in the middle of relationships between other
actors, or actors that facilitate the process of interacting in
exchange relationshipsFour roles of intermediaries
include: (a) consultant, providing information and advice in
the recognition, acquisition and utilisation of the relevant
intellectual property and technological capabilities; (b)
broker, brokering a transaction between two anore
eparties; (c) mediator, acting as an independent third party
who assists two organizations achieve a mutually beneficial

. . . collaboration and (d) resource provider, acting as an agent
ways and is referred to as Triple Helix {Type 1V) Type () . P g . 9
who secures access to funding and other material support

V1617 The THType IV has the additional features of . . ]
for the innowtion outcomes of such collaborations

arbitrageurs (banks, financial institutions, venture capital . .
. . . - (Chunhavuthiyanon & Intarakumnerd, 2014; Chappin et al.,
and angel investors) and inteediary organizations 2008)

(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, andustainable
systemoriented networks. 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 actorsg a@n

boundary spanning role at the operational level by

LINE JARAY 3 aSNWBAOSa GKIFG FLEOAtAGE

Our framework for analysis of the ITASSI is grounded in th
literature, but it extends the traditional model in two main

Arbitrageurs can be defined as venture capitalists, angel
investors/ networls and knowledge brokers. They are
essential for the innovation process as it requires internal
and external knowledge for the development of new ideas,
business models and types of companies. As such
knowledge brokers and venture capitalists fulfil this
requirement through the provision of links, knowledge
sources and even technical knowledge so that firms 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 thisactor group, institutions supporting
innovation processes (Zook, 2Q03Baygan and technical change (ISTC) promote knowledge generation,
Freudenberg, 2000). Their resource allocation role is basedechnology = development and commercialisation;
on the assessment of advantages in information facilitators like industry associations establish and reinforce
asymmetries (Williamson, 1969, 1971, 1973) (Bartels, et al.the links between system actors through networking;
2012, pg.7). However, information asymmetry and enablers such as industrial parks and incubators support
uncertainty can lead to tga I OG A 2y LINR o f Swith idfrastructarelzifambldor® &onditions, capabilities and
seeking to encourage the emergence and growth of related resources and funders (Letaba, 2019).
entrepreneurial firms need to devise ways that reduce

16 | eydesdorff claims no eante or necessary limitation to three helices for thepianation of complex developments, but instead propose that anple or

an alphabet of (20+) helices can be envisioned. However, in scholarly discourse and for methodological reasons, ongerextevidhmodels step by step

and as needed to gain explatory power. (Leydesdorff, 2012).

17 Civil society comprising the activities of nestate organizations, institutions, and movementsas in recent years emerged as the major force for change

in the realms of politics, public policy, and society bgltbbally and locally. It is also recognized as an actor in the in the quadruple helix (Roman et al., 2020).
Yet, despite the crucial importance of this political phenomenon to the principle and practice of democracy, it eludéerdafidi systematic utherstanding
(Anheier 2004). The benefits of incorporating civil society within systems measurement, and hence policy craft incligeovjtton of bottoraup insights,
particularly as civil society represents demaside perspectives, such as innovatiesers and consumers; ii) supports the creation of social innovations, and
legitimation and justification for innovations; iii) promotes commitment to and ownership of a development agenda. Hovesyéite the aforementioned
benefits civil society commes a heterogeneous group of actors who must themselves be approached differently and therefor measurement is a challenge. It
would be important to note that participation of civil society should be included for the policy selection and implemeptateess.
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Table 2 below shows core actors, arbitrageurs and generation
intermediary organizatios by the function they perform in

INDIAN FOOD & BEVERAGE SECTORIAL SYSTEM OF INNOVA

and transfer; technology development,

acquisition, and transfer; product development; testing

the Indian food and beverages sector. These functions sparservce; commercialisation; and business development.
across the innovation value chain, namely: knowledge

“Examples of core actor, arbitrageur and intermediary organizations by function

Function

Technology

Development

Technology Transfer

Technology
Acquisition

R&D

Knowledge Transfer

IP Protection

Infrastructure
Development

=a =4 -8 -4

= =4 —a

Knowledge based

institutions

CFTRI

NIFTEM

CSIR Labs

Agricultural Universities
(most relevant names?)
Various starups who
are actuallydeveloping
the tech.

WALMI

ICRISAT

Science Park
Universityenterprise
joint research centre
Universityowned
enterprise centre

National Agriculture &
Food Analysis &
Research Institute
(NAFARI), Pune
ICRISAT

WALMI

Central Rice Research
Institute

Indian Institute ofSpice
Research

National Research
Centre on Meat

National Agriculture &
Food Analysis &
Research Institute
(NAFARI), Pune
National Research
Centre for Grapes
Central Rice Research
Institute

Indian Institute of Spice
Research

National Research
Centre onMeat

CFTRI
NIFTEM

FCI
Food Parks

= =4 =4 —a —a —a A

= ==

= = —a —

= = =

Government

Ministry of Food
Processing

Ministry of Animal
Husbandry

Ministry of Agriculture
FSSAI

APEDA

DST

BIRAC

Ministry of Fertilizer
Ministry of Fisheries

Ministry of Food
Processing

Ministry of Agriculture
DST

BIRAC

FCI

Ministry of Food
Processing

Ministry of Health and
Family Welfare
BIRAC

DST

FICSI

NIN

Ministry of Food
Processing
State Food Departments

Patent offices

WIPO

Controller General of
Patents, Designs &
Trademarks

Ministry of Food
Processing

Ministry of Health and
Family Welfare

State Departments

Arbitrageurs
(VCs, Angel Investors,
NBFCs)

Intermediaries

{ Tea Board
{ Coffee Board
1 Indian Packaging

institution FCI

TIFAC
FCI

All India Food
Processors Association
Indian Chambers of
Food and Agriculture
Agricultural Economics
Researchssociation
(India)

FICCI

All India Food
Processors Association
Federation of Indian
ExportOrganizatios
The Indian Salt
Manufacturers'
Association

1 APEDA
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Product Development  § CFTRI 1 National research &
T NIFTEM development corporation
1 Ministry of Health and
Family Welfare
Human Capital M CFTRI T - 1 -
Development 1 NIFTEM
1 StateLevel Universities
Business Development { Science Park 1 National engineering 1 Incubator
1 Incubator (examples?) research centre 9 Industrial parks
T Industrial Park 1 Incubator(examples?) (example)
(examples?) 1 Industrial Park bl
(example?) T
Funding T _Ur_1iversityenterprise T Ministry_of Food T -
joint research centre Processing
Fund raising T - T - T -
Agenda setting 1 Ministry of Food 1 Ministry of Food 1 All India Food
Processing Processing Processors Association
1 Federation of Indian
ExportOrganization
1 FICCI
Testing & certification ~  Universityenterprise 1 Standardisation Testing  BRC
services joint research centre and Quiality Certification | USFDA
(example?) Directorate { Halal Certification
T Universities (NIFTEM) 1 BRC Global Standard 9 FOSTAC Training
i FICCI Lab Certification partners
T INFOLNET 1 1SO 1 GFSP
1 BIS I ITGFSAN
1 QCI 1 EIAPTH
1 APEDA
i1 EIC
1 NABL
i FSSAI

Source: Letaba, Petrus (2019)

Compared to the Triple Helix Type Ill, our augmented Today, ICTs are at the centre of what many believe to be
version of the model also gives prominence to the fourth the Fourthindustrial Revolution (4IR) (World Bank, 2016).
industrial revolution (4IR) and digital transformation Each of the actors in the Triple Helix Type IV has a specific
through ICTs. Through the spread of digital information and role to play in the context of the 4IR. Using analytics and
ICT, a newechnological wave and a new corresponding data, the 4IR allows firms to identify new opportunities,
mode of development has emerged (Perez, 1983; Freemanexpand their businesses ardp into new markets. 4IR
and Louga, 2001; Mowery, 2009). Innovation activities technologies enable firms to increase their productivity,
shape and use ICTs with lagged but often large effects orprovide better customer experience, and optimise
productivity and innovation in both developedne

developing economies (Paunov and Rollo, 2016; Hjort and . .
) Universities have a great role to play to make the 4IR a
Poulsen, 2017). The channels through which ICTs affect . . .
. s . RN . reallt% particularl throu% fostering the develogmeuf .
FTANXYAaQ LINRRdAzOOUAQGAUE | YR ;\yyz I-uli\zyy,-N detui\LthS I-R/'R
o ) B uture skills as” well as™ acting as test beds for new
difficult to disentangle. For example, ICTs can facilitate . .
. ) ) . technologies. The role of the government in the context of
access to information ahknowledge, fostering learning . . . .
. ) the 4IR is to facilitate the adoption of emerging
and knowledge flows, or ease communication among firms . .
. . . technologies through support infrastructure and
and SSI actors, thereby promoting collaborative projects. To . .
] i regulations Kucirkova, 2019)
make the most of these new technologies, countries have
put in place several policies. However, often thed@sign The adoptdn of the 4IR and digital transformation requires
does not take full account of the local environment in which investments which could be satisfied with the help of
actors operate, suggesting a potentially large role for arbitrageurs such as venture capital (Deloitte, 2018a).
evidencebased policymaking in this area (Koria et al., Innovative technologies are becoming more prevalent and
2014). venture capitalists are making even greminvestments in
them. Venture capital investments in 4f&used startups

resources.

2F0Sy

36



INDIAN FOOD & BEVERAGE SECTORIAL SYSTEM OF INNOVA

have steadily increased, both in terms of size and numberDue to the rapid changes in technologies linked to digital
of deals. Globally, venture capital investments in this arenatransformation and the 4IR, firms require the support of
grew from approximately US$ 600 million in 2014 to US$intermediaries as knowledge brokers. Intermediaries can
2.3 billion in 2016, representing a 40% CAGR (Deloitte,ensure that knowledge spillover gecesses are more

2018). inclusive for firms and thereby contribute to developing
their absorptive capacities. In addition, intermediaries have

However, venture capitalists need to be mindful of . ] o o
. . . . . avital role in building efficient technology transfer systems
conservative and riskverse investment strategies that fail ) i
between actors of the system of innovation (Karlsen et al

to consider a broad range of promising investments bias
towards companies in specifi@arrowly defined industries. 2022).
£/ & aKz2dd R y2G O2y Tt GS & NAndight df BeSadves étilising theKTrigldNJ#iR $yyailVv iC 2 ND S 4 :
2021). Regular communication between arbitrageurs and measuring the Indian Food and Beverages Sectorial System
especially with industry and other actors such as KBIs,of Innovation (IFBSSI) provides an evidebased
government and intermediaries can help VCs understand framework for identifying barriers and priorities, leadito
the dynamics of the sector and invest accordingly. the articulation of policies and targeted short, medium and

long-term interventions.
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{ dzZNISé aSiK2R2f 2368

The Indian Food & Beverages SectorBystem of  arbitrageurs (ARB); intermediaries (INT) and industry (IND).
Innovation (IFBSSI) Survey has been to obtain a holistic viewhe executive policy community, essentially the
of the SSI as basis for eviderAzased innovation policy for  government (GOV), is represented by highel officials
the food and beverages sector, one out of the five sectors (national and state level) in the relevant public institutions
surveyed under the sectorial system of innovation that are directly or indirectly responsible for innovation in
component of he National Manufacturing Innovation the food & beverages sector. Knowledpgased institutions
Survey 20222. (KBIs) are represented by the heads of university faculties/
departments fom the disciplines of engineering,
technology and innovation, thirtanks, as well as both
public and private research institutes (RIs). Arbitrageurs
(ARB) comprise the venture capital, angel investors, and
banks or other financial institutions and arepresented by
their respective heads or senior management.
Intermediaries constitute industry associations and
'institutions supporting technical change such as regulatory
bodies and are represented at the managerial level. The
industrial community is represnted by the CEOs of firms
‘from the food & beverages sector.

Essentially, two basic forms of data collection exist, those
with and those without an interviewer, or, phrased
differently: interviews and sefidministered
guestionnaires (De Leeuw, 2009 in Dillman. édjerview
surveys can either be administered in person or over the
telephone. There is a great deal of variation in the use of
these methods across countries, due to technical reasons
lack of infrastructure, or cultural norms (Dillman, 1978;
Dillman, 198). SeHadministered questionnaires take on
many forms and can be used in group or individual settings
A weltknown example of a sefdministered questionnaire

is the mail survey, and its computerized equivalent, the Procedure:
Internet survey, which is the cuménorm (Raziano, et al.,
2001; De Leeuw et al.,, 2003). Often a combination
approach is used, particularly when there is the need to ask
sensitive questions. All the taxonomical approaches
mentioned are respondent orientated, and the method
choice is comglx and based on a delicate balance between
the quality of the data acquired, time and costs.

Nonfirm actors, namely GOV, KBI, ARB and INT were

sampled on a convenience basis. A frame was prepared for

the food and beverages sector with around 200 relevant

non-firm actors withih GOV (20), KBI (30), ARB (50) and INT

(100) which was treated as the universe and the sample.

Sampling for firms (IND) were conducted through stratified

random sampling across 28 states and 8 union territories,

The Internetbased approach was chosen in line with the the five sectors, including the food & bewegres sector from
NBlFaz2yiy3 2F Y2NRFZ Sd | ©théNatbMHINdSstridl Edsdificafion (NE)X10 3t B A2Y0B)A A Y 3
use of the budget, internet surveys can cosenuch larger  and their respective firm sizes measured through a

sample size than the conventional mail survey (Berrens, etcombination of turnover, investment in plant and

al., 2003); ii) the time dimension associated with machinery or equipment or employment.

conducting wekbased surveys is much lower in comparison
to other forms (Cobanoglu et al., 2001); iii) the quality of
retrieved dat is higher in terms of neresponse and the
ability to include conditionality in a discreet manner (Olsen,
2009); iv) a higher reliability of data is achieved due to the
reduced need for data entry (Ballantyne, 2004; and Muffo, :
& Ff oS H NN, 020K2., [ 8)2 Al V)Sthe S%]7’44L_1 flrmsfrom the food & beverages _sector. After
emergence of the COMAT® pandemic restrictions during sampling, 4,206 firms were to be surveyed in the food and
the implementation phase of the project which limited beverages sector.

faceto face interaction. The target population is broken down into similarly
structured subgroups or strata, which are as homogeneous
as possible, and form mutugll exclusive groups.
Appropriate stratification will normally give results with
smaller sampling errors than a natratified sample of the
same size and will make it possible to ensure that there are
enough units in the respective domains to produce result

The sampling frame for firm actors hlasen obtained from

the dAnnual Survey of IndustriegASI) 20189 frame, the

[ SYGNB F2NJ az2yAd2NRAy3d LYRAILY 902
database (20149) and the Department of Science and
¢SOKy2t238Qa 06549 ith RAMBEGGI2NE oOH

As per thedTheoretical Framewogkchapter, the IFBSSI
survey focuseson five core actor groups, namely:
government (GOV), knowleddmsed institutions (KBI);
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of acceptable quality. Wherever possible, turnover and the 2020 MSME definitioare used to calculate firm size as
investment in plant and machinery or equipmé&iif as per listed below.

- Firm size classification

Medium

Turnover

> 250 cr

The Government of India notification mentions that: If an combination of 3 databases with the absence of similar
enterprise crosses the ceiling limits specified fopitssent parameters to measure firm size.

category in either of the two criteria of investment or
turnover, it will cease to exist in that category and be placed
in the next higher category but no enterprise shall be placed
in the lower category unless it goes below the ceiling limits
spedfied for its present category in both the criteria of
investment as well as turnover.

Due to the technical rtare of the data to be collected it is
imperative that the quality and integrity of information is
ensured. Consequently, the outlined approach was utilised
to maintain a level of rigour in the selection of enumerators
In some cases, employment data was used as a proxy fofrom the Indian knowledgéased and echnical
firm size and the firms were reclassified post the survey. institutions, as compared to standard data collection firms.

Largec 200 + employees (Kapoor., 2016, p201) The merits of the approach are outlined below:

Medium ¢ 50 to 199 employees Selection of enumerators and retention

Criteria: Given the highly technical nature of the
information collected it is imperative that the selected

Small¢ 20 to 49 employees

Micro ¢ 0 to 19 employees (Kapoor., 2018, p.12) enumerators were able to:
Limitations: - Comprehend the specifics of innovation and systems of
innovation.

The data collection was impacted due to the covid crisis

as businesses were closed. This has affected the survey  Effectively communicate innovation constructs to the
response rate to some extemtith an overall response target respondent.
rate of 64.25%, a firm response rate of 64.50% and non

firm response rate of 59% Guide the discussion as and when required, based on

some degree of understanding and exposure to
Absence of a baseline for evaluating the performance  innovation in the sector, which will also enable them to
of sectorial system of innovations in India as there are support data analysis and reporting.

no prior surveys conducted along tharse lines. . ) .
Demonstrate experience in data collection and

The classification of firms into large, medium, small and therefore be able to extract nuanced information.
micro is only a rough estimate given the universe is a

BeKS SELINBaarAzy aLXFyd FyYyR YIFIOKAYSNE 2N SlidALIYSyidé 27T niashBenbiytie$nbdniblh 4 S5 &K f
Tax Rules, 1962 framed under the Income Tax Act, 1961 and shall include all tangible assetsafothad and building, furniture and fittings). Available at:
https://msme.gov.in/sites/default/files/IndianGazzate 0.pdf

19 Data on turnoveand investment in plant and machinery or equipment is inflattaljusted usingCPMwith base year 2015. Investment in plant and

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

20 Small firms are defined as those having less than 50 employees, medium firms k298 &mployees and large firms are defined as those having 200 or

more workers.
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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
Lime @rvey® as well as, where possible, famdace
Enumerators were trained on systems @fnovation,  interviews. The Lime Survey® tool is an advanced online
technical aspects related to the food sector and data survey system. The outputs from the verification protocol
collection techniques with the Lime Sur@jynterface. In  \ere uploaded into the Lime Survey® system and individual
order to ensure data quality, the Lime Survey® enables reatokens were assigned to each targespondent. This
time tracking of enumerators to the respondent level restricted survey access solely to the targeted qualified
through the back ed. It also signals when surveys have individual respondent, therefore greatly enhancing the

been partially completed. The fact that an online interface fidelity, reliability and validity of the results obtained.
is being used means that there is zero transcription error,

that is, once the response to a question is given it is
automatically updated to the database. Imldition, spot
checks from the response data are randomly taken to
ensure data quality at the level of each individual
enumerator is being maintained.

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

As previously mentioned, the IFBSSI Survey was launched
remotelyonce the initial critical mass of target respondent
contacts had been gathered. The survey was remotely and
non-intrusively managed via the Lime Survey® interface.
Electronic reminders were sent out to the target
respondents who had only partially completeor not
responded at all. This process was facilitated by the
structure of the Lime Survey® bashd, as the system logs
the exact date and time at which the survey was accessed

The Data Acquisition Survey Instrument (DASI) for theand to what degree it was completed.

IBSSI Survey was created using an interactive #stefi ~ For those who ha not accessed the survey for a long

process, and currently stands at its fourth iteration. The period, a follow up was made telephonically to monitor any
provenance of the earlier iterations of the tool can be found potential technical difficulties. Once responses were
in the Ghana, Kenya and Cabo Verde National System ofompleted, they were automatically uploaded into the

Innovation Survey Repor{8artels and Koria, 2012, 2015; survey response database. On completion of data
Koria, 2019). The current iteration, DABI, saw the  collection, the survey responses were analysed with the
introduction of new actorspecific questions to support planned statistical analysis in mind. Figure 3 shows the
measurement at the sectorial level and to provide better steps associated with the data collection process.

insights at the actor level. This enhancement of the IDAS

allows for greater accuracy and impact of the policy

recommendations in the shortmedium, and longterm.

:Operational Methodology

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

LaunchPilot Survey Analysis

Sensitisation of Respondents Reporting
Launch Survey

4
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FNB LINBaSyiSR Ay (G(KS awSadzA

report.
In addition to the primary data collection undertaken it is
crucial to gain a view of what is being presented in the form
of secondary sources at the sectorial level, particularly
those from the government. The secondary sources that
were analged comprised qualitative material consisting of
policy documents, government budget statements,
development strategies and action plans at the national
and sectorial levels. The purpose of analysing these
documents was to gain an understanding of the @pli
direction that the Government of India is taking with
respect to innovation in the food and beverages sector.
Phrased differently, is there convergence or divergence
between what is presented within policy documentation
from the actual results obtainedPhe results of the analysis

In order to garner preliminary insights into the results
obtained from the survey, a stakeholder consuilvat 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 fidings to specific case
examples as well as highlighting any supporting secondary
research that may have been conducted at the national
level. The process what important for the identification of
any potential outliers in the results.
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al ydzFIF O dzNAy3 [ YyRaO
. SOSNY 3Sa { SO0 2NJ

contributes a shareof 23% of global milk production,
growing at a compound annual growth rate (CAGR) of 6.2%
to reach 209.96 metric tonnes in FY 2€20 India ranks™3

in global egg production with a per capita availability of 91
eggs per annum in FY 202@ (Economic Suey, 202122).

The fisheries sector grew at an impressive growth rate of
14.3% from FY 20120 to FY 202@1. Fish production has

The Indian food processing industry isteurise sector, with
a food ecosystem offering huge opportunities for
investments in the food retail sector through favourable

economic policies and attractive fiscal incentives. Its output . ) . . .
achieved an aflime high of 16.19 million metric tonnes

is expected to reach US$ 535 bilion by FY 2Z®5 during 2021222 Th ) duct s touched
Currently, ithas a 10.4% share in exports and a 11.6% share urng - '€ marnine products exports fouched an

. . . . all-time highof US$ 7740 million during FY 2624. Despite
in employment, with the unregistered food processing ) )

. . the heavy odds that confront this sector it has observed a
sector employing 5.1 million peopfe The sector had

0 . ) . .
foreign direct investment (FDI) equity inflows of US$ 709.72 Z‘:f’ gro‘é’:? over :erreV'ous f'“l‘jnc'a' yea: ;het,unt',ted
million during financial year (F2021-22, and the total FDI aes., . g];/ar; | ;plan ar«te '\(/layl;Eexpor estinations
received from April 2000 to June 2022 was US$ 11.34°0MPSING 6 of global exports ( 02,
billion. The exports of agricultural and processed food
products rose by 30% in the first quarter of the current FY
202223 in comparison to the same quarter in FY 2021
R ~ 4 N A v w 3 A 4 w A v e . A A o e ye A ]

Indil ga T22R .LJN.E OSa a.7.\ yg Y.I NJ SLuy I%)\al- Qsaa u G\ Xz gUS R __Fl.é?\u EISI\EELgI- yuRZ)\ y'EI{ pij K S
470 billion by 2025 as Tiesll and Tiedlll cities will replicate : .

. ) . i primary processed foods exports through exploring new
the trends seen in metropolitan cities, by consuming more o . .

opportunities in countries or markets has started to yield
processed food. . . . .
results. The sharppike in exports of mainly rice (basmati

The major sectors comprising the food processing sectorand nonbasmati), wheat and other cereals in 2020 is
are grains, sugar, edible oils, beverages, and dairy productsattributed to synergies and collaboration between various
0/ 2AYYSY [/ 2yadZ GFy(ias HnwmdpstakehddygrR farmersindillers] éSortess 2antifigév€rdmert | NB S 4
producer of spices, milk, food grains, fruits, vegetables, andagencies¢ in boosting exports. The totalolume of
pulses. It is the largest producer, consumer, and processorexported rice was only 188 metric tonnes and 197 metric
of cashew nutsfiPradhan Mantri Kisan Sampada Yofana tonnes in 201819 and 20120 respectively while the
(PMKSY)Ad 2yS 2F G(KS D2 ¢S Ny Y'®yme shipment jogeso1p33hpusapg tenaeg i 2029
schemes with an allocation of INR 6,000 crore. So far, 41¥Vheat exports did not take place in 2618 but rose to 148

mega food parks, 356 cold chain projects, 68 agro thousand tonnes in Z80-21. Only 4 metric tonnes of grain
processing clusters 320 proposals under Were exported in 20120, however, exports of other

creation/exparsion of food processing and preservation Cereals (excluding rice and wheat) were shipped in
capacities (CEFPPC), 61 backward/ forward |inkage§ubstantial quantity to newer destinations (Sudan, Poland,
projects and 6 Operation Green projects across the CountryBolivia, Colombia, Congo Democratic Republic and Ghana)
have been approved (Invest India, 2022). The key sub in 202021, India did not export cereals other than rice and
segments of the food processing industry are fruitsd wheat to these six countries in 2018. Only 102 metric
vegetables, poultry and meat processing, fisheries, food toNnes of cereals other than rice and wheat were exported
retail, and the dairy industry (Invest India, 2022). The total I" 201920, which rose to 521 metric tonnes in 2620
horticultural production in FY 20242 is estimated to be ~ (Press Information Burea@02¢). As per the % Advance
341.67 tonnes. India ranksstlin milk production and Estimates, the estimated production of rice is 130.29
million tonnes, wheat is 106.84 million tonnes, and nutri

21 National Sample Survey Report, 73rd Round, Jul-20052016.

22 Sourced from:https://www.investindia.gov.in/sector/fooeprocessing

23 Sourced fron: https://pib.gov.in/PressReleaselframePage.aspx?PRID=1858281

2GgLyRALF SELIyR& AGa OSNBLIfa SE LR Nbtker céréa’ fo héNar iastination@viRlldphérts of seieall Havg seenh 0SS s K ST G
sharpspikein202@ mé = t NB&a LYy F2N¥YIGA2y . dzNBlFdzz wSt Sl &S L5Y mTHpmmp RIFIGS Rumaid wdzy$S
https://pib.gov.in/PressReleasePage.aspx?PRID=1729115
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/coarse cereals is 50.90 million tonnes for 221 During  vegetables besides the transportation of food grains

the same year, India exported 11 million metrict@s to including rice and pulses, flour, milk and salt by rail, vessels,

become the second largest sugar exporter in the world, or roac®.

earning about INR 40,000 crore worth of foreign exchange . . . .
9 ) g. 9 To fadlitate imports and exports, a single window customs

for the country. India also rankst8globally in meat

. i ) ) . clearance has been implemented, whereby 6 partner
production which has increased from 6.69 metric tonnes in . . .
. ; ) government agencies have been integrated allowing the
201415 to 8.80 metridonnes in 20221 (Invest Indigb).

seamless exchange of information. A food map identifying
India is the world's largest producer of milk, pulses and jute, surplus and deficit areas of various aghiaral produce has
and second largest producer of rice, wheat, sugarcane,been developed and made available by the Ministry of Food
groundnut, vegetables, fruit and cottdfiHowever, food is  Processing Industries that will aid investors in identifying
being wasted at harvest point and duritrgnsportation so  the availability of raw materials in various regions.

the wastage level in perishables is currently very high.
There is an impetus by the government to bring advanced
technologies into the supply chain to reduce wastage in the
value chain. For this purpose, private sector participation is
promoted in the manufacturing segment of the food
processing industry. Foreign direct investment of up to
100% is allowed subject to government approval. A 2,000
crore INR fund was allotted for the mega food project/s in
India. A 100% tax exemption is extlerd to such mega food
parks for a period of five years from their initial operation.
In addition to a reduction in basic customs duty from 10%
to 5%, there is a reduction of excise duty on refrigerated
containers from 12.5% to 6%s There is also a sereitax
exemption on the preconditioning, precooling, ripening,
waxing and retail packing, and labelling of fruits and

The past initiatives of the governmeriave included
addressing challenges in the supply chain, cold chain,
logistics, and storage through promoting greater and more
effective participation by private players. In this context,
the development of forward and backward linkages, the
approval of mega food park projects and addressing
financing challenges have been the focus. Currently, there
are 22 mega food parks in India, the number already
completed, implemented or under consideration are shown
in Figure 4 below. Those with a black square aréy ful
operational, a green circle denotes final approval and a
yellow signifies ifprincipal approval. There are six state
government food parks (shown with red circles), and 11
private player operated mega food parks (shown with sky
blue circles).

25 Sensharma, Sandipan. Invest India Snapshot on Food Processing Industry. Avaliéble &vww.investindia.gov.in/sector/fooeprocessing
26 Sourced fromhttps://www.fao.org/india/fao-in-india/india-at-a-
glance/en/#:~:text=India%20is%20the%20world's%20largest,%2C%20vegetables%2C%20fruit%20and%20cotton

27 Sourced fromhttps://pib.gov.in/newsite/PrintRelease.aspx?relid=156058

28 Sourced fromhttps://www.cbic.gov.in/resources//htdocserviceax/megaexemptionnotfn.pdf
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/State-wise distribution of mega food parks by implementation status
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Figure 8° shows the project components of the mega food requirement for establishing a central processing centre is
LI N)] Y2RSt® LG AyOthatR@céupsT | akavnd NEBLOD asré&P hizh@vet thé Sctud@ requirement
and individual farmers. There are field collection and varies from project to project, depending on regional
primary collection centres that conduct specific activities in variation. On average, it is exgted that each project will
addition to central processing centres (CPCs). The lanchave around 280 food processing units. It is important to

29 Sourced from: Ministry of Food Processing Industries.
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note that the units in mega food parks do not own the land, innovation in these units would depend crucially on
which is why they cannot use land as collateral to get fundsgovernment support.
for investment in technology and equipment. Hen

:"Project components of the Mega Food Park Model

Megafood park model:An illustration

Farmergroups Selfhelp groups Individual farmers
cc cc cc cc cC cC cc cc cc cC cC cc Field collection centers
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inadequate quality of produce, the raidependent nature

of farming with conventional methods of farming, a lack of
knowledge about the right inputs and prices, a lack of
proper logistics, handling facilities or proper cold storage
facilities, and improper gradg and sorting make

modernisation difficult. Food wastage stood at US$ 1.5
billion during 2019 (Confederation of Indian Industry

The Indian food processing industry comprises two ke
segments - processed foods sold in packaged
unpackaged condition and vaksglded processed foods.

These products have a short to mediusheltlife, ) o
. . . . . Report on Indian Food processing industry, ZO1L%At the
depending on regional variations in storage conditions at . ) )
distribution level, the high cost of transportation,

value chain stages, so the challenges of contamination arise

. kaging, Id chain, limi ,
with processed foods. The vahaglded processed foods ]E)ac aglr;gd and:c:d E {;un _tlt:nlteollt_glov_ertnmen;.supportd
contain preservatives and therefore have a better stidf ragmented supply chain with muliple intermediaries an

Figure 6% below shows the key challenges that the lack of product traceability, inadequate information

. . . . technology and communication support and poor
industry currently faces including: the seasonality of o i .

. . I . . coordination between farmers and processing units are key
operations and lowcapacity utilisation, gaps in connection

. . . ... challenges. On the demarside, key challenges in
between production and processing, lack of uniformity in ; .
. . . . increasing consumption of processed foods are the lack of
quality across suppliers, gaps in suppigio infrastructure

. . ... standardisation in food processing, lack of knowledge
for primary processing and storage, as well as distribution . . . .

o ~ < about balanced diets and nutrition along with castliving
faC|I|-t|(?s. T_he GO_I offers thﬂ_<r'5h' UDAAN 2.0 Scheme pressures, income disparity and ieasing incidences of
providing incentives for air transport of agriproduce. jiestyle diseases (often attributed to processed foods)
Challenges within the farm level, such as: low yield and (Singh, Daultani and Sahu, 2021). The Indian food

0L 2dz2NOSR FNBYY DIFdz2NF gSYRNI {Ay3AKIZ | F&K 5Fdzf GF yA | yR wibod SWeFONEIA &{AlyRIY A SAOHI 2 HW (aZ
OPSEARCH (2022), Volume no. 59, pp4891DOI: 10.1007/s1259021-005531.

BGLYRALFY C22R t-INREYSRE AlYVER LIYIRIDBENINGY A GAS&déS /2y FSRSNIGA2Y 2F LYRALFLY AyRdzAGNESZ
Available athttps://face-cii.in/wp-content/uploads/2021/09/FooeProcessingReport2019.pdf(Last accessed on November 25, 2022).

47


about:blank

INDIAN FOOD & BEVERAGE SECTORIAL SYSTEM OF INNOVATION (IFBSSI)

processing industry currently processes only 10% of itshas impacted the consumption patterns of the Indian
agricultural output, including the processing of fruits and population. As we recover from the pandemic, consumer
vegetablesat 2% and milk at 35% (Confederation of Indian spending in India will continue to grow in 2021 (post the
Industry Report, 2019). pandemiecled contraction), exparidg by as much as
6.6962. The Indian food industry is therefore poised for
huge growth, increasing its contribution to world food trade
every year due to its immense potential for value addition,
particularly within the food processing industry. The Indian
FT22R LINRPOSaaAy3d AYyRddzAGNE | 002 dzy i
total food market, is one of the largest industries in India
and is ranked fifth in terms of production, consumption,
export and expected growth (IBEF, 2021). However, given
tshe barriers and chahges faced by the industry, reducing
food losses, increasing productivity improvements, and
extending the shelfife of products will all play key roles
In terms of the challenges posed by the seegmnomic and can only be achieved by involving supply chain
profile of consumption of processed foods in kmdi  stakeholders and optimising the supply chain oread-to-
particularly consumer spending and habits, the pandemic end basis.

Rapid population expansion in India is the main factor
driving the agrfood industry. The rising income levels in
rural and urban areas, which have contributed to an
increase in the dmand for agricultural products across the
nation, provide additional support for this. In accordance
with this, the market is being stimulated by the growing
adoption of cuttingedge techniques including blockchain,
artificial intelligence (Al), geograghinformation systems
(GIS), drones, and remote sensing technologies, as well a
the release of various-farming applications.

:Barriers in the Indian food processing industry

Barriers in the Indian food processing sector

Farm level Distribution level Consumers leve

1 Low yield and inadequate quality of 1 High cost of modern transportation 1 Lack of awareness

1
1
1

il

food produce

Conventionamethods of farming
Rain¢dependent farming

Lack of proper logistics and the
handling facilities at the farm

Lack of proper cold storage facilities
near the farm

Unaffordable modernization

facilities
1 High cost of the cold chain
1 Inadequate information technology,
and communication support
High cost of packaging
Limited market support
Lack of government support
Poor coordination between farmers
and food proessing unit

=A =8 =4 =9

1 Lack of standardization, and quality
in processed food
1 Conventional food habits

il
1 High advertising cost
1 Improper grading and sorting

SourceSingh et. al. (2022)

enhancing flavours (1950980) and then health (from
19802000). However, the current evolutionary phase
relatestothepro®@ G A2y 2F GKS aKSFfGK 2°7F
al, 2018; Augusto, 2020). Industry 4.0 has a promising role
in this context through application across a range of
The food procesing industry is key to addressing food business functions, with a strong impact on products,
security concerns through improving productivity gains, processes, factories, and supply chains (ldasand Yusoff,
value addition and the reduction of wastage. Food security 2018; Manavalan and Jayakrishna, 2019). The Internet of
mandates, according to the Rome Declaration 1996, inVO'VeThingS’ robotics and automation, when introduced in
not only provisioning issues, but also gtalcontrol and production processes primarily
standards. From a historical perspective, the traditional efficiency (Bortoluzzi et al, 2020).
focus was on food integrity and safety (until the 1950s),

increase operational

32 Sourced fromhttps://www.thehindu.com/business/Economy/indiasonsumerspendingto-return-to-growth-in-202 1-fitch-solutiongarticle33213500.ece
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The low adoption of food processing overalhd the hawe adopted the use of predictive analytics solutions to
bottlenecks that exist, in terms of the infrastructure, mean help with efficiency gains, cut emissions, and reduce energy
that there is an urgent need for addressing the challenges use and wastage of resources. Newer packaging equipment
that this industry faces. In addition, the food processing and methods allow companies to reduce the amount of
industry has huge sustainability implications. Consumer packaging to meet the demandsrfmore environmentally
trends towards healthier, more sustainable food friendly manufacturing.

accompanied with a rise in global food regulation around

) g ~In addition to demands for green, sustainable
food safety and an increase in smaller, more personalised

. i manufacturing practices, food and beverage companies are
production methods have led to the adoption of Industry . . .

o focused on improving food safety. According to the Food
4.0 technologies in the food sector. FyR 1 3NR Odz G dzNT h NB I gatelyl (A 2yQa
The impact & the pandemic on this industry was w S LJ23WJB0D million or 10% of the global population
considerable, in terms of the change in demand of becomes ill due to consuming contaminated food and
restaurant products and staple foods (Lyat Avidor Peleg, 4,20,000 people die as a restfublic health organizations
2021). The impact on supply chains coupled with vastaround the world are tightening food safety regulations,
swings in consumer demand led to shifts in demand from while manufacturers are highly aware of the disastrous
plant to plant. In developed countries, the industry was impact that food recalls, or worse, food poisoning incidents,
much further along digitally than several manufacturing can have on their reputatiorSeveral digital technotes
verticals before the COWVID® pandemic began. A that address food security are robotic process automation
significant number of plants already used automated (RPA), better hygienic practices like clearmglace
equipment items such as ovens, processors, alid chain technologies to monitor microbial levels and improving the
storage units equipped with sensors in those developed reliability of cleaning protocols. In addition, improvements
countries. But when the pandemic began, few of them had in supply chain igibility, through the use of industrial
smart devices that shared data with each other and a Internet of Things (lloT) devices like temperature sensors,
broader integrated data analytics system, or the increase the confidence that perishable food and materials
connectivity that enabled remoteperations.According to  have been kept in good condition, while logistics logging
some studies73% of food and beverage companies tracks every step of the shipment uindielivery.
developed countries have continued or increased their
investment in digital technologies, with supply chain

operations (51%), data collection (38%), and improved .
. _ ] ] enable employees to work from home and production to
business analyti (37%) standing out as tipgimary use . . . . .
o ; ) . continue without disruption, such as cloud project
cases of such digital manufacturing technologies. A leading L ) . .
management and communicaticlools; machine learning

. . 0 . .
|ssue.for _t_hls (79% of food and beverage compfa.nles) Is'(ML) and big data for predictive maintenance; lloT devices
sustainability, as consumers seek better traceability and . . .

isibil Global Food 4B | Trend together with edge computing and augmented reality (AR)
visibility - (Global Food an everage Indystrrends to support digital twins (Tzachor, Richards and Jeen, 2022);

Reporg® ). In this regard, knowledge as to the . .
p_ ) ) g T g and robotic process automation on the factory floor. The
environmental footprint and origins of the product are key . . . o L
use of digital twins through virtualisation of living or non

information that consumers typically desire. In turn, these . . . . . .
ypically living physical entities, enabled by improvements in

pressures travel to the food and beverage manufacturing . - . .
L . . . computing capabilities, exist as computer simulated
plants, manifesting in improved supply ath solutions models

aimed at addressing the challenges that cestended

supply chains have posed during the pandemic. TheThe deployment of sensors that detect biological, chemical,
adoption of tools ensuring greater transparency at the plant and physical propeits of objects on a redime basis
level, for both upstream and downstream activities, results ensure that the digital counterparts of these measured
in ensuring quickesponses to requests for provenance in objects are live and accurate (Niederer tal., 2021). In such
addition toidentification and response to bottlenecks cyber physical architectures, changes occurring within the
before they cause serious delay or a shortage in rawphysical modify its virtual twin simultanedys and
materials. In response to consumer demands for continuously. The repurposing of this digital twin
environmentally friendly manufacturing processes, plants technology addresses predicaments such as climate change

Like other verticals, food and beverage plants found that
the pandemic forced them to adopt technologies that

33 Global Food and Beverage Industry Trends Report, Aptean and Reuters Events. Avaiidble/dh.aptean.com/rs/181TRFL25/images/AptearGlobat
2020-FoodBeverageTrendsReport.pdf?alild=eyJplioiSzUxVGZ5bjY5YzhSNE02WCIsInQiOiJCa3NrcEOxd 1XYeTRIRBP T0ifQ%253D%253D

¥EgeKS {GFGS 2F Ga2@AYFRC2 BBIAKEZ & fzNB2 2 R [ 2 4-82-5131P8912 Availdb® atw SRdz0G A2y ¢ 2 L{. b Ty
https://www.fao.org/3/ca6030en/ca6030en.pdf
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and extreme weather in complex natural environments. fluctuations in small batch processing, thus enabling
Reinforcement learning (RL), an emerging subfield of Al thatpersonalised manufacturing, redang food wastage.
enables autonomous agente make decisions in complex
systems, can be deployed in digital twins to advise optimal
control strategies to the physical counterpart.
Reinforcement learning agents take the current state of a
system as input and predict future action sequences that
optimise system behaviour (Sutton and Barto, 1998). Digital

twins allow agents to simulate many control sequences to . . .
g y q models, fruit sheHife can be lengthened by optimising

determine their alignment with the control objective and . " . .
i ) ) ) o shipping conditions. Thus, reinforcement learning (RL)
advise the physical system accordingly. This combination of

) A ) o ) ] agents are usedo optimise supply chain distribution to
virtual replicas with advared decisiormaking will have a o ' o
. ) i maximise producer profit and repurposed to maximise
transformative impact on the agfood sector, addressing

] ] ] - resource efficiency (Chen et al, 2021). Agrifood
collective action problems like malnutrition, food waste .
o . stakeholders must however be cognisant of four techno
and greenhouse gas emissions that affect developing

i ) . . economic limitations currently associated with the
countries disproportionately. Applications across key deploymer of digital twins

supply chain steps namely: (a) agricultural inputs, (b)

primary agricultural production, (c) storage and Firstly, robust virtual replicas rely on two elements: (a)
transportation, (d) food processing, (e) distribution and appropriate sensor coverage and (b) model uncertainty
retail, and (f) consumption are promising. The production quantification. For advanced decisiomaking systems to

of agricultural inputs like fertiliserand pesticides have a recommend optimal control strategies using a digital twin,
significant carbon footprint. Measures to improve heat its sei 2 NE  Ydza G 06S &adZFFAOASY(f & LINE
conversion efficiency in power plants supporting the objectives. Even with sufficient sensor coverage, digital
manufacture of these inputs can help achieve carbon twins can only approximate the physical system meaning its
intensity reduction mandates. state representation and future predictions are uncertain.
In response, there are recamendations for building digital
twins using Bayesian methods, but robust methods for
dealing with uncertainty and decisienaking remain an
218y OKIFttSyaSed Ly GKS alyvy$S @Say
entire supply chains that encompass -distribution
certres, such as food banks and soup kitchens in lewer
income communities, would require hefty investments in
data architectures, including cloud computing and- on
premises sensors. However, it is likely that private firms at
the forefront of research and del@ment on digital twins
would lack incentive to invest in cybphysical systems
that promote ecological and humanitarian causes, such as

These technologies can be used to monitor the location of
delivery vehicles across the road network, food inventory in
retail stores, food embodied emissions traffic, weather, and
shelflife of food in transit. The modelling of the caitiain

on an endto end basis can help understand food quality on
an instore arrival basis. Using sensitivity analyses on these

Their application at molecular, cell,gise and organ levels
can simulate crops precisely and allow stressting of
these crops. These will help support seed improvements for
climate resilient staples. These developments have
applications in precision agriculture. In addition, the digital
twin technologies have potential in addressing animal
health, farming resourcefficiency and biodiversity loss.
Even so, the applications in storage and transportation,
particularly controlling storage conditions hold good
potential for ventilation management Cold chains of
perishable produce, where fruit, vegetable, dairy, meat and

seafood products are preooled and provisionally stored in agrobiodiversity and food rescue that yield no direct

refrigerated facilities, use computer simulations that advise . . . . . S .
9 ' P financial returns. This may stifle the dissemination of digita

on energy efficiency measures to reduce carbon emissions._ . . . . .
. ] ] ] o . twins for the agrifood sector transformation, particularly in
Paired with sensing technologies, digital twins can be

) ’ ) ... areas where digital innovation is needed the most.
integrated across food processing and packaging facilities

that convert agricultural commodities, such as corn or Secondly, designing digital twins that are robust to periods
cattle, to ingredients and endser food products, including when sensor data is inaccessible requires technical
tinned vegetables, meat uts, ready meals, and innovation and is an impoant barrier to scaled
confectionery. They can support industrial ecology deployment. Thirdly, modelling flaws are introduced in
approaches to prevent food loss, in the same way they havedesign, not through human error in coding or merging
been used to enhance circular economy applications in error-free, but discordant algorithms or data. A small
construction manufacturing. notational error in the code of a computational model used
for predictve maintenance of an irrigation system, for
instance, could result in {ihformed decisions leading to
crop yield failures and produce loss (Tzachor et al,2022).

Furthermore, their deployment in smart mafacturing
plants to monitor ingredient delivery schedules, plant
throughput, ingredient wastage, operator work schedules
and demand forecasts can address demaitk
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Fourthly, the lack of common modelling standards for first level barriers and job disruptions at the second level,
digital twins might create compatibijit difficulties in while the third level is occupied by the remaining linkage
integrating separately created models. In particular, the barriers. The lack of infrastructure is at the root level and
expertise, methods and infrastructure involved preclude therefore is the most significant barrier in tlaeloption of
the utilisation of digital twins in lowemiddle income Industry 4.0 technologies. Successful implementation of
economies where the greatest number of small Industry 4.0 can take place only if the manufacturing
landholders operate, mal credit markets are immature, organizations have sufficient and capable technological
agricultural productivity is low, food spoilage and waste are infrastructure like reliable higkpeed connectivity,
widespread, and malnutrition is prevalanmuch in the uninterrupted energy suply, and the loT architecture for
same way, Green Revolution technologies have bypassedyberphysical systems in their manufacturing
the most vulnerable (Pingali et al, 2012). The depelent environment. The need for skilling the workforce arises as
of advanced electronic, information, and manufacturing the next mostimportant factor, as well as the integration of
technologies is changing the production process of the value chain networks of suppliers and partners on a
companies, which transforms traditional manufacturing seamless basis.

into  intelligent  manufacturing, increasing  the
competitiveness and flexibility of organtins (L.M.A.L.
dos Santos et al, 2021). Digital transformation and
innovation processes are also making their way into the
food industry, giving rise to Agriculture 4.0.

In addition, there is a need to assess the economic benefits
of adopting these technologies in their product and service
offerings. Poor value chains may lead to high investment in
addition to data quality and management issues. Theee is
need to develop digital infrastructure by governments and
India is a large exporter of food products but of late the for research organizations to reveal the benefits and
products are getting rejéed in developed country markets advantages of these technologies. The development of
due to the lack of traceability, not adhering to food safety skills through capacity building must be focused on by
requirements, contamination in the supply chain, etc. universities, academic institutesd research organizations
Industry 4.0 can help to mitigate thiseading companies with regard to: sensor technologies, cyber security,
are therefore moving towards an integrated, autoted machinemachinehuman integration, data analytics,
system that handles demand forecasting, production business intelligence, collaborative robotics, cypbysical
scheduling, process configuration, maintenance planning, systems, the IoT, etc. In view of the challenges posed in the
inventory management, supply chai@rganization and developing country context by missing links between
fulfillment. Since manufacturing industries are in a production and processing and the barriers at the farm level
transition phase of Industry 4.0, theshould be aware, and distribution level, there is an increasing mandate for
ready, and capable of coping with the challenges that arisereducing wastage and food productivity gains. In view of
in this context. Key implementation barriers include the the problem of food wastagehere is a need for optimising
high cost of implementation, lack of knowledge about the food processing operations, especially in
information technology systems, cybersecurity, data manufacturing. Given the informational and
privacy, an unsked workforce, poor value chain communication challenges in processing, there is a need to
integration, uncertainty about economic benefits, implement digital manufacturing that can address these
challenges in data management and quality, lack of securechallenges.

standards and norms, lack of infrastructure, the
organizational and process changes required and
employment disrugons, besides resistance to change
(Kumar, Bhamu and Sangwan, 2021; Kamble et al, 2018).

On the sustainability front, there is a need to identify and
measure sustainability indicators on a dynamic basis. In
addition, adaptability to change, high levels of observation
and skills are necessary. The technology of digitél y¥wQ a
Dependent barrier® like job disruptions and resistance to answers to the realime monitoring of such indicators
change, linkage barrie¥s such as poor value chain during storage and transportation. The IoT technology can
integration, cybersecurity challenges, high investme collect and transmit data with flexibility and scalability
requirements, lack of infrastructure, data management and which justifies its use for developing a sustainable
data quality challenges and lack of secure standards andagricultural food supply lain. These technologies can
norms appear germane. Driving barrigrsuch as unclear deliver the necessary informational challenges that arise in
economic benefits and an unskilled workforce are this context, provided the barriers are overcome.
considerably important. Resistea to change appears at

35 Dependent barriers are those that demonstrate weak driving but strong dependence power.
36 Linkage barriers are those that demonstrate both strong driving and dependence power.
37 Driving barriers are those having strong driving power but weak dependence power.
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When India faced an acute food shortage during World War
II, a new Food Department was created under British rule.
Soon after independence, on 29th August 1947, it was re Draft National Food Rycessing Policy (2019)
designated as the Ministry of Food, which was later merged
with the Ministry of Agrialture to constitute the Ministry

of Food and Agriculture, for greater administrative
efficiency and economy (Department of Food and Public
Distribution, 2022). In 2015, the nomenclature was further
changed to the Ministry of Agriculture and Farmers Welfar
bringing agriculture, dairying and fisheries under its ambit
while food processing came under the Ministry of Food
Processing Industries (MoFPI) (Department of Agriculture &

Farmers Welfare Organizational History Document, 2017)." ) ) ]
policies provide the potential for economic growth and lead

In India the food indusy is comprised of food production ) ] i )

o . ... to desired social and ecological outcomes. Smith (2016)
and food processing industries. It encompasses all activities - . . ; N o .

. . I NBdzSa U0KIUO aC22R LRfAOe aKz2dZ R
related to the manufacturing and processing of food bi ncludi h .
products and beverages and has a quintessential role inP! .'C engagement, including with consumers, |ndga§lMe
L . . . agricultural sector, and negovernment and nosirm
linking Indian farmers to consumers in the domestitd - - ) }
. . entities so that critical discussions are held and support the
international markets. i i o
right policy decisions. If done properly, then governments

India has made tremendous progress in providing food should make the policy decisions publically available so
security to its population and becoming seffiant in  there is a cleaand consistent message to both internal and
agriculture. Accordingly, the focus of policies has shifted external stakeholders, including international stakeholders.
from selfsufficiency to enhancing incomes for farmers by Most importantly good food policy is fabiased and
promoting opportunities in the Indian food processing 3 dzLJLI2 NJI SR o6& &d2dzyR aO0ASYGATAO S¢
sector, which is one of the largest in the world. Its output is the Ministry of Food Processing Indues, Gol, is striving to
expected to reach US$ 535 billion by FY 2B@%nd itis  make the policymaking process participative and inclusive
expected to generate 9 million jobs by 2024 (Invest India, py seeking the inputs of stakeholders in its food processing
2019). policy. The goal is to provide a favourable policy ecosystem
dKFG OFy adzZJRNI LyR¥FQa Fraid $0

¢KS GSNXY aF22R LRfAOEE KIFA& RAGSN
5N} 1S ! YAGSNEAGE | ANRKROdz GdzNI £ |
policy is the area of public policy concerning how food is

produced, processed, distributed, and purchased. Food

polides are designed to influence the operation of the food

and agriculture system. This often includes decisimaking

around production and processing techniques, marketing,

availability, utilisation and consumption of food in the

interest of meeting or fuk SNAy 3 &a20A1f 20625004

Though the Idian food industry has been acknowledged as

a high priority industry and the government is taking The food processing sector has emerged as an important
necessary steps for advancing the productivity, innovation segment of the Indiaeconomy andctonstitutes as much as
and global competitiveness of the sector, such 9.9% and 11.4% share of Gross Value Added (GVA) in the
advancements require an inclusive and participatomfiti- -~ manufacturing and agriculture sector respectively in FY
stakeholder approach. It is important for policymakers to 201920 at FY 20312 prices MoFPI, 2021). Nevertheless,
consider the synergies among the vital actors in the food some of the key challenges faced by the sectoe the
sectorial system of innovation (i.e., government, industry sypply chain infrastructure gaps, institutional gaps, the
associations, ~knowledge I & S R Ay aiA G dziIRiver low el of pr&2dsding, technological gaps, a lack
intermediaries and arbiageurs) that can influence policy of seamless linkages between agroduction and
implementation. processing, credit availability gaps, etc. (MoFPI, 2@2ad.

Explained below are the core policies of the Indian food and 0 the 1ack of supply chain infrastructure and inadequate

beverages industry along with the supporting policies that Processing and storage capacity, the agriculture products
face high wastage, a high cost of production and a low level

of value addition.n order to overcome these challenges
and to create a conducive environment for attracting
investment to the sector, ensuring higher deployment of
credit in the sector to provide incentive for technology
upgradation in existing units and for promoting ease
doing business, the Government of India announced the

have a bearing on it.
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5N} FiG blidAz2ylf C22R
aims to achieve a sbold increase in investment by 2035.

The ministry maintains that this policy is not just a roadmap
for unhindered growh of the food processing sector but

will also deal with food safety and nutrition issues in
FftAAYYSyd @gAGK GKS

t N2 OS & & thiedconsugnér XvitBout mny Nompak)d It doves thed2 £ A O &

creation of infrastructure facilities along the entire

supply chain. The scheme allows flexibility in project
planning wih special emphasis on the creation of cold
chain infrastructure at the farm level. So far 199

ab A2y RFOIC Bavg baep sanctipneq ugder SQMPADA, ot of 4 5

AGNByY3IGKSy (KS F2o5Nyvsyd Ay ek B Ra}ées?e%'s‘g ‘ﬁ%‘,‘?ﬂf&‘?ddzg?e;\ “%05 Pl ?J;]FSN.N SNE O
AyO2YSa dzy RSNJ GKS 6! 3 NGRPHz G dzﬁlifgo,ssdﬁtﬁﬁ’ﬁﬁ?” 30 aqditiogal projects during the

2019).

Pradhan Mantri Kisan SAMPADA Yojana (PMKSY)C
(2016- 2020) '

As India is making efforts to find various means of achieving
food and nutrition security, it is imperative for the country
to ensure the sustainability of its food and lande
systems, along with the efficient and optimum utilisation of
natural resources across its diverse agmlogical regions.
Achieving this target means building the capabilities and
enhancing skills for adapting advanced technology,
innovation, diversification,sustainability and increased
productivity and efficiency across the value chain. With the
objective of creating modern infrastructure with efficient d.
supply chain management from farm gate to retail outlet,

h Finane Commission (FC) cycle with a total outlay
of INR 1,062 crore to the scheme (MoFPI, 2022).

Creation/ Expansion of food processing/ preservation
capacities (unit scheme)to build processing and
preservation capacities, modernisation and expansion
of exising food processing units to increase the level of
processing, adding value to reduce wastage. Against
the targeted 305 projects, the MoFPI has so far
sanctioned 296 projects for food processing units, out
of which 45 projects have been completed. An
additonal 162 projects have been proposed for
sanctionaing during the 15FC cycle with a total outlay
of INR 1,292 crore (MoFPI, 2022).

Creation of agreprocessing clusters (APC)r the
development of modern infrastructure and common

GKS D2@SNYyYSyd 27F LyRScemd | dzygéﬁit%gto Qn%oﬁragdgﬁolﬂpg & Ien?re'preneurs to set

for AgroMarine Processing and Development of Agro

up food processing units based on a cluster approach

t N2OSaaAy3a /fdzauSNBRE GgAUK | Yby l'lilJ;kiBgz é)r(ljuHsA(?f %ro&gersll‘fgrmersc &4k ONE NE
for the period 20162020. A few months after the launch, processors and markets through a wetjuipped

GKS a0KSYS sha NBYFYSR ta  GiNEEKE mid iidhuctlel ridef the

{! .at ! 5 b, 2elbyte ot ailrog Q"ISD_ ¢ K Rherfle® &ch Yageproflesing cluster has two basic

provide a big boost to the growth of the food processing components - Basic enabling infrastructure(roads,

sector but will also help in creating employment water supply, power supply, drainage, ETP, etc.) and
2LLRNIdZyAGASEZ SYKEYOAYI Th NESMAQ ) WnhonitacliivkrhQdes €2 AY

rural areas) and reducing the wastage of perishable
agricultural products. Witlthe approval of the Department
of Expenditure, PMKSY was extended to 20@R1. The
government has approved the continuation of the scheme
with an allocation of INR 4,600 crore until March 31st, 2026
(MoFPI, 2022). The following sabhemes are covered
under PMKSY:

a. Development of mega food parks provide modern
infrastructure for the food sector, to ensure value
addition of agriculture produce, to establish a
sustainable raw material supply chain for each cluster,
to facilitate the induction of latest tdmology, to
address the need of small and micro food processing
enterprises by providing plug and play facilities and to
provide an institutional mechanism for producers, f.
processors, and retailers to work together to build the
supply chain.

b. Integrated cod chain and value addition
infrastructure to provide facilities from the farm gate

54

cold storages, IQF, tetra pack, sorting, grading, etc.) and
at least 5 fod processing units with a minimum
investment of INR 25 crore. Against the targeted 75
APCs, the MoFPI has so far sanctioned 68 projects for
the creation of clusters in various segments of food
processing and 30 additional projects are proposed to
be sancined during the 18 FC cycle with a total
outlay of INR 584 crore (MoFPI, 2022).

Creation of effective backward and forward linkages

for perishable agthorti produce through the setting up

of primary processing centres/ collection centres at
farm gate, dstribution hubs and retail outlets at the
front end.

Food safety and quality assurante achieve alround
development of the food processing sector in the
country and to ensure that the quality of food products
manufactured and sold in the market medhe
stringent parameters prescribed by the food safety
regulator. Keeping in view the aforementioned
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objectives, the government has been extending Marine Product Exports Development AuthgriMPEDA)
financial assistance under the scheme under the - which are currently under the Ministry of Commerce &
following components: setting up/upgrading of quality Industry - under the purview of the MoFP$.PMKSY is a
control/ food testing laboratory (FTLs) and HACCP/ISOflagship scheme of the MoFPI and therefore it needs to
standards/ food safety/quality management system. address the aforementioned shortcomings in a time bound
Against the targeted 100 FTLs, the MoFPI has so famanner.

sanctioned 54 projects for the creation of food testing
laboratories and has proposed to sanction 25 addiil
projects during the 18 FC cycle with a total outlay of

INR 145 crore (MoFPI, 2022). The Indian food processing industry has a wide variety of

g. Human resources and institutionto ensure that end food products and the largest production base. There are
product/outcome/findings of R&D work benefit the over 25,00,000 food processing units in the unorganised
food processing industry in terms of: product and food procesig sector, with 66% of them located in rural
process develpment, efficient technologies, improved area.s.and ov.er 80% owned by farigsed bu.s.messes
packaging, value addition, etc., with commercial value providing an income source to rural communities (IBEF,
along with standardisation of various factors viz 2021). Nevertheless, this unorganised sector faces
additives, colouring agents, preservatives, pesticide, s.ubstantlal challenges _SUCh as the lack of instnai )
residues, chemical and microbiological containments finance, access to credit, access to modern technological
and naturally occurring toxic substances within know-how, and commercialisation. To address these

permissible limits. So far the MoFPI has sanctioned 2g°@/lenges and boost investment in the food processing
projects for the creation of food processing skill centres S€CtOr. the Gol initiated various schemes and programmes
and a total of 59 R&D projects. An additional 100 R&D SUCh @S permitting 100% foreigiirect investment (FDI)
projects have been proposed for sanctionidgring through automatic routes. Consequently, the FDI inflows in
15 FC cycle with a total outlay of INR 31.50 crore this sector have increased from US$ 628 million in 209.8
(MoFPI, 2022). to US$ 904 million in 20120 (IBEF, 2021).

Pradhan Mantri Formalisation of Micro Food
Processing Enterprises Scheme (202025)

h. Operation Greens (TOP to TOTAlje 201819 budget On June 29th, 2020, the Government of India launched the
announced the launch of this sicheme for the at NJ R KnkriyForraalization of Micro Food Processing

integrated development of the tomato, onion and 9yis N‘]jJNJ\ 4Sa otacCa 9}" { OK_é YS¢ dzy R
potato (TOP) crops value chain. Later, as a part of KENFG PoKABFYE YR ax20Ff F2NJ [
GUFAYFYANDKENI . KFNF G ! oK ARAPCle fechgialg and bisingss  sypRpiE (i &jgro

the scope of this scheme from TOP td ather processing units in the country (IBEF, 2021). Tdjeatives

perishable products (TOTAL) so as to boost vaIueOf this scheme are: ensuring increased access to credit and

addition in these perishables. The MoFPI has identified Vestment  for  existing  micro  food  processing

these 22 perishables, which include mango, banana, ENtréPreneurs, farmer producer organizations (FPOs); self
apple, pineapple, carrot, caulifiower, beans, etc help groups (SHGs) and -eperatives; supporting the
(MoFPI, 2022). transition of the existing 2B,000 enterprises into a formal

framework; increasing access to common services like

In 2021, the Parliamentary Standing Committeé ON common processing facilities, laboratories, storage,

Agriculture flagged the issue of underutilisation of allocated packaging, marketing and incubation  services;

funds by the MoFPI. Commenting on the achievement of syrengthening institutions, research and training in the food

the eight subschemes under PMKSY, the panel noted that processingector, and increasing access to professional and

@i KSNB Kl a 0SS ytallthe dcketndslaF dert fecnhidhl stipho¥t for enterprises.

the statement for the years 20189, 201920 and 2020

HMED CKS LI ySt faz2 NIAaSRIESDEEASESSS 10 SYPPOL O NH RPRENIG A2y 2
funds for disadvantaged classes and the northeastern €Nterprises through a package of support and services that

region, to which the MoFPI responded by saying that this includes: training and financial assistance for technological
underttilisation was due to receipt of inadequate eligible upgradation; supporting FPOs, SHGs, producers and

proposals. However, the panel concurred with the MoFPI to cooperatives along their entire value chain, and marketing

bring two agenciesc the Agricultural Processed Food support for their integration with the organised supply

Products Export Development Authority (APEDA) andchain for compliance and registration under different

38 Sourced fromhttps://www.businesstoday.in/latest/economypolitics/story/food-processingindustriesministry-consistentlyunder-utilised-fundsfind-
parkpanet2903392021-03-09
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regulatory frameworks (MoFPI, 2021)It will be income of fish farmers and fishers in the country and
implemented for a period of five years from FY 2@20to focuses on sustainable developmeéhf (G KS Ly RAl Qa
FY 202425 with an outlay of INR 10,000 crore. A unique sector as part of the Aatmanirbhar Bharat Scheme (IBEF,
FSIGd2NBE 2F (GKAa aOKSYS Aa @mi).itwds introdubed taliriag aboutdhk Bl Ré&vdludidn N O (

t NERdzOG o6h5ht 0é | LILINBI OK I shrolgh dFtaindble ahd réspoBsiblR 8eMdlopnientlofitte3 e 2 F

concentraed agro and industrial development focused on fisheries sector including the welfare of fishermen
each district, offering an array of fiscal incentives, common (Deparment of Fisheries, 2020). The objectives of the
facilities, credit, marketing, and policy support (MoFPI, PMMSY (Department of Fisheries, 2020) are:

2021). Harnessing of fisheries potential in a sustainable,

Blue Revolution: Integrated Development and responsible, inclusive and equitable manner.
Management of Fisheries (20352020) - Enhancing fish production and productivity through the
Fsheries is a sunrise sector playing an important role in the ~ €xpansion, intensification,  diversification  and
socioeconomic development by providing employment to productive utilisation of land and water.

14.5 million people and sustaining livelihoods for 28 million . podernising and strengthening of value chajipost
fishermen in the country (Department of Fisheries Press  napvest management and quality improvement.
Release, 2022). The sfieries sector has witnessed
tremendous growth with an increased fish production from
0.75 million tonnes in 19581 to 14.16 million tonnes
during 201920. Constituting approximately 6.3% of global .  Ephanaig the contribution to agriculture GVA and
fish production and 5% of global fish trade, India has exports.
attained second place among the fish production and
aquaculture producing countries in the world (Department
of Fisheries Annual Report, 2018). Forecasting the
potentiality of the fisheries sector, in December 2014, the .  Robust fisheries management and regulatory
D2JGSNYYSyid 2F Ly RuelRevélutiairy O K FBmevibk.S & .
:__ :f ; j . N{]- yu;éz}, Ksra:tﬁg ,\S/li;i’l;:]; > Y¢UK X I-é)f Rg gl!é)yal}-\clﬁege\rqwgn%qn th2e qf:ishe(r;le}'\s %erétg’r '\djﬁdgranuez
o . . . Rev&ution re (i) enmcement of fish production from
accordance with international discourse on oceans and in

A . oA A A A = A 10.2 illion metric tonpes in EY.2018 jo 13.7 illion
tayS ealk dks SvsnsSyos o aWYRTIRITEY el tial VRILE
AINBSGKES o fRIZS SRS 2TayEl yi 7S e g RIS N Yy 018, (R y
. . . _from 2.3 tonnes per hectare to 3.3 per tonnes per hectare
the same aim of tapping the untapped economic potential i
. . and (iii) exports increased from INR 33,442 crwrdNR
of the oceans through the creation of newer frontiers to

A A PRI . 46,5 in FY 2041889 - .
ASNDS (KS s2NIRQa 3INBsAy3 CTRIUENIEYS sLvyrydst yR
Narayanan, 2022). Its vision was to create a conduciveLakra and Gopalakrishnan (2021), in their review of Blue

52d2ofAy3d TFAAKSNEQ |yR FArAak
generating employment.

Social, physical and economic security for fishers and
fish farmers.

4of dzS

TA

h

T

envionment for overall development to attain the full wS @2t dziA2y Ay LYyRAFIZ &adGldsSa Gkl

potential of fisheries along with significant improvements new schemesy I YSt &> taa{, 3 G(KS &ChA
to the incomes of fishermen and fish farmers while ! |j dzl Odzf G dzZNB LYy FNI & 4 NHzOG dzNB 5538
t

maintaining sustainability, biosecurity and environmental & . £ dz§ wS@2f dziA2y ¢ dzy OKSR A Y
considerations. production and productivity along with modern
infrastructure  development, increase employment
generation for youth and women, improve the socio
economic conditions of fishers, augmentations of exports

With the Neel Kranti Mission coming to a close in 2020, the @nd adopting an integrated approach to marine and inland

newly formed Ministry of Fisheries, Animal Husbandry & fisheries towards responsible and sustainable fisheries and
aquaculture development. It is directed at comprehensive

R ) development of the sector through innovative technology
Matsya Sampada Yoja(PMMSY) in September 2020 applications and policyterventions addressing the critical

with an estimated investment of INR 20,050 crore for a JELA Ay ly26tSRIST (SOKy2f238

period of 5 years from FY 2020 to FY 20225 in all states recommend that special emphasis is given to increase the
and Union Territories (UTs). The PMMSY aims to double thedomestic consumption of fish and shrimps through

Pradhan Mantri MatsyaSampada Yojana (PMMSY)
2020

Dairying launched its first scheme, tiff®radhan Mantri

39 Sourced fromhttps:/pmmsy.dof.gov.in/
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innovative marketing strategies based on the success! A0KSYS yIYSR &{dzZLJLRNIAYy3I 5 AN
stories of the poultry and dairy sectors. Farmer Producer Organizations Engaged in Dairy Actévities

(SDCFPO) was approved to provide working capital loans to

state cooperatives and federations along with providing

In order to ensure the quality and food safety of milk and stable market access to the dairy farmers. The scheme has

milk products across the country, on 23rd December 2021, 6 2 02 YLR y Sy (G a vy I YWhikiag capRay L2 y Sy i
the Department of Animal Husbandry and Dairying, aftert 2 'y | Yy R / 2 Ivtedesys8hydntioritan @orking

extensive stkeholder consultation, launched a unified O LA GFE €t 2Fyd ¢KS ag2NJAy3 OF LI
G/ 2y F2NX¥VAGE 1 aasSaayYSyld { OK ReptSr spspenkidndor K¥a 20R2 i ardéBth pravile A G& 1 AY
certification scheme for the dairy sector and it was chalked interest subvention on working capital loan. This

out by the Bureau of Indian Standards (BIS) with the help ofcomponent will continue during FY 2022 to FY 20226.

the National Dairy DevelopmenBoard (NDDB). The The productscovered under the scheme for availing

scheme is a significant step towards simplification of the working capital loans are skimmed milk powder (SMP),

certification process and creation of an instantly whole milk powder (WMP), white butter and ghee. The

recognisable logo for the public to be reassured about the Union Cabinet approved implementation of SDCFPO as a

quality of a dairy product. The scheme is expected to part of the umbrella schemé L y ¥ NI & (G NHzO (G dzZNB 55 @S
increase the sas of milk and milk products in the organised FurR drom FY 20222 to FY 20286 with an outlay of INR

sector, enhance incomes of farmers and develop a quality500 crore (DAHD Annual Report, 2€22).

culture in the Indian dairy sector (BIS, 2021).

Conformity Assessment Scheme 2021

The Ministry of Fisheries, Animal Husbandry and Dairying

National Programme for Dairy Development (NPDD) has setup dedicated infrastructure development funds for

2021-2026 each of the 3 sectors that fall under its\ﬂzS Y GCAaKSNRSa |
Ilj dzt Odzf G dzNB Ly FNIF ad NHzO dzN;s 58508

This scheme was launched in February, 20314 the G5FANE tNROS&&AY3 9 LYTFNI adNHOG dz
Department of Animal Husbandry and Dairying after _ HAHOE I YR G YAYLE € | dza ot Yy RNE

merging three schemes of this department namely the i) g & G5t 2SSyl CdzyR Hnmyéd® CKAA 61 a

GLYGSYy&ardS 5FANE 58 (@IE]PE Y %MIt%d availdHiGy Nf]fu\ﬁdgh%% h the normal budgetary

G{ONBYIUIKSYAYy3I LyTFNI &dNHOG H?&‘@ss 1Ack HbretilRindirfy, '“bﬁd inBrdef t i fhdlargd A T 1
t NB RdzO@IR2afic CMP) and iiij ! iatdnce to gaps in infrastructure in each of these vital sectors.

/ 2 2 LIS NJA foAC Bith the objective of creating and

strengthening the infrastructure for the production of National Mission on Edible OHEIl Palm (NMEGDP)

quality milk including cold chain infrastructure, 2021

pro;ureim(_err:., procteslsw;gnan(:] marketing O: mltlk a;d _mllk India is one of the major oilseeds growers amgorters of

products, This cenlral sy scheme was restuclured Wi g g (s aata® LyRAt@a 6838GHo(S
anafocation o crore from ° largest in the worlé’. During the FY 202B1, India

26. T
6. The NPDD aims to enhance the quality of milk and mllkmported 13.35 million tonnes of edible oil, out of which the

product§ and w;crea:z.:_he shzzre of irgzgnls:dh procursment share of palm oil was around 56% (PIB Release ID: 1776581,
processing, value addition and marketing. e nas 2021). Withthe objective of augmenting the availability of

two components: Component ‘A" focuses on . - . . .
tinast theni infrastruct ¢ it ik edible oil in the country and increasing crude palm oil

reating/stren ning infrastr r r ity mi . . -

creating/strengthening astructure for -quality production to reduce the import burden, the Ministry of

testing equipment as well as primary chilling facilities for | INR Odzt Gdz2NB FyR CHNNSNE 2 8t Fh NB

tge Stege fﬂ"_ﬁ’(pe;a“‘(;e D?"{J _Fe/‘;i:g“o”/ _D'ts“'d Mission on Edible Oih A £ t | f YO) indNowerabier
ooperative M roducers nion nrprivate 2021. Under the mission, the government will provide

dairy/milk  producer  companies/farmer  producer . . - . .
o . i . assistance for planting material, inputs for intercropping up
organizations; and Component 'B' provides financial . . .
to a gestation period of 4 years and for maintenance,

assistance from the Japan International Cooperation

A JICA the alread p . establishment of seed gardens, nurseries, micro irrigation,
enc as per the already signed project agreemen

gency ( )asp y sig proj g tbore well/pump  set/water  harvesting  structure,

The central government share in tlgigoject is proposed to . . .
vermicomposting units, solar pumps, harvesting tools,

be funded through the NPDD (DAHD, 2021). -

custom hiring centre cum harvester groups, farmers and
Supporting Dairy Cooperatives and Farmer Producer officers training, and for replanting of old oil palm gardens.
Organizations Scheme (2022026) The total approved cost of the NMEQP is INR 1040

40 Sourced fom: https://nmoop.gov.in/Introduction.aspx
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crore, out of which INR 8844 crore is a central share and INPf global food manufacturing champions commensurate

2196 crore a state share. For FY 202l atotal of INR gAGK LYy RAI Q& yI GdzNIf NBaz2dz2NDS

10,422.69 lakh has been approved for various state annualindian food products brands in the international markets

action plans (PIB Release ID: 1776581, 2021). with an outlay of INR 10,900 crore and with an
implementation period of six years from FY 2&@2Lto FY

Tea Development and Promotio Scheme (TDPS) 202627 (MoFPI, 2022). The objectives of the scheme are as

202126

India is the seconthrgest producer of tea after China and
is among the top 5 tea exporters in the world. The Tea
Board of India was established under the Ministry of
Commerce and Industry to look after the production,
developmentand export of tea from India. In November
HAHMY (GKS D2@SNYyYSyid 27
ae¢St 5839St 2LIvSyi FyR t NBY
implementation during the 15th Finance Commission 2021

26, with a financial outlay of INR 967.8 crore. Apart from |
improving the overall production, productivity and quality

of Indian teas, this scheme especially focuses on
development of small and marginal tea farmers, explores
potential of tea grown in the North Eastern states and °
encourages research and developmemidatechnological
innovation. According to the Confederation of Indian Small
¢S DNBSSNEQ ! 4a20AL0Az2Y

LYRAF I

6/ L

follows:

Support food manufacturing entities with stipulated
minimum sales, willing to make minimum stipulated
investment for the expansion of processing capacity
and branding abroad to incentse the emergence of

strong Indian brands. L ~ .
LILINR SR GKS ¢Stk . 21 NRQ&

SUpPEH yereatl({)no ff sgjogal (food ymanyfacturing

champions.

Strengthen select Indian food products brand for global
visibility and wider acceptance in the international
markets.

Increase employment opportunities off-farm jobs.

Ensure remunerative prices of farm produce and higher

incomes to farmers.
¢l 0 GKAA A& GKS FANRDG

GAYS

As mentioned above, the scheme is applicable to specific
product categories only and minimum sales and mandated
investment apply, which only large firms may be able to
meet. Furthermore, in India, the majority of food producers
are MSMEs who need to scalp conventional products
but they are not eligible for this. Nevertheless, industry
experts feel that the incentives under the PLISFPI are
attractive and will go a lan way in creating largscale
capacities by helping firms manufacture on a large scale

down importsand to provide incentives to domestic firms .
2y AyONBYSyl 1§ 855 GKS usnn%]advanced plant and machlner and (;omRIetln'g gv%h A2y
atl al a a zO U
2(‘;Ic?b rands m |nteP{1at|onaL market

fAY1SR LyOSyGtA@S {OKSYS aAya Ly Rdza ( NB ¢
(PLISFPI). The PLISFPI has been formulated based on thkational I\/IISSIOH on Food Processing (NMFP) (2012
Gt N2 RdzOGA2Y [Améﬁa!u-yéééawjm@ﬁzéa\@Kévé 2F bL¢L
! GYFbANDKEFNI . KI NI loKAGIL LY F2NJ 9yKFyOAy3 LYRAIFUa
ab ydzF b OGdNA Y3 /b LI 0AT AGASE T 9 SOy gopnpryds cogsdpred ippe qritgal ¢ ¢ o
. : for achieving growth in the agriculture sector. Growth of
food processing sector in India includes all segments of
L . . o . this sector is also important as it meets the twin national
manufacturing firms i.e., from micro to large size industries. =~ ] ) .
. - . objectives of inclusive growth and food security. As an
Furthermore, Indh has a competitive advantage interms of =~~~ o
. initiative to enhance productivity of théood sector and
resource endowment, large domestic market and scope for ] A
promoting valueadded products (MoFPI, 2022). In order to also to mak(::‘ it technf)loglcally' advanced, th? G()Avevrnm.:ent .
achieve their full potential, the Indian companies in this 2% LYRAI 6D2L0 fFdyOKSR UKS

. . o . ahaairzy 2y C22R tNBrOSaaAay3s
sector need to improve their competitivadvantage in ) )
. . . . . through state / UT governments during thet1Zive Year
relation to their global competitors in terms of productivity,

efficiency, scale of output, value addition and a need to Plan (201217). The objectives of the NMFP were as follows:

strengthen their linkages in the global value chain. The o ass@ MSMES n s?lng ;:;mogernlsatlor_] of food
PLISFI was launched with the vision to support the creationP'0¢€ssNg units by providing n sed support in terms

of capital/technology/skills etc.; to promote initiatives for

Indian tea history that the Tea Board has launched a
scheme for small tea growers but its success will depend on
sanctim of funds by the Union government and
implementation of the scheme at the grassroéts.

Production Linked Incentive Scheme for Food
Processing Industry (PLISFPI) (2@21to 202627)

In order to boost the domestic manufacturing sector, to cut

41 Sourced fromhttps://timesofindia.indiatimes.com/business/indibusiness/goveyessmalttea-growersuplift-in-5-yr-scheme/articleshow/88264711.cms
42 Sourced fromhttps://economictimes.indiatimes.com/industry/corgroducts/fmcg/plischemein-food-processineto-go-a-long-way-in-creatinglarge-
scalecapacityfmcgcos/articleshow/88148979.cms
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skills develpment, training and entrepreneurship which National Intellectual Property Rights Policy 2016
would meet the needs of both podtarvest management (IPR Policy 2016)

and the food processing industry; to spread the message of _ )
significance of food processing for enhancing agricultural Government support is needed for businesses not only to

LINERAZOGAGAGE | yR Buntyor SNEQ AJOURe I8 teonplogieg fut glso to safequard their

techrological inventions with effective IP protection. In
The NMFP was taugment the capacity of food processing  vay 2016, the Department for Promotion of Industry and
by the adoption of new technologies afdproving the | v G SNy f ¢ NI RS 65t LL¢U0 NBffSR 2dz
quality of food products as per national / international | v § &t t $OGdzZ t t NPLISNIie wAIKGA OLt
standards. It also aimed to reduce wastage of agricultural ¢reativity and to implemena strong IFed innovation
produce, infuse newechnologies, and upgrade human y a2 RSt & t N2EF® {dzyAf alyAS Ay KAA&
resource capacities to provide impetus to the development { 2 ¢ x 8 wnamcY b2d o6FaSR 2y SOARS

of the food processing sector in the country (MoFPI, pefore the IPR policy, India had a functioning legal regime
2015). However, in 2015, the Gol delinked the NMFP from ity individual acts on patents, trademarks, designs and
central government support and it was left to state geggraphical indications, all of which were suitably
govenments to decide whether to continue (or not) with  5mended over time to comply with TRIPS (Agreement on

the NMFP scheme out of their increased resources resultingryageRelated Intellectual Property Rights) (Mani, 2016).
from the recommendations of the ¥4Finance Commission | § 2y iSyRa GKI G a&2YS YSI adNB &

(MoFPI, 2015). laudable but the policy objectives armt evidencebased
MSME Champions Scheme (2622 to 202526) and are tailormade to suit the requirements of the western
A2 SNy YSyihiadé 1S FdzNIKSNI F NHdzS &

The Development Commissionerte Ministry of MSME  should rather be spending time and money on improving 5
Kba o055y AYLIESYSYUAy3 UKS fd pbkofrartte df haleht Dfficed that-HrellUnderstéfrdgd a A R €
FyR ¢SOKy2tz23e | LJANITES) Uk 2 Yang {udd&ianteP feadity/ tb /mbjor delays in patent
promoting competitiveness amongst MSMEs by way of gpproval in the country.

wastage reduction through lean manufacturing, design ‘ ) . o
improvement, building aw@ness on intellectual property It is evident that India has been taking a decisive stand on

NAIKGAT (KS a%SNE 587500 wRAIGHS Qe akagiaoe gf danesc manyfRckiprs, bUit w5 35 ¢
empowerment of MSMEs and facilitating adoption of latest needs more such incentive programmes, with effective and

technologies in manufacturing through Incubation across widespread implemetation. India has built pockets of
India. CLGEUS was operational till March 2020 atie knowledgebased growth but has not yet translated this

Ga{a9 /KFEYLA2ya {OKSYSe KM @ Breader econamiG, madel. ;Astigns tospromote
merging all these components of erstwhile COTS for a knowledgebased  economies  will  require  strong,

period of 5 years, 20222 to 202526 in the specified 51 coordinated government policies coupled with investment
sub-sectors, including the food processing sector. This newin ICT (ADEZ014).

scheme has 3 components: MSMHstainable (ZED)

Certification, MSMEompetitive (Lean) and MSME

Innovative (for incubation, IPR, Design and Digital MSME). The global industrial automation market is predicted to be
dworth US$ 297 billion by 2026, with food and beverage
applications making up 11% of the market. Food is

wastages, sharpen kiness competitiveness, and facilitate considered to be an inherent factor and a strong backbone
global reach and excellence. However, according to theOT economic growth f9r any countriDeloitte, _2018)' The
GHommm L yydZd £ wSLER NI 2F  § K SIVESE P piiadiancylturg ang ghanging gopgumer
expenditure on all 3 components of the MSME Championsdemands further add complexities in the food production
Scheme remained miniscule with the MSME ZEDand distribution of the country. These changes are shaping

certification component witnessing nil expenditure out of the Indian food and beverages sector by creating
the budget allocated? disruptions inbusiness models, changing the modalities of

communication or interaction with consumers and
NBalLl2yai@dSySaa G2 GKSANI ySSRao
FdAYSyid LINRPOSaaAiAy3d fS@Sfta (KNP
LYRAL ¢ ' yR Ly Rdza i NB nonQa NE f

The main objective of the scheme is to pick up clusters an
enterprises and modernise their processes, reduce

43 https://www.financialexpress.com/industry/sme/msmeodb-msmeministry-releases2021-22-annuatreport-expenditureon-multiple-schemesremains
minuscule/2440274/
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manufacturing as well as supply chain and distribution minimising the cost and wastage of perishable produce due
landscape through technologies (Internet of Things (loT),to overstocking (Ceolnsights, 2022).
block chain, predictive analytics, etc.), the food industry in

o . ) ) . In October 2018, India took a big step towards shaping the
India is expected to witness a radical shift (Deloitte, 2018).

future of emerging technology policy with the opening of

Food processing opations can greatly benefit from the its Centre for the Fourth Industrial Rdution in

application of Industry 4.0 technologies by improving collaboration with the World Economic Forum (WEF). The

traceability, food quality and safety, predicting sensory and National Institute for Transforming India (NITI) Aayog was

consumer preferences, and by minimising errors, cost, time appointed as the designated nodal agency to interact with

and wastage. Industry 4.0 allows firms to iopise their the WEF for elaborating the new policy frameworks for

level of operations (i.e., equipment, manufacturing emerging technologie Since then, the Indian government

operations management, business systems) by minimisinghas been working on creating an enabling policy framework

the error in the whole process. It allows a company to make and setting up incentives for infrastructure development on

better decisions on large volumes of data that are being a PPP (pubhitIJNRA @I S LI NI ySANBRIM L0 Y2 RS
produced at differenlevels of production and to find out Udyog Bharat4.® A& | Ff | 3aKkislydfy A GA L G A ¢
the entire performance or efficiency of the operation so Heavy Industry & Public Enterprises, Government of India,

that timely solutions can be initiated whenever an issue for the promotion and adoption of Industry 4.0. The

arises. experiential and demonstration centres for Industry 4.0

have been proposed to spread awareness amongst the

Indian manufacturing induses. Five centres of Industry

4.0 having a unique identity for spreading awareness and

branding have already been sanctioned under SAMARTH

easier for the sector to face unique challenges in . )
. . Udyog. It is emphasised that these centres would have
production, and operations. For example, the Food Safety i
resource sharing, common platforms of Industry 4.0 and

and Standards Authority of India (FSSAI) is exploring the . A . L oA
. networkSI OK 2 U0 KSNX2a NXaz2dzZNOSa F2N Yl
possibility of usg Industry 4.0 technology tools such as

. . . this initiative, government, industry, academic institutions,
blockchain and machine learning to ensure food safety and d indust iati h ined f ‘ .
. . : . . nd industry associations have joined forces to promote
quality** The FSSAI is also coming up with an online Food y o J i ) p.
. . digital transformation in manufacturing with an aim to
Safety Compliance through Regular Inspections and

Sampling (FoSCoRIS) mobile app, which will tegnon prqpagate techn_ologlc.al solutlgn to all manufa_ctunng
. . L . . units by 20256 With India assuming the G20 Presidency on
reaktime basis, onsite inspection carried out by food safety

) . . 1st December 2022, use of Industry 4.0 in sustainable food
officers as per the inspection check#&tindustry 4.0 can . . . ]
. . ._systems will be one of the key issues discussed at G20 this
also help the food and beverages sector in establishing

- . L ear. Even though the concept of Industry 4.0 may s&em
connectivity between production facilities and distributors y 9 P y y

. L - have greater applicability in advanced technological

so that poducts get to market quickly, maintain an efficient g A PP ) y 9
. . . __industries like automotive and aerospace, the food and

supply chain, optimise resources, and reduce cost and time o

. beverages sector can also significantly absorb the
gaps. It offers a great opportunity for the sector to study . ) ;

. . . advantages of the fourth industrial revolution. Currently,

and predict consumer behaviour and accordingly adapt to

. L this sector is facing a competitivavironment thus, firms
changes and technological whcements to minimise the ) ) )
Lo . N . that apply the strategies of Industry 4.0 will not only survive
limitation on supplyside. It can simplify operations and

- . . in this competitive environment, but will also prosper with
enhance efficiency as the le&habled solutions give a q i ¢ duci bett
. L ) improved operating performance, producing a better
variety of logistical benefits for food and beverage p. P g P ) P 9 )
. ) quality of food, an increase in market share, and higher
companies. Connected devices can also support the food ) )
. . . . shareholder value. The revolution will not only help the
and beveage manufacturing industry by increasing | ) )
. . . : . industry to grow but also will allow their workforce to
efficiency and improving business processes while also . i . .
. . . . enhance their skills by getting their hands on new
working to prevent machine downtime and expensive

) . . technology. It must be noted that technolo and
issues. Further, the 10T can provide simpler, smarter and, ) 9y . o gy.

. . . . innovation are not enough, enabling poéisiand a skilled
more intelligent inventory management solutions tu

workforce that can respond to the changing needs of the
sector is also needed.

The food and beverages sector can truly leverage the
potential of Industry 4.0 by using it tenhance quality,
productivity and food safety compliance, thus making it

44 https://retail.economictimes.indiatimes.com/news/foedntertainment/food-services/fssamullingusingnext-gentechnologytools-to-ensurefood-
safety-quality/84823068

45 https://foodregqulatory.fssai.gov.in/foscris

46 Sourced fromhttps://www.financialexpress.com/industry/industrg-0-technologythe-key-gamechangerfor-indianrmanufacturingsector/2199098/
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Development of course curriculum for training modules
and its translation in English, Hindi and regional
languages.

LYRAIQa F22R LINROSaairy3a aso0drasanteifor zrgafion dffinfrastku@uref faciitBsSfar i Ay

world - its output is expected to reach US$ 535 billiorRYy skill training centres.

202526 and it is expected to generate 9 m||||9n obs by _Guidelines of the scheme are being finalised and proposals

2024 (IBEF Report, 2020). The food processing sector is P
i . . ) shall be called for upon its finalisation.

considered to be a powerful engine for job creation and

inclusive growth in the country. The policymakers have The  National Institute of Food  Technology

identified it as a key sectdn generating employment by ~ Entrepreneurship ah Management (NIFTEM) and the

encouraging labour to shift from agriculture to NIFTEMThanjavur (formerly Indian Institute of Food

manufacturing. The food processing industry provides Processing Technologgje two research and educational

plenty of opportunities because its collaborative structure institutions of national importance formed under the

consists of agriculture and industry (Meeta, 2007). It MoFPI for conducting programmes/courses on skill

increases mployment, gives remunerative prices to the development ancentrepreneurship for the youth, farmers,

farmers, ensures value addition, provides opportunity to Selthelp groups and industry. These institutions also

diversify, curbs migration, tackles food inflation, and undertake entrepreneurship development through

NBERdzOSa ¢t adl3asaed LG |t az siling/camurity Bujiding, putreach programmes ang village NI S NE Q

incomes (Mehta, 2012). adoption programmes. The MoFPI has also included a

moRdzt § 2y WOYGINBLINSYSdzNEKALIQ Ay i

all the job roles. Similarly, the National Agriculture and Food

Analysis and Research Institute (NAFARI) is a Gol recognised

research institute, business incubator and training institute

established ir2002 and promoted by Consortium of Food

Though India is dabourintensive economy, the biggest

challenge to its growth is the lack of availability of skilled
manpower which in turn poses a challenge to its growth
and global competitiveness. The Ministry of Food

Processing Industries (MoFPI) is working in closeInolustry & Trade (COFIT) and Mahratta Chamber of

O2t {102 NI Hobd Wdustiyr Gaacina and - Skil Commerce, Industries and A?culture 7EI\/IfCCIA) Pune, with

Lnltlgtlves O, cL/ t{ Lo i e Kd;\ OthK A E,l l}; th{ ssur%grt?byll\lfhe{Mtl‘nét;y Bf Fo/o Pdr%}ée%sing Ind%étrits/, é’mallT 2NJ UK
0_0_ processm.g sector working uncer fhe aegis (_) .e Industries Development Bank of India (SIDBI),iddat
Ministry of Skill Development and Entrepreneurship, in

larl i d astiisg it i hieving it dat Bank for Agriculture and Rural Development (NABARD) and
reguary gl_“ nd an (?S m;g_l n a(.: 1eving 1ts man. ?_e'_ the United Nations Industrial Development Organization
The FICSI is engaged in various skill development |n|t|at|ve?UN|DO) The NAFARI provides services to the food industry
f | inistri ith L o . . -
© (.:er;trr?l /stlate gct)v?rnment and ministries, either as atand its supply chain (including food analysis, training and
projec |rr_1r|c:1emtla:rl1;18||onhagen<_:y OJ as an Zssessn;en education, and condtancy services related to product /
agency. . © . as signe maam.orarj u.m ° process development, etc.) These services are made
understarding (MoUwith knowledgebased instittions to available across India and also to NAFARI clients from

h I f lification Pack P . .

support t fa_deve opment of Qual |(?at|on acks (Q TS)’ overseas. Thus, the NAFARI has established a rich network
create training and course materials, promote skill of various knowledgased institutions, industry, supp

development and skill transfer at both the national and . . . .

) ) . ) chain of raw materials, processed materials, machinery and

international level. The MoFPI is helping tceagthen the . L .
other auxiliary needs of the food processing industries.

FI(?SI .by helping in all pos&ble ways 1o complete t,heRecent trends in technological advancements and
validations of QPs for each job role developed and is helping

. . globalisation warrant similar efforts to stimulate skill
in the development of the course curriculum through the . .
) . _ development through collaborater multistakeholder
National Institute of Food Technology Entrepreneurship . . . .
o actions and partnerships across the public and private
and Managemen{NIFTEM), an institute under the MoFPI. sector
Regular meetings with all stakeholders to review the '
progress (MoFPI, 2017) are also conducted by the MoFPIIn conclusion, the food sector in India has enormous
UnderPradhan Mantri Kisan SAMPADA Yojatitae MoFPI  potential in terms of generating employment and
has formulated a scheme for developing skilling enhancing income through value addition due toeth
infragtructure and the development of course curriculum availability of resources, labour, technology, demand and
with a budget outlay of INR 27.50 crore from FY 20870 Tl @2 dzNY 6€ S o0dzaAySaa SYyOGANRYYSY:
FY 20120. The scheme has two components: development is significantly defined by the food processing
sector because of the vital linkages and synergies that it
promotes between the twopillars of the economy-
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manufacturing and agriculture. Even today in India, 70% ofproduce by making huge investments and technological
its rural households still depend primarily on agriculture for upgradation. As the manufacturing sector in India is moving
their livelihoods. With 82% of farmers being small and towards Industry 4.0, it is said that food and beverage
marginal, agriculture is still the largest sourcdieélihood manufacturers are likely to benefit from the
in India (FAO, 2022). Thus, development of the food sectorimplementation of Industry 4.@nore than most industries
will bring enormous benefits to the economy of the country (Deloitte, 2018). However, mulstakeholder collaboration
by enhancing the efficiency and productivity of agricultural is required between government, firms/companies,
produce, increasing agriculture yields and enhancingresearch institutions and industry bodies for promoting
employment aml income opportunities throughout the Industry 4.0. Therefore, the government needs to monitor
country, especially in rural regions. Over the years, the the diffusion of digital technology and innovation in the
government has taken various initiatives and formulated Indian food and beverages sector, promote its adaptation
several schemes and policies for this sector to maintainto local needs and scalgp successful implementation.

food security, enhance the efficiency and prativity of
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wSadzt ta [YyR !'yYylIteaaAa

This chapter sets out to analyse the results of fledian ~ Policies are at highlighting either the convergence or

N . L divergence between the results and what is articulated in
Food & Beverages SSI SU@¥BSSI) using a combination 9 ) ) . ) ) )
o . . . ) governmen policy. With this in mind, this chapter aims to
of univariate and multivariate analysis which provides a

. . . highlight the avenues that need attention within the IFBSSI.
strong empirical foundation. The frame of analysis can be

divided into the following sections. Firstly, the

characteristics of the survey are described in terms of the

composition of the sample and its respondents. This is The composition of the actors in the IFBSSI has been
followed by a comprehensive analysis of the detailed in the fiSurvey Methodolog section. In this
relationships/linkages between the actors of the system. section, we will disass the characteristics of the IFBSSI
This then leads to the elucidation of the barriers that exist gyryey that are described in terms of the composition of the

within the food and beverages systemiahovation, and  gample and its respondents. Table 3 below shows the actor
those that are most predominant for each actor group. This gistripution and response rate.

is also linked to the question of how successful existing

: Indianfood & beveragesSSt Corvenient sample, data collected and responsates.

Firm Nonirm
Total Number of Noi#fFirm Actor
Industry Total
Data Response Data Response
Sample collected rate Data collected Sample collected rate
4206 2713 64.50% 12 6 74 26 200 118 59.00% 2831

The overall response rate of the IFBSSI Survey is 64%. Adgure 8 below shows the ownership structure of firms
shown in Table 3 above, the response rate of industry issurveyed. Out of 2713 firms surveyed, 2709 are
65% while the response rate of ndinm actors is 59%, out = domesticallyowned and only 4 aréoreignowned firms.

of which intermediaries account for 63% of the data
collected in the noffirm category, followed by
arbitrageurs, government and KBIs at 22%, 10% and 5%

. Ownership structure of firms
respectively.

Figure 7 below summarises the distribution of respondents 0%
by actor group, with the majority belonging to industry at
96%, followed by intermediaries, arbitrageurs, garaent
and KBls.

: Ownership structure of firms

Foreign
m Domestic

: Actor distribution of respondents

Actor distribution of respondents

0% 3%1%

0% m Industry . . L )
Figure 9 below shows the size classification of the firms
DGR surveyed. It is important to know the size of firms that
KBI participated in the survey as it catetermine the level of
Intermediary innovation, internationalisation and adoption of emerging
-~ Arbitrageurs technologies. It can be seen from the figure below that the

majority of the firms surveyed belonged to the micro size
category, followed by small and medium size firms. Large
size firms constitute only 4% of the total firms surveyed.



: Size classification

Size bin classification

4%

’ 16%

46%

34%

: Industry ¢ Affiliation

Industry - Affiliation

m Large
= Medium
Small

Micro
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The following figures depict the distribution of respondents
by affiliation for eachactor group. Figure 10 below shows
that the industry actor group is made up of 2403 identifying
4 WCANNQ o6ydi>0 YR omn | &
depicts KBI affiliation comprising universities and public
research institutes, the majority being unisdfes.
Subsequently, Figure 12 shows that intermediaries are
composed of public institutions supporting technical
change (ISTCs), incubators (academic, corporate/private
and government) and industry associations. Arbitrageurs
are composed of banks, angeletworks and venture
capitals while the government comprises both central and
state governments and the majority representation has
been from state government agencies. This is outlined in
Figure 13 and Figure 14, respectively

: KBIg Affiliation

KBI¢ Affiliation

11%

m Firm

89%

Firm OBM

83%

Public Research Institute m University

YCA N
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: Intermediary ¢ Affiliation

Intermediary ¢ Affiliation

19% S
7%
1%
55%
Academic Incubator Corporate/Private Incubator Government Incubator
m Industry Association m Public ISTC's

: Arbitrageur ¢ Affiliation

Arbitrageur- Affiliation

m Angel Investor mBank m Venture Capital

: Governmentg Affiliation

Governmentg Affiliation

25%

Central Government m State Government

It is important to get further clarity with respect to the at the firm level. Figure 15 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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: Types of manufacturing

Types of Manufacturing Activities

P& K |
Handling and Stor i e H———

Processing - co0Ki n
Extraction |
Processing - fermentation H
Processing - dehydration
Preservation - refrigeration
Canning I
Preservation - dehydration I —————
Frozen packaging m—
Processing - distillation n—
Preservation - chemical actiormm
Aseptic packaging
Design of machinery mmm
Preservation - antibiotic sterilizationmm
Manufacturing of machinery i
Preservation - radiation sterilizations

0.0% 10.0% 20.0% 30.0%

The majority of firms surveyed are involved in packing, engagement. The types of linkages indicated include
handling and storage activities. Only a limited number of contract buyer, contract supplier, joint patents, non
firms surveyed are into specialty and highlue pr@essing,  disclosure agreements, trademarking, joint research, co
preservation and packaging segments. publishing,  secondments, licensing  agreements,
procurement contacts, formal meetings, informal
meetings, seminars/training, recipients of funding,

. . . recruitment/placement and joint ventures. This chapter
Before the issue of the linkages between the actors in the =~ i ) ) .
highlights both the major and minor intraand inter

IFBSSI is brought to the fore, it is essential to reiterate the

. ) . relationships as well as strategic interactions that are
importance of linkages from the perspective of the SSI. For P g

. . . . . crucid to driving innovation in the SSI. Finally, those
instance, intheir critique of the linear approach to . ) L L .
. . . interactions that are truncated or missing are highlighted in
innovation, Edquist and Hommen (1999) stress the . . .

. . . . . . order to better understand and articulate interventions
importance of interactive learning and innovation

S .. that need to be undertaken to bolster the SSI.
networks, for which linkages between actors are crucial
(OyelararOyeyinka, 2005). Cavalcante (2011) articulates In general, it can be seen froRigure 16 that the majority
that interaction between agents through formal and of relationships are in proportional terms between the
informal linkages can take the form of: joint research and actors in the sectorial system of innovation. Firstly, in terms
publications; personnel exchanges; patents and licenses;of the number of respondents, the actors who participated
the purchase of equipment, or the transfer of particular (in order of magnitude) are industry, intermediary,
technologies or methods. In thisght, the analysis arbitrageurs and financial institutions, government
conducted is twofold: an understanding of the type of followed by knowledgdased institutions. The low
relationships that are present and who initiates them. representation of knowledgéased institutions is due to
data collection being undertaken during the height of the
COVIBL9 pandemic and faculty being $&d at home.
The next point of analysis is to determine which type of LY Rdz& 4 NB  OG2NE KIF @S GKS A2y W
engagement occurs when an actor interacts with players i government and intermediaries. Intermediaries mostly
the system. This can be broken down in terms of irdirad interact with themselves and the government. Financial
inter-relationships. Each respondent was asked to list other institutions and arbitrageurs primarily interact with the
actors  (industry, government institutions, KBIls, government. The garnment is seen to mostly interact
intermediaries, arbitrageurs and financial institutions) their with themselves, and knowleddeased institutions
organization engaged ith and the respective type of primarily interact with themselves and intermediaries.

Type of Linkage
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: Ecosystem relationships

Food & Beverage Ecosystem Linkages

W no H GovT KBI INT B ARB

LT
|

Sankey diagrams (refer tBigures18, 19, 21, 22 and 23 Knowledge transfer through formal araformal meetings

below) have been used to display the types of relationshipstakes place in the provision of formal trainings for example
(intra- and interlinkages) between the system actors,form a2 G KSNJ 5 ANEX Ly RAlFQa € SIFRAy3
the perspective of each actor. The diagram is composed ofan agreement with Ramco Systems, an enterprise software

two distinct sections. The lefiand side of thediagram product company focused on delivering enterprise
shows the specific system actors being engaged from theresource fanning (ERP) on the cloud, to connect its
perspective of a selected actor, as well as the number of extended network of 30+ suppliers with an etedend ERP
interactions. This provides an indication of who is that can seamlessly integrate with its existing system
connected to whom. applications and products (SAP). Additionally, information

From the righthand side of the diagram we can see the sharing takes place through annual meesira suppliers.

varioustypes of interactions, as well as the total cumulative Formal meetings also contribute to the process of sharing
number for all actors engaging in these types of information, exchanging and developing ideas, as well as
interactions. However, the specific number of interactions expressing disagreement, and managing conflict (Shasitall,
for each actor are not represented in this visualisation. 2022), however this mechanism indicates there is a
structured appoach with a focused agenda. Whereas

. . . .. informal communication is crucial for idea generation and
complex network of relationships and linkages that exist . o ] ] )
the timely transmission of information (McAlpine, 2017),

within a particular sector. It can help identify knowledge . i
L the combination of both formal and informal channels of
and resource flows between actors, thus making it a useful o ) . )
. . communication greatly boosts innovation (Grimp&da
tool for understanding the dynamics of the sector. .
Hussinger, 2008).

Overall, the Sankey diagram offeauable insights into the

The supply chain of the Indian food and beverages industry
involves five stages: inputs, production, procurement,
processing and retailing. The food processing industry is a
Intra-relationships key step in the value chain and it is broadly categorisea int
two segments:

Figurel8highlights the industry intraand interlinkages.

With respect to industry actors, the major intra
NBtFGA2YyaKALA FNB  WCZ2NXYI . pyikad lUphlodedsthd whichy iRclude¥ Loyt 2sidpé Fof
YSSUAY3IaQX F@ddice éefatlonsiaps in 4z S NJ processing like cleaning, grading, sorting, packing etc to

Y A

fom2 ¥ W/ 2y N} OG& 0dz& SNR -y R Whake/inkNbdadisdit fod HaRdnEohsEMRR. Fifigh&d dza S NJ

producer relationships related to the production process, products in this case include packed milk, fruits and
given the size representation of firms in the sample, largely vegetables, milled rigeflour, pulses, spices and salt,
focus on primary processing and packaging. and are largely unbranded.
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Valueadded processed food (secondary/ tertiary chocolates and alcoholic beverages. These products
processing), which includes dairy products (ghee, undergo a higher level of processing to convert them
cheese and butter), bakery products, processed fruits into new or modified products.

and vegetables, juices, jams, pickles, feationery,

:'Main processing steps

Product Primary processing Secondaryprocessing Tertiary processing

Milk Grading & refrigerating Cottage cheese, Cream, Processed milk, spreadable fats
Simmered and dried milk  (butter and cheese yogurt)

Fruit & vegetables  Cleaning, sorting, grading & Slice, pulps, flakepaste, Ketchups, jams, juices, pickles,
cutting preserved & flavored preserves, candies, chips, etc

Grains & seeds Sorting & grading Flour, broken, rice, puff, mal Biscuits, noodles, flakes, cakes,
& millingoil cakes namkeen sunflowergroundnut,

mustard, soya, and olive oll

Meat & poultry Sorting & refrigerating Cut, fried, frozen & chilled Readyto-eat meals
Marine Chilling & freezing Cut, fried, frozen & chilled = Readyto-eat meals
Beverages Sorting, bleaching & grading Leaf, dust &owder Tea bags, flavored coffee, soft

drinks, alcoholic beverages

Source: Various Industry Resources

Figure 17 above highlights the main processing stepssubcontinent’. Similarly, the Confederation of India

involved. The useproducer relationships found in the food  Industry (Cll) has been organising Foodpkoy RA I Q& 06 A Sy Yy A |l

and beverages sector include migration from primary to event on food processing, packaging and food technology
tertiary processing, then further on to packaging. since 199%.

In specific terms, there are obligations for large firms to Such channels provide ideal opportunities for the industry
procure from licensed vendors which sets a certain quality fraternity to interact with each other, give them a platform
requirement. This in turn has ac¢kledown effect through  to voice their issues and concerns, thus providing the
disseminating knowledge on standards, quality, materials association with the means to communicate this to the
and hygiene practices. government and guide discussions and decisions affecting

. . the sector.
Inter-relationships

o o ) . . The Ministry of Food Processing Industries (MoFPI)
When examining the collective inteelationships with

other actors of the system, the most prominent
interactions are in terms dbrmal and informal meetings, ~Formalization of Micro Food Processing Enterpfsen
seminars and training, as recipients of funding, licensingpartnership with the state/ UT governments with the
agreements and trademarking. objective to build the capability of microenterprises in the
unorganised segment of the food processing industry and
promote formalisation of the sector. To obtain these
challenging targets effective communication and
knowledge transfer are key. A core component of the
initiative is capacity building.

launched a pan India schemealled fiPradhan Mantri

When examining the relationship between industry
associations and industry there is a clear indication of the
transfer of tacit and cofied knowledge between
manufacturers with their industry associations. For
instance, Annapoorna- ANUFOOD conference and
exhibition on the food and beverage trade and retail With respect to seminars and training, the knowledgebase
market, which is jointly organised by the Federation of is seen as a prime stce of technical knowledge. Thus, the
Indian Chambers of Comnuar & Industry (FICCI), Ministry knowledge transfer between the knowledgebase and
of Food Processing Industries and Koelnmesse YA Traddustry plays a critical role in contributing to growth and
fair. It remains one of the most important B2B platforms for furthering competitive advantage of the food and
food and beverage trade and retail market in the Indian beverages sector. A specific example of this is Pertecnica

47 Sourced fromhttps://anufoodindia.com/index.php
48 Sourced fromhttp://ciifoodpro.in/fp/foodpro.php
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which is a unique corporate and online training platform - Imports, exports, customs clearance procedures
offering joboriented training courses for engineering Shipping & documentation, receipts
graduates.

) . . - Contracts management
Food and beverages is one of the largest industries in the
world and India is one of the biggest consumer markets but-  Risk analysi@nd management, sales, inventory and
alsoexports a good number of food items and beverages operations planning
globally. In India, manufacturers are generally concentrated
on the local market and have only recently started eyeing
on the international markets. Robust supply chain
strategies are required for export scess. With this in
mind, training is being offered on industspecific modules
with a complete business cycle right from identifying the
raw materials until delivery to the customer. Specific

modules include:

Industry engagement with financial institutions and
arbitrageurs is primarily in the form of the recipients of
funding. This is a reflection of the formality of the
relationship between firms and fancial institutions,
particularly with the acquisition of loans or credit facilities
from financial institutions. Often this is linked with
knowledge dissemination as is seen by the Expogort
Bank of India (EXIM) which organises virtual business
Manufacturing strategies, product testing research ~ opportunity seminars for industry.

and development, competition analysis, production

) _ i In the case of licensing agreements for impexport
outsourcing, packaging technologies

purposes, firms are required to obtain an Importer
Procurement, sourcing of raw materials, supplier Exporter Code (IEC) from the Directorate General of Foreign
selection, quality control, specifications, standards Trade (DGFT), Ministry of Commerce and Industry.

Mergers, acquisitions, collaborations, joint ventures as Reporting ofrademarking/standards as a linkage between
production planning strategies, product allocation industry and intermediaries is an indication of industry
) . ) interacting with public/private institutions supporting
Data analytics, management information systems, ERF>technical change (ISTCs) for certifications/standards like
packages, software and development BRC, Halal, and HACCP, etc. Additiprialthe food sector,
Design of supply chain, pricing strategies, costtrademarks mostly represent geographical indication (Gl)
containment, sales & distribution, margin analysis, tagging. Darjeeling tea is a globally recognised brand and
financial managemen was the first Indian product to get Gl tag. Interestingty,
date, India has received 365 Gl tagsnd
the numberof foods,spicesand herbs have
toppedthe list4°.

Inventory optimisation, logistics, warehousing, cargo &
freight handling, ensuring product freshness,
transportation route optimisation,

49 Sourced fromhttps://timesofindia.indiatimes.com/lifestyle/food-news/did-you-know-these 5-indianfoods-got-gi-tags/photostory/77354553.cms
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: Industry relationships

Government: 3,234

&

Intermediary: 2,286 ~

v

~ .

X y 4
=Y S
I KBls: 207 v 4
. v &
- -~

Arbitrageur & Fls: 1,156

Industry: 1,047

Figurel9 highlights the knowledg®ased institution intra
and interlinkages.
Intra-relationships

The majority ofintrf Ay 1 F 38a& NB LR NI SR
NBEaSHNOKQ:
However, it is crucial to note the low numberresponses
obtained from knowledgdased institutions during the
data collection.

The level of communication between KBIs indicate that
there is some degree of collaboration taking place between
them. For example, the National Institute of Food
Technology Birepreneurship and Management (NIFTEM)

v o

W{SYAYFINBKCNI AYyAy3Qx I

Non disclosure agreements: 10

Formal Meetings: 2,359

>

Seminars/Training: 1,735

-

Licensing agreements: 766

-

Trademarking: 438 I

Informal meetings: 781 |

Joint research: 50 =

// S N\ Joint Ventures: 7
s \/»V . Procurement contract: 88 =
. -

Recruitment/Placement: 60 =

.\\
\ Recipient of funding: 855

Contracts supplier: 318 |

Contracts buyer: 463 I

resource development, applied research damndustry
oriented innovation. A point of note is the general cost
associated with R&D and whether or not this translates at
the level of Tier2 and Tier3 institutions that are more
resource constrained. What is lacking from the results is the
level of knavledge codification and dissemination through
j@inépublishihgd + NB & Www2 Ay

kYR W{SO2yRYSyiaqo
Seminars and training act as a conduit for the dissemination
of knowledge and information. An example of a successful
platform is NIFTEM and National Institute of Solar Energy

jointly hostinga workshop entitledfiSolar Energy in Food

Processing Industri€s Such strategic initiatives have
contributed to knowledge exchange in the areas of
microbiology in food safety, integrative concepts for mass

and the College of Agriculture and Life Sciences at Comelpersonallsatlon of nutrition, export  challengesnd

University (CALS) signed a memorandum of understandin
(MoU) in January 2008 to collaborate in the fields of human

dnitigation strategies.
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Secondments can act as a tool to increase knowledgeconducting training sessions for the Food Safety and
translation and help in developing a shift in organizational Standards Authority of India (88lI) officers.

lture. Th d 120 C ils f ientifi d . . . .
cu ure. ere are aroun ouncils for Scientific an From the perspective of knowleddmsed interaction with
Industrial Research (CSIR) and Indian Councils of

other system actors, the combination of formal and
Agriculural Research (ICAR) institutions in the country and .

informal mechanisms of interaction enables the dissolution
mobility of human capital takes place in the form of

S of organizational rigidities to some extent and better
institutional transfers. . . . .
exchange of ideasyhich may then be formalised in terms
Inter-relationships of formal transfer mechanisms like licensing and the
acquisition of patents (Jensen and Thursby, 2001; Thursby

A:]?:g the tcollectlr\]/e |nteretlat|onsr.1|pstW|.tht othe: actors and Kemp, 2002), joint research (Cockburn and Henderson,
of the system, the most prominent interactienare 998) or Qonsultlng Thursby et al. 2007). This i

W{SYAYINEKCNI AYyAy3IQS wczNJ@EtSYLJfS; l$< LY T2k

Yj S lf ; y 3 ?IQ z ¥l ;\ (())S;faapaée);f b3 N‘Béouncn%/ch% ponS|st¥Qf 87 members (\f\fawn (\om |n(§u¥try, 2 ¥
FdyRAy3ae Ly 8 campanyi aclé{d[émla an rezsear‘%h Institutions. It has been tasked with

Vikas Lifecare Ltd announced collaboration with the Indian . .
i . ] ] the articulation of a research roadmap for the next 10

Institute of Technology Vfanasi, Stockholm University of

Sweden, Lignflow Technologies AB and Lixea Compute t0

share the research inputs and work on developing variousW[ A OSy &aAy 3 RINBKSOIYASYiay 2F Fdzy

viable materials like cellulose, lignin and silica from rice highlighted by KBI interaction with intermediaries, with

husk. The objective of this agmircle project isa develop ~ host institutions licensing software and equipment to

techniques to produce new bibased materials from the incubators as an example. Fund flows between KBIs and

natural polymers extracted from farm waste materials and intermediaries can be seen in examples like the Nirma

establish the production process for cellulose from Incubaion Centre being funded by Nirma University. Host

agricultural rice residue using Lixea's Dendritic Process. Thighstitutions like universities provide partial funding {25

project will seeko patronise the production of lignin and 50%) while the rest comes from the state or central

the Indian company will be instrumental in developing a government.

technology to produce nano silica from rice ht¥sk

wS

Another example of licensing agreements between KBIs

With respect to KBI interaction with the government, and intermediaries is the NTEEM pilot plants, which were
W{SYAYI NEKC¢NI AYyAy3IQ | NBhe LINgStROAisyied yoicaper to e needsiof the/feod mdusinkby G G
knowledgebase is acting as a knowledgsource for the  following the disposal and management of solid waste as
government. Seminars focused on skills development andlJSNJ G KS t 2t tdziA2y /2y dNRE . 21 NRQ
awareness building for the government include the NIFTEM

50 Sourced fromhttps://www.bizzbuzz.news/opinion/transforminépod-by-productsinto-usefutraw-materials1176263
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FIGURE9: Knowledgebased institution relationships

¥ Industry: 1

‘Non disclosure agreements: 1 8

Formal Meetings: 5

Licensing agreements: 5

Recipient of funding: 4

Joint Ventures: 1 #

‘Trademarking: 1 #

Contracts supplier: 2 1
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BOX 1: Amui The white revolution in Gujarat
Objective

Founded by a few dairy farmers to eliminate the exploitation by middlemen, Amul has emerged as ldng&sh milk
processorintheworl@L & Kl & KSt LISR LYyRAIFI 06S5S02YS GKS 62NI RQa f
130 million tons annually over the last two decades. The milk production in India is projected to jiaicpt@ 628
million tonnes in the next 25 yeaPs.

Approach

Created in 1946 in response to the exploitation of marginal milk producers by traders who enjoyed monopol
sourcing of milk from farmers, the milk revolution in India is defined by Anand Milk Union Limite¢agggknown as
Wi ydzZ Qo [20FGSR Ay LYRAIFIQa daAafl /FLAGIEE ! yIYyR
their supply and formed a cooperative. Verghese Kurein, a dairy engineering graduate, led the revolution and pio
systems through which producers could participate in their own development and connect directly with end consu

! RSOIFIRS fFGSNE ! Ydz SELIYRSR (2 YIydzFl OlidzNB Ay Tl
technology developed by the Cotihof Scientific and Industrial Research (CSIRhtral Food Research Institute (CFTI
GKFG KSfLISR o6dzFFrFfE2 YAf] dzal 38 Ay AyTFlLyid F22R I
NBIljdzA NEBR 61 & A YL} NI S Rlerdd ansuitatdé refisg digéstiont byfababys Assa reSult, G of
baby foods imported were substituted by indigenous Amul baby food by the F960s.

Outcomes

Amul has brought together research organizations, a novel cooperative model, innovatiig shpm, innovative
packaging (design innovation), processing and testing at different stages, bringing new levels of automation. Tt
model is cited and adopted in many developing economies. Other cooperative federations in India have also bo
from this model.

coordination. In this context,ls is defined as a hierarchical

organization that seeks to maximize vertical coordination at
Figure 2 highlights the government intraand inter  the expense of horizontal coordination. It is inward looking
linkages. and selfcontained with little regard for outcomes other

Intra-relationships

than those which affect its own narrowly cogived goals.

The mainintr Ay | F 354 NBLR NI SR + NBEle Weis QiFY e [pid and fsgpated pgninistrative
WLYT2NNMFE YS8SGAYIaQs w{ Sy PPREMANSY JNd NG5 © pUereme Qr RIPYREIS x Lax Sy

2T Tdzy RAy3Qod

incoherence in government. The problem is not so much

with the structure of silos but with the lack of effective
Due to the complexity of policymaking, the division of coordination mechaisms between them (Scott and Gong,

labour between government agencies makes it almost 2020).
impossible for oneagency to dominate the process. Joint
efforts involving different agencies are essential as is

Government stakeholders in the food and beverages sector

make use of standard channels of communication for

highlighted by formal and informal communication.
Therefore, communication, coordination and mutual
adjustment between these stakeholders and between the
stakehdders and the environment against which policy is
made is required (Flanagan et al., 2011). However, there i
ample literature on silos in government and it often focuses

information and knowledge sharing, such as the Ministry of
Food Processing Industries (MoFPI), in astoniavith the
Ministry of Development of North Eastern Region
S(MDoNER) organising a meeting with all northeastern state
governments to discuss constraints in poor utilisation of

funds under various schemes of the MoFPI. It is conceivable
that organizationarelationships may evolve gradually from

on their failure to engage effectively in horizontal

51 Sourced fromhttps://timesofindia.indiatimes.com/city/vadodra/amutworlds-8th-largestmilk-processomow/articleshow/79516847.cms
52 Sourced fromhttps://www.livemint.com/news/india/indiasmilk-productionto-jump-3-fold-to-628 mn-tonnesin-25-yrs-amulchief
11662989347817.html

58 Sourced fromhttps://www.newstrailindia.com/inner.php?id=3798&cat=karnataka
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cooperation to coordination and then to collaboration. linking groups of producers/ farmers to the processors and
However, as a note of caution this is not the case in silo markets through a wekquipped supply chain with modern
dominated governments, where crossitting issues are  infrastructure.

likely to be resolved, and if at all, at theaperation and . .
s Inter-relationships
coordination stages and may never proceed beyond that.

In the case of funding, the Ministry of Agriculture & On revew of the interrelationships between government

CHNYSNEQ 2StFINB oa2! czo 2d,PRE Systen poopsy e mastpromingny fypes of
Processing Industries (MoFPI) jointly launched a)\ YLA] SNF OUA2y F N5 wC2 NNt fv vS
O2yBSNESYOS  LENIF{ cagds88y AL kYRCENIApRAYIQE - Ta W
Ly FNI &0NHOGdNE CdyRé o1 Lcdd OS5 Y F MaNBG Yy Y SWad 8% na
Formalization of Micro Food Processing EnterprisesWith respect to indstry, no direct linkages were reported,
6taCa90¢é YR at N RKIY al yithsimayrsigdal that tHelsdfeLdhelnls of coth@unigation is
(PMKSY) schemes. The objective of which is to ensurehrough industry associations. The efficacy of this
effective collaboration between all ministee and relationship would need further examination, as it could
departments, improving access to these schemes andsignal a possible disconnect in the government's
creating a positive impact for farmers and srsble understanding of the needs of industry.

entrepreneurs of the food processing industry. L .
P P 9 v The communication between KBIs and the government is

Funds flow between government entities include the related to policy guidance and implementation. Figure 20

central government providing financial assista to state below represents the robust institutional architecture at all

governments for settingip the common facility —administrative levels saip forthedt a C2NX I ft AT GA2Y

infrastructure. Micro Food Processing Enterprises (EM 90 { OKSYS¢ o

¢KS abkdAzyrt C22R tNBOS anEe;(efée C",'“Q"%'“g‘?as R dgpgnal. ?Fa;}eﬁ”‘i' %}SF'?{ [qyes

tNEOSAAAYT / daGSNI { OKSySe U9RAEY qidance) fof implemgntation apdig monitordhe o ¢ 1 4 v
. progress of the scheme Comprising consultants and experts

at the development of modern infrastructure and common

. engaged on a fullime basis from KBIs like the NIFTEM to
facilities; Theyencourage groups of entrepreneurs to set . o
support the National Programme Division at the MoFPI and

up food processing units based on a cluster approach by .
the state nodal agencies.

FIGURE ZOnstitutional architecture for PMFME Scheme

Inter-ministerial committee (IMEC)
MoFPI (Nationgbrogramme divisioh

~ I
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In the case of government interaction with the industry, and contributions leaders in powerful positions
intermediaries, tacit knowledge transfer through formal can makeé.

and informal meetings, as well as seminars/trainin . - .
9 9 Flow of government funds is traditional in nature as for

merges. This indicates regular communication between . . . .

emerges ¢ S dd,C; ef egula 'C(t)' u Cj on be tee higher education and are in the form of R&D grants. This is
overnment and industry associations and gaoween . . .

9 y g easier for public KBIthan private KBIs and as per the

bodies in the form of global conventions, conferences, = . .., . a x 2 A A x f A
glot , NEOAASR FJdARSEAYSAa F2NJ (KS
exhibitions. An example being the MoFPI, Agricultural and
Processed Food Products Export Development Au,th,omyimportant to note that R&D projects would need to be
(APEDA) and the PlaBased Foods Industry Association . . . . . .
) ) ) carried out in collaboration with the industrial partners.
(PBFIA) coming together toganise India's 1st Plaftased

. i ] However, in the case of financial institutions, the
Foods Summit on May 26th, 2022. This summit offered . . .
_ - ) government provides funds to nationalised banks under the
strategic opportunities to the players in the plabased

Animal Husbandry Infrastructure Development Fund or

fi i t facilitat latf fi tworki . . .
?Odts industry ano'lf acilitated a g.a ortr; or nekwtor |.ng Special Food Processing Fund through the National Bank for
eliciting conversations surrounding the market size, Agriculture and Rural Development ( )

emergng technologies, existing concerns facing the

: Government relationships

Formal Meetings: 28

Intermediary: 24

, / Seminars/Training: 26

Government: 41

Informal meetings: 13

- 0 -
D N T
Co-publishing: 3 1
Arbitrageur & Fls: 29 %
Non disclosure agreements: 3 I
\ Recipient of funding: 16
| KBIs: 4
Industry: 0

Joint research: 4 ||

Licensing agreements: 5 I

54 Sourced fromhttps://www.plantbasedfoods.org/celebratiomf-indiasburgeoningplantbasedfoodsindustry-heraldedat-inauguratplant-basedfoods
summit/
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communication supports problem solving. Actively building

and maintaining relationships through discussions can lead
Figure 2 highlights the intermediaries intraand inter {0 intermediaries contributing to the process and can
linkages. increase the likelihoodhat experience will inform policy
decisions. This would underscore their function of providing
a collective voice for their members and conveying the
The main intrf Ay 1} 3S&4 NBLRZNISR | Ndme WCANNdvémmanht Shdwdé Qissemination
WLYF2NXIEE YSSGAYI&aQl YR W{ SYchwfitsNet thé dbdrarich Bed@ged Sedtd? take pladeA O G S
high tacit knowledge transfer between intermediaries. As is through events like AAHAR International Food &
SESYLEAFTASR o6& GKS tI NIy SNRRspiaryNH#FWRichds2aMagshl B2B20eR brijahidedy 08 UK
Federation of IndiarChambers of Commerce & Industry the India Trade Promotion Organisation (ITPO), the premier
(FICCI), All India Food Processors Association (AIFPAjade promotion body of the Government of India.
Association of Food Scientist & Technologist of India (AFSTimilarly, the Trade Promotion Councif dia (TPCI)
¢ Mumbai), Chamber for Advancement of Small and organises IndusFood, one of the largest food fairs
Medium Businesses (CASMB), and Indian Flexible Packagir@ipported by the Department of Commerce. In addition,
& Folding Carton to address the current prevailing issuespeing linked to the knowledgebase through knowledge
related to the food and beverage industry in India. The sharing platforms enables the latest in technical
forum focused on technical and policy requirements which information to filter through to heir members. An example
can elevate the Indian food industry to global benchmarks gf this being the NIFTEMCII Food and Agriculture Centre
giving the country its due sine in the world food trade asa  of Excellence (FACE) joint workshop on food safety risk
leading producer of most agcommodities. mitigation in the food chain. In the case of intermediary

World Food India (WFI) is a gateway to the Indian food linkages with industry, all food businesses in India a&ros

economy and an opportunity to showcase, connect, and the. food value chain arg .requwed to be licensed or
collaborate. It is a global event to facilitate partnerships "edistered under the provisions of the Food Safety and

between Idian and international businesses and investors, Standards Act 2006. The Food Safety and Standards
Organised by the MoFPI, WF! is held in partnership with theAuthority of India (FSSAI) has laid down general and specific
Confederation of Indian Industry (Cll), KPMG as thef°°d safety and hygiene requiremenfor Food Business
1y26tSRIS LI NIYSNI | yR alLyo@peaors ((BR). Further dhg FSPRI geauyes gvery [pees v (i
facilitation. business operator to have a documented Food Safety
Management System (FSMS) plan, which includes sector
The InterFoodTech Conclave is a eobakind premier  gpecific Good Hygienic Practices (GHPs) and Good
food technology fair for the food and beverage industry, \anufacturing Practices (@s). This often translates into

which is organised bynter FoodTechsupported by the  jnqystry associations providing consultancy services or
PlantBased Foods Industry Associatemmd ValueSmart as  gpecific policy focus advisory services to their members.

its knowledge partnés5. Through insightful seminars and
interactive experiences, the conclave creates ideal
opportunities for the industry frarnity to interact with
each other and explore collaborations that can foster

Intra-relationships

An example of joint research is the FICCI Food Processing
Division conducting joint studies/surveys with usdry
partners like Unilever, ITC Ltd.

innovation in the sector. There are a lot of venture capital activities in the food and
beverages sector. Venture capitalists are investing in
alternative pathways like nutraceutical products, and high
With respect to intefrelationships, the most prominentare  quality food for babies. An example ofishis Periyar
those of the intraNB f + G A2y aKA LA Z Y I Y Stechnologd Bdhdss INco&idr engamdwith Nativelead
WLYF2NFAYI&FSS W{ SYAYL NAkK ¢ NIAAgH WN¥étworkfor boitablt Yagoeh) pridSchon. sectorf
FTdzyRAY3IQS WW2AYid NB&SI NOK Q Spedifi Khowtedgblduireack betWkeh Mdli§{Passociations
and arbitrageurs includes initiatives such as the Cll & EXIM
Bank on IndeAfrica partnership for food processing and
energy security. Joint research and its codification manifest
| as studies for the sector conducted by the FICCI and IBA
Survey of Bankers.

Inter-relationships

Formal and informal communication along with knowledge
dissemination between industry associations and industry
would enable them to stay attuned to the views$ their

membership. The presence of both formal and informa

55 Sourced fromhttps://www.interfoodtech.com/index.html
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! Intermediary relationships

provides cooperative banks and regional rural banks loans

so as to improve credit flow athé ground level.

Furthermore, NABVENTURES, a wholly owned subsidiary of
Figure 3 highlights the arbitrageur and financial institution NABARD, is a venture growth equity fund that invests in
intra- and interlinkages. early to midstage startups in agriculture, agtech, agri

. . biotech, food, FinTech and rural businesses.
Intra-relationships

There also emerges someucial minor interactions related

NP e é“?"%%%"é"”ﬁsxyauééé Yafrdrzys vy
WLYF2NXVIE YSSGAy3aaQ yR W{SYAYLl N
arbitrageurs and financial institutions to effectively stay on

track with the market and assess risk, informatiflow is
ONMzOALFE® ¢KS . Iyl 2F .FNRBRIFIQ&a .|
i ] i Annual Banking Conference 2022, is a good example of this

refinance of INR 15,000 crore to cooperative and regional as it focuses on strengthening financial inclusion, innovative

rural banks for boosting capital formation in food . . - .
; technologies and new business models for digital banking,
processing and systems (NABARD, 2022). NABARD aI?:%G financand tackling climate changfe

The main intrd Ay 1 35S& NBLRNISR
Fdzy RAYIAQd finéniiry betwedn bénksii tBadi is,
refinancing rural and coperative banks for investment
credit purposes (longerm and shoriterm loans). One such
case is that of the National Bank for Agriculture and Rural
Development (NABARD) which provides a conoeasi

56 Sourced fromhttps://www.bankofbaroda.in/hiin/-/media/project/bob/countrywebsites/ndia/content/media/pressreleases/bankingpeyondtomorrow-
annuatbankingconference2022-22-07-2022-26-10.pdf
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