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Prime Minister

MESSAGE

The commendable initiative of preparing and publishing the report, "A Decade of Science:
Technology Panorama for an Aatmanirbhar Bharat," deserves appreciation. Greetings and best
wishes to the office of the Principal Scientific Advisor to the Government of India and
Foundation for Advancing Science and Technology (FAST-India) for this thoughtful
endeavour.

The progress made over the last 10 vears in the realm of science and technology is for all to
sec. The work done in the last decade is helping in realising the vision of making the next ten
years as India’s *“Techade’.

India boasts of a rich legacy in science, technology, and innovation, with a vision to chart an
even brighter future for people. Science and technology are meant serve a higher purpose - to
transform people's daily lives in a tangible way. Our scientific community is doing this with
their tireless work.

The report highlights India's sustained efforts in science and technology, particularly in fields
such as infrastructure, defence, energy sector and heavy industries. Be it investing in
cutting-edge fields like artificial intelligence, deep-sea and space exploration, Chandrayaan-3's
landing on South Pole of the Moon, leadership in vaccine development during the pandemic,
or commitment to expand renewable energy — all such efforts showcase our continuing journey
towards self-reliance.

Our goal is to make India a premier hub for scientific leamning and at the same time, learn from
global best practices, as well as share our knowledge and experiences with the world.

Our scientists have carried out ground-breaking research across diverse spheres, while our tech
ecosystem provides innovative solutions to global challenges. The implementation of initiatives
such as Anusandhan National Research Foundation further strengthens our
research capabilities.

We have also implemented far-reaching reforms in the education sector to instil a scientific
temperament among our youth, as well as promote inquiry-based learmning. A whole new
generation of budding scientists is coming to the fore, ready to take our journey forward.

The coming years until 2047 is a period that is crucial to realise our vision of building a strong,
self-reliant nation, where the scientific community in particular, especially our youth, will play
a defining role. It is thus crucial for all stakeholders — ministries, scientists, educational
mstitutions, research institutes, industry and investors - to collaborate and build an ecosystem
for progress based on science & technology.

May the report facilitate a better and deeper understanding of the progress and achievements in
the field of science & technology over the last decade. May it inspire more such work in
the future.

Szt """/]

(Narendra Modi)
New Delhi
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04" March, 2024
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In an era defined by rapid globalization and interconnectedness, the significance of science,
lechnology, and innovation cannot be overstated. These pillars of progress have transcended
boundaries and transformed the very fabric of our societies, shaping economies, enhancing
healthcare, revolutionizing communication, and redefining the boundaries of human knowledge.

India. a land of diverse cultures, languages, and landscapes, has embraced the pursuit of
scientific excellence and technological innovation as a comerstone of its national identity. In the
contemporary landscape, India's commitment to hamessing the power of science, technology.
and innovation has manifested in remarkable ways. From breakthroughs in vaccine developments
1o strides in building next-generation digital infrastructure to advancement in space exploration,
India has embarked on a journey of transformation thal resonates on a global scale. In the pasi
docade, the Government of India (Gol) has exhibited a resolute vision regarding science,
lechnology, and innovation, highlighted by its unwavering commitment to the concepl of
“Atmanirbhar Bharat” or self-reliant India. This approach has catalyzed a shift from dependency
on external sources o nurturing domestic capabilities, fostering innovation, and propelling
indigenous research and development. This paradigm shift allowed India to harmess its immense
human capital, technological prowess, and innovative spirit to secure a position of strength
globally

| am delighted to present "Technology Panorama for Aatmanirbhar Bharat", a comprehensive
report that delves into the scientific and research endeavours, initiatives, and programs axeculed
by India in the past decade. This report highlights the extensive scope and influence of India's
commitments in the realms of Science, Technology. and Innovation.

The report examines the different missions, initiatives, and pregrammes through four lenses viz
systemic capability building, pushing frontiers of research for future preparedness, enabling
research and development in areas of national priorities, and ensuring cilizen impact of scientific
improvement. These objectives are significant, irespective of the nature of the research and can
coexisl harmoniously. The report examines the efforts in Sclence and Technology under
subsections such as Capability Building, Energy, Exploration, Publfic Service. Agricullure,
Livestock and Biotechnology, and Health

There are over a hundred missions, schemes, programs and iniliatives across multiple
government ministries and departments that focus on scientific and technological research and
innovation. This report chooses a compact yet polent subset of these endeavours to highlight the
profound and conlinuous influence that science has on our lives. While this does not encompass
{he entirely of our nation's scientific and technological pursuits, it offers an exhilarating glimpse
inta the progress and innovation taking place in current times, especially in the last ten years.

| would like to acknowledge the support from all the ministries, departments and organisations
wha have provided their valuable inputs for the preparation of this report. | extend my appreciation
to the members of the Foundation for Advancing Science and Technology (FAST) - India for their
sincere efforls in putting together this report. Lastly, | wish to congratulate colleagues from my

office for their effortless teamwork that led to the completion of the report.

{Ajay K. Sood)
Dated: 1* March, 2024

e among wrd, w1 fReh - 110011

Maulana Azad Road, New Delhi - 110011



MESSAGE



Tele : 23086566, 23096567
Fax : 23086603
E-mail : vk.saraswat@gov.in

2. 9.9, aREd ARG B
HifY amam, dwg arl

Dr. V.K. Saraswat 7€ faeel - 110 001

Member Government of India

NITI Aayog, Parliament Street,
MNew Delhi - 110 001

w‘_‘mmt
MESSAGE

In the pursuit of realizing the vision of Atmanirbhar Bharat, our nation has embarked on a
transformative journey, recognizing technology and innovation as the very bedrock of our
progress. As we stride forward, we aim to harness the immense power of technology, innovation,
and research to empower our citizens, bolster our economy, and effectively address our society's
multifaceted challenges. The report is a testament to India's unwavering commitment to embracing
technological innovation and achieving self-reliance in the ever-evolving digital era.

Comprising a comprehensive and meticulous analysis, this report delves into the significant strides
made by the Government of India in fostering a vibrant and technology-driven ecosystem.
Incompassing a broad spectrum of cufting-edge domains, such as Cyber-Physical Systems,
Artificial Intelligence, Quantum Computing, Electric Mobility, Green Hydrogen, Deep Ocean
Exploration, and Defence and Drone Technologies, it represents the formidable pillars upon which
our vision for a technologically advanced and self-reliant India firmly rests.

The report provides a panoramic view of stakeholders' remarkable progress and transformative
initiatives. From esteemed government bodies to pioneering research institutions, academia, and
visionary industry partners, this collaborative effort exemplifies the collective will to advance
technological excellence. Moreover, it meticulously scrutinizes the opportunities and challenges
before us, forging a path for unified strategics to address these imperatives with shared
determination.

The insights presenied in this comprehensive report offer invaluable perspectives, poised to shape
policies and investments that further accelerate our technological growth. We firmly believe that
fostering interdisciplinary collaboration and knowledge-sharing across sectors will be a powerful
impetus in propelling India toward its rightful place as a global technology leader.

As we navigate the intricacies of an ever-evolving technological landscape, all stakeholders must
embrace a spirit of unwavering innovation, openness, and inclusivity. Together, let us work in
harmonious synergy to ensure that technology becomes a formidable force for good, unfailingly
creating opportunities and prosperity for all. Let us redouble our efforts in unison as we march
unwaveringly toward the realization of Atmanirbhar Bharat — a self-reliant India — empowered and
transformed by the indomitable spirit of technology.

With relentless determination and collective endeavour, we shall undoubtedly triumph and propel
our great nation to newer heights through the transformative power of technology.

New Delhi % wEn T W
01.03.2024

National Institution for Transforming India

|
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INTRODUCTION



“The appearance of Science and Culture is to be warmly welcomed not only
by those who are interested in abstract sciences but also by those who are
concerned with nation-building in practice.”

I Netaji Subhash Chandra Bose'

Advancements in science and technology
(S&T) loy the foundations for the advance-
ment of humanity. The past decade hos
witneased an extroordinary development in
Indian scientific capabilities spurred on by
digital and technological interventions.
With the enabling environment created by
government policies, India has pushed the
frontiers of S&T while also improving the
quality of life of its citizens at lgrge. In this
report, we examine some of the S&T inter-
ventions from the last decade, their design
assumptions and objectives, prominent
ochievements, ond their impoct on the

lives of citizens.

Historically, the Indian government has baen
focused on funding and doing science all by
itself. Soon aofter independence, o large
number of government higher education

! f s A" =
nstitutes (HEIs) and government. lobs for

Gll Ranking

S&T were astablished in India.” However, S&T

research and development occurred
primarily in specialised government labs,
while HEls focussed on providing education

In the past decaode, efforts have bean moade

to democratise the practice of, and enable
access to science, te bring more citizens
into the fold. This has resulted in the partici-
potion of startups, micro, small and
medium enterprises (MSMEs), public and
private educational institutions and busi-
nesses in developing Indias science and
technology capabilities, thereby truly har-
nessing the Indion demographic dividend
for creating the future of the country. The
efforts of the government in improving the
S&T ecosystern are recognised globally,
Figure 1 below shows India's improving rank
in the Global iInnovation Index (Gll) over this
past decade®

2077

2019

2018 2020 203 2022

Year

Figure L India’s improvement in Gil (Source Gl 2022)



“Efforts of science can turn into great achievements only when they come
out of the lab and reach the land, and their impact reaches from global to
grassroots, when its ambit is from journal to jameen and when change is

visible from research to real-life”

I Hon'ble Prime Minister, Shri Narendra Modi®

india is ene of the top three countries in terms of the number of scientific publications,
number of PhDs, the size of its higher education system, and the number of start-ups.® India
is also fast moving towards low-cost, high-efficiency indigenous scientific developments
and innovation. Indian companies and private universities now cccupy the position of the
top five paotent applicants filed in the field of Information and technolegy.” Cverall, the
number of patents granted by the Indian Patent Office has been consistently rising over the
years as shown in Figure 2 below.

35000

e 30073
30000 78385

25000

2496
15283

15000

13045

Patents Granted

SO0

" e

2017-18 2018-19 2019-2¢ 202021 2020-22
Year

Figure 2 Number of patents granted in India (Source Dota from indlan Patent Office, DPIT)

The Indian scientific ochievernents of this laborations with other countries to improve
past decade have been a result of the itsGross Expenditure on Research and Devel-
unwavering focus of the government on oprment (GERD) efficiently. For instance, India
EE-:,-vc:!r:u:f!ng_ caopabilities for doing research  recently announced collaboration on frontier
for Indig, by India - on the lines of Aatmanir- technologies such as cyber-physical sys-
bhar Bharat, a call for self-relioance. There tems, secure and trustworthy cyberspocse,
hos been a focus on developing scientific  and joint projects in applied research areas
ideas and research in a direction relevantte  such as semiconductors, next-generation
the public ond society at large under this communication, cyber security, sustainability
initicitive. and green technologies with the United
States (US) 2
While focusing on self-reliance, India is rap-
idly making key S&T poartnerships and col-



The Indian technology community, assisted
by tha systemic copability building by the
government, has pushed frontiers by build-
ing national ‘stacks’ enabling digital Indig,
enhancing the standard of living of citizens
through improvements in communication
technology, sanitation, urban transpert ete,
while focusing on national pricrities such as
defence and exploratory missions in the sea
and space. However, moving farward, India
needs to promaoete its research and develop-
ment (R&D) with full force to be able to reap
the benefits of the programs aond missions
introduced in the recent past The Govern-
ment of India (Gol) acknowledges the
importance of increasing R&D expenditure
and utilising the some effectively. For
instance, GERD in India has been continu-
ously increasing over the years in absolute
numbers. However, as a percentage of
Gross Domestic Product (GDP), GERD hos
been hovering around 0.7 % during the lost

SYSTEMIC
CAPABILITY
BUILDING

Figure 3: Forms of government interventions

few years and is below the world average.®
At about 37% of the total GERD, the corporate
funding for R&D in Indig is very low when
compared to the global average. Despite
this, Indian scientists have managed to
receive numerous cceelades in and outside
the country.

Mast of the improvements in Indian S&T per-
formance of the past decade con be
atiributed broadly to the following four
forms of key interventions by the govern-
ment:

+ Systemic capability building,

« Pushing frontiers of technology and
research for future preparedness,

+ Ensuring citizen impoct frem scientific
improvement, and

+ Enabling R&D in areas of national
priorities

PUSHING
FRONTIERS

CITIZEN
IMPACT




PART 1

A Decade of Science:
India’s Advancementsin
Enabling and Doing Science



1. Systemic Capability Building

All countries need scientific, technolegical and engineering capacity to provide solutions to
the sustainable development challenges they face in areas such as heaith, agriculture,
communication, energy, industrial and infrastructure development,” as well as develop
future industries. Using this philosophy, the Indian government focussed on supporting its
institutions and resources in conducting world-class reasearch.

The Indion government hos focussed on
capability building through schemes such
as the Institutions of Eminence (loE) to sup-
port HEls to become world-closs teaching
and research institutions.” Under the |ok
scheme, the recognised institutions ore
enabled to improve their guality of teaching
and research, specialise in identified areas,
and achieve recognition in global rankings
by incentives such as greater autonomy
and financial grants. The IoE scheme was
started by the Indian government in 2017
and aims to make select Indian universities
worid-class.

The Indian governmeant has also been run-
ning multiple fellowship and research pro-
grammes to promote talented individuals
and research groups In  conducting
groundbreaking research. For instance, the
High-risk-high-reward Research Scheme,
supports proposals that are conceptually
new and risky, and are expected to have g
paradigm-shifting influence on the S&T
ecosystem, if successful® Similarly, the
Prime Minister's Research Fellows Scheme
(PMRF) provides generous scholarships to
researchers conducting S&T research in
the top S&T institutions of the country.” As
of 2023, there are 2,572 fellows under the
PMRF, of which about 368% are women.® The
Romanujom Fellowship supports research-
ers from outside Indig,” while the Innovation
in Science Pursuit for Inspired Research
(INSPIRE) attracts talent to science at an
early age to help the country build the
required critical resource pool for strength-
ening and exponding the S&T system and
R&D base with a long term foresight.™

A deep S&T focus of the government can be
seen from the fact that there are many
science missions outside the purview of
ministries focusing on S&T.

These include the National Bioenergy Pro-
gram aimed ot promoting the use of bioen-
ergy as a sustainable and renewable energy
source, and the Graen Hydrogen Mission
aimed at establishing India as a global hub
for the production and export of green
hydrogen. The Deep Ccean Mission aims to
enable the development and deployment of
technologies for conducting deep-sea
research. Indias semiconductor mission
similarly aims to develop a lengterm strate-
gy for sustoinaoble semiconductor and
display manufacturing focilities for the
country, with 25% of its budget earmarked
for R&D, skill development, and training.” The
Ministry of Jalshokti's Jaol Jeevan Mission is
envisioned to provide safe and ocdequate
drinking water through individual household
tap connections by 2024 to all households in
rural India. The Nationol Digital Livestock Mis-
sion has developed o unigue identification
number system to crecte a database for
livestock animals wherein the complete
life-cycle of animals can be coptured and
traceability can be established.

For industry, ocademia and government
coliaborations, S&T clusters were envisaged
and developed in the past decade through
the Office of Principal Scientific Adviser to the
Gavernment of India. ™ The S&T clusters oper-
ate at a city level to create strong linkages
between existing academic institutions,
national & state research loborotories, and
other stakeholders like relevant ministries,
industry partners, startups, MSMEs, state gov-
ernments, philanthropic foundations, and
international organisations® Apart  from
these endeavours, they are also involved in
solving regional problems.



Startup India initiotive, one of the flagship
initiotives of the Government of India was
introduced in 2015 to cotalyse startup culture
and build a strong and inclusive ecosystem
for innovation and entrepreneurship in India
through fiseal and non-fiscal incentives.=

Strengthening the Indian railwoys’ capabili-
ties, a stote-of-the-art Automatic Train Pro—
tection (ATP) system nomed “Kavach” has
been developed with an indigenously
designed anti-collision device. Tha systemn
is aimed ot providing automatic train pro-
tection to augment safety and copocity
with the highest level of Safety Integrity
SIl-4. The South Central Railway has suc-
cessfully deployed the system that covers
1465 route kilometers, serving 135 locomo-
tives. The project is currently in progress,
extending its reach to approximately 3,000
route kilometers, encompassing the critical
Delhi-Mumbai and Delhi-Howrah corridors.
Further, technological advancement in
Kavach from the UHF frequency range to
LTE/4G is underway to significantly enhance
the system's reliability.

In ogriculture, the National Biotechnology
Development Strategy 2021-2025 outlines o
comprehensive roadmap for hamessing
biotechnology to address agricultural chal-
lenges, promote sustainable practices, and
foster economic growth.*

In addition, technologies such as food irradi-
ation are being develeped by the Depart-
ment of Atomic Energy (DAE) through
Bhabha Atomic Research Centre (BARC) to
preserve food, improve guality of fungicides
and the guality of soil.

The recent passage of the the Anusandhan
National Research Foundaotion (ANRF) Act

2023 is slated to be one of the most signifi-
cant steps taken by the Indion government
since independence for the S&T ecosysterm:™
The ANRF hos been established as an aopex
bedy to provide high-level strategic direc-
tion of scientific research in the country at g
total estimated cost of INR 50000 crores
during five years (2023-28), which includes
INE 14,000 crores from the Government of
India. ANRF is aimed to forge collaborations
among the industry, academia, and govem-
ment departments and research institutions,
and create an interface mechanism for par-
ticipation and contribution of industries and
stote governments in addition to the scien-
tific and line ministries=

ANRF is set to improve the catmanirbharta
of Indion R&D ecosystem. In the recent past,
India has shown remarkable advancements
in indigenous development of nuclear
energy and defence programs, and with
ANRF, the innovations ond developments
are sef {o soar further. The story of India’s
nuclear proegram has been one of persever-
ance and sclentific expertise. India is propel-
ling towards nuclear energy self-relionce by
using thorium as fuel, rather than relying
only an impeorted uranium. The capabilities
that India has built in nuclear power are the
foundation to an energy secure nation, and
provide learnings to other industrial and
R&D sectors.

Pernaps one of the mest crucial areas in
which India is developing systemic capability
is in defence and internal security. DRDO has
developed several technologies that has
advanced India’s defence capabilities. These
developments allow India in maintaining its
strategic independence and flexibility in the
developing geopolitical ecosystem.



2. Frontier Technologies and Research

Frontier technologies are those that ore essential for sustainable development. The UNCTAD
Technology and Innovation Report 2021 (UNCTAD Technology Report 2021) critically exam-
ines the status of frontier technologies across the globe to develop o readiness index for
frontier technologies. The report comprises five building blocks: ICT deployment, skills, R&D
activity, industry activity, ond access to finonce.” According to the report, India ranked 43,

outperforming its estimated rank of 108.

India’s focus on innovation and providing
Digital Public Goods (DPGs) has ensured
that it stays ahead of its peers in frontier
technology. India has been one of the pio-
neers in the development of technology
stack for providing DPGs to its people. Uni-
fied Poyments Interface (UPI), Digi Locker,
Digi Yatra, and Open Network for Digital
Commearce are some examplies of DPGs
pioneered in India. The lives of rural Indian
citizens, 64% of the country's population,”
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have been transformed by India Stack in
several ways. Convenient digital payments
for goeds, services, agricultural produce,
otc., fosters financial inclusion and empow-
grment. At the same time, data storage
services, like DigiLocker enable the security
of important documents and certificates,
and are especially helpful in occessing
land records, educational certificates, or
other critical documents.

Image I Digilocker document digitalisation solution (Source Digilocker weabsite)

The government is now providing impetus to
critical frontier research through missions.
Cne of such missions is the National Quan-
tum Mission, aimed at promoting comput-
ing, communications, sensing, materials and
devices in quantum technolegy. The mission
focuses on scaling guantum computers,
having sotellte bgsed secure quontum
communications and developing quantum
materials, thereby pushing new frontiers of
rasearch in guontum technolegies:

In technology, the government is undertaking
policy measures to ensure the development
of the geospatial sector by liberalising the
acquisition and production of geospaotial
data. Another example of using frontier tech-
nelogies for pioneering use is the Svamitva
Yojana run by the Ministry of Panchayoti Raj,
which utilises drones and Geographic Infor-

mation System (GIS) technologies to provide
digital land and population records. This
reduces land-reloted disputes, enables land
monatisation, and empowaers. the average
citizen through the availability of land relat-
ed information.

Similarly, National Supercomputing Mission
was initiated to propel India's supercom-
puting abilities. In order to provide holistic
support to the research community, this
mission focuses on four pillars: Infrastruc-
ture, Applications, R&D and Human
Resource Development In advance materi-
als and manufacturing, targeted policies
and initiatives for Li-ion battery, Superca-
pacitors, Additive Manufacturing, Advanced
Coatings, Fuel Cells, Rore Earth Magnets,
Advanced Ballistic Materials ond Glass &
Ceramics are being undertaken.



Ulscieonica &
chinclogy

DIGITAL PAYMENTS KARO
CHUTKI BAJAKE

Electronic fund transfers made easy with IMPS
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Image 2. UPI payments (Sevrees NPCI Twitter)

“It (i.e. UPI) is an excellent example of technology boosting financial inclusion.
Last month, this layer of India’s digital public infrastructure processed over 8
billion transactions. The system allows 400 million people in rural areas to
participate with legacy ‘push-button’ cell phones”

Kristalina Georgieva
Managing Director, IMF™

UPI was launched in India in 2016. Developed by the National Payments Corporation of India
(NPCI), the real-time payment interface has been adopted by millions of people, rich and
poar, urban and rural to facilitate instant digital transfer of money. As of March 2023, the UP!
had recorded 8,600 million transactions of over INR 14 lakh croras in value by integrating banks,
third-party payment service providers and digital wallets.*

A simple, straightforward use case for consumers — generate cne unique |D and choose from
multiple easy-to-use applications for UPl access, and the low cost for such usage has led to
increased adoption and high usage of the facility. However, in addition to the nature of the UP!
itself, the government’s push in enabling digital and financial literacy, expansion of banking
sarvicaes and adoption of phones with good quality internet have all been instrumental in the
success of UPL Please refer to Section 41 for more details on UPl and the digital public
infrastructure that has made this achievernent possible.
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3. Citizen Impact

Science and scientific advancements have a profound impact on the lives of citizens
through improvements and advancements in healthcare, agriculture, nutrition, public

service delivery etc.

In healthcare, for instance, the development
of vaccines has led to the eradication of
diseases such as smallpox and more
recently, the near-eradication of polio.
Digital expertise within the country also led
to the development of COVID-12 Vaccine
Intelligence Network (CoWIN), which is
instrurmental in maintaining digital records

.
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for vaccinations for a population of over one
billion people. Under the National Mission on
Interdisciplinary Cyber-Physical Systemns
(NM-ICPS), innovaticons such as the Al-driven
XraySetu platformn useful for Chest X-ray
interpretation and rapid screening of
COVID-18 patients were developed during
the pandemic®

Testrg And Sedqlilmring

Image 3: Partnerships for COVID-18 research and technalogy solutions (Source OPSA Website)

In additicn to hecgithcare, Indio has grown
leaps and bounds in the availability of
low-cost, high-quality digital services. The
introduction of 4G and 5C services in India
has led to exponential growth in the number
of mobile users and businesses in India.
India is experiencing massive network
deployments, making it the fastest-growing
5G market globally.® 5G is a critical compo-
nent in India's journey to realise its "Digital
India” vision and can help citizens in easier,
foster and predictoble high-speed internet
that is useful both as a consumer and pro-
vider of services.

Science and technology developments in
agriculture and cllied sectors are helping
Indian citizens in achieving self-sufficiency
and food security. in addition, newer tech-
nologies such os geospatial technology is
being used to facilitate speedier planting,
customised crops and harvesting. Modern
agriculture praoctice involves geospatial
technologies, such as Geographic informa-
tion System (GIS), remote sensing, Global
Positioning Systems (GPS), etc. to improve
production and profitability.

Ancther government intervention with a
large impact on citizens’ lives is the Startup
India initiative. Whether one orders food from
their fovourite restourants or buys niche
products, finds cabs in o new city or finds
new doctors, almost every aspect of our lives
hos been touched by startups in recent
years. This Is boosting India's position as a
global creator of jobs than seekers. For
instance, with the Startup India intiative, the
gig workforce is expected to expand to 235
crores (23.5 million) workers by 2029-30, ie,
§.7% of the non-agricultural workforce or 4.1%
of the total livelihood in India by 2028-30*

Technological solutions for reducing the
adverse impact of climate change, waoste
management and urban transpeortation
have been prioritised by the government in
this decade. For instance, at Conference of
Parties (COP-21) in Paris in 2015, Indio com-
mitted to a 40% share of power generation
from non-fossil fuel scurces and ended up
achieving this target o decode ahead of the
2030 timeline™® In COP-26 ot Glasgow, India
committed to o Net Zero future by 2070 and
established ambitious targets for sustain-
ability, which will undoubtedly spur further
innovation and research in the country.™



introducing o groundbraaking shift in passen-
ger roling stock, India’s first domestically man-
ufactured semi-high-speed train, the Vande
Bharat” Express, was launched in 2018-20
between New Delhi-Varanasi and New
Delhi-Shr Mata Vaishno Devi Kaotra. Since then,
these trains have expanded their reach to 24
states and nearly 200 districts, covering over
12,000 kilometers. In the subsequent years
(2022-23), an upgraded version, Vande Bharat
trains (Version 2), was introduced and
Forty-Five rakes have been manufactured
indigenously iill November 2023. This improved
iteration boasts distinctive features, including
the indigenous Automatic Train Protection

(ATP) system colled Kovach, emergency
disaster lights, Cooch Condition Monitoring
System  (CCMS), GPS-based public
announcement, and Passenger Information
System. Looking ahead, the Indian Railways
envisions producing approximately 5000
Vonde Bhorat Train-set cooches by 2027.
Through a steadfast commitment to safety,
speed, and reliability, Vande Bharat Trains
are poised to revolutionise the travel experi-
ence for individuals across diverse demo-
grophics, thus elevating the stondards of
public service delivery.



4. National Priorities

India’s national priorities for science end technology are closely tied to its public service
commitments. The draft Science, Technology, and Innovation Policy of 2020 (STIP 2020)
identifies agriculture and animal husbandry, water, education, bictech, pharma and health,
biodiversity, climote change and envircnment, and manufacturing and small-leve! startups

as key areas of national interest™

In addition, expleratory scientific research
initiatives like the Deep Ocean Mission and
Spoce Exploration pragrams are crucial for
providing India with strategic and toctical
advantages for economic growth. The
Indion Space Research Organisation (ISRO)
has successfully undertaken missions to
lounch satellites, explore the moeon ond
conduct missions that enhance the under-
standing of space globally. Government
depariments such as the DST, DAE and
Department of Biotechnology (DBT) pro-
mote research on genomics, bioinformatics,
pharmaceuticals, nuclear science and
medical devices to fulfil the healthcare,
agriculture and related requirements of the
nation, The draft STIP, 2020 also emphasises
the importance of promoting traditional
knowledge systems, developing indigenous
technelogies and encouraging grassroot
innovation.™

The Indian defence sector hos made
remarkable advances in R&D capabilities
over the past decade. One of the notable
achievemeants in the sector has been the
successiul demonstration of the anti-satel-
lite (ASAT) missile on 27" March 2018, which
highlighted Indig's ability to shoot down
adversarial objects in space’ Similarly,
DRDO successfully demonstrated the
capability of a hypersonic cruise vehicle in
2020 which showed sustained hypersonic
combustion and the attainment of cruise
vehicle velocity of six times the speed of
sound Le, nearly 02 krn/second for more
than 20 seconds™ The D4 System, with
capabilities of real-time search, detection,
tracking and neutralisation of drones was
deployed at the Republic Day Parade and
Beating Retreat ceremony on Indepen-
dence Day and exhibited at the Defence
Expo in 2022

India needs a separate dedicoted report to
explore the socio-economic impoacts of
defence-related technologies and innova-
tions. This report, however, does not delve
deeper into the groundbreaking achieve-
ments of the defence sector of the post
decade.

The DAE has empowered the nation through
advanced technologies such as accelera-
tors, losers, supercomputers, advanced
materials, radiation technologies, nuciear
medicine, aond nuclear ogriculture apart
from building nuclear reactors for clean
energy.#

Demaocratising science through encourag-
ing Open Science is cne of the immediate
national priprities for the government With
the One Nation, One Subscription (ONOS)
negotiations with journal publication houses
underway, the country is simultanecusly
moving towards promoting Indian journals,
encouraging open access to science, along
with open educational rescurces.®™ Further,
ANRF iz aimed to improve the quality of
research, while ochieving decentralisation
of its practice within the country.

The roots of the current S&T achievements of
India lie in the systematic promotion of
capobility in the sector undertaken through
governance, regulatory and financial incen-
tives. With a multi-faceted approach of the
Gol towards S&T advancerments, India is
blazing aheod, surpassing Indias contempo-
rares.

The case studies covered in Part 2 of this
report will include a variety of scientific inter-
ventions made in the country over the post
decade, with aspects of citizen impact, sys-
temic capability building, notional priorities,
and frontier technelogies and research.



5. Conclusion

Given the above, it can be soid that the S&T advancements in Indio over the past decade
have loid the foundations for the country's progress and development for the future: With a
focus on ensuring the ease of doing science and at the same time enabling access to tech-
nolegy, India is seeing remarkable growth in its scientific capabilities and achievements. The
governments unwavering commitment to developing self-relionce ond promoting
research relevant to societal needs has been instrumental in fostering a thriving scientific
ecosysterm. As we lock back at the achievements of the past, we must olso set our sights on
the path ahead, envisioning a future where India continues to lead in the global scientific

landscape.

The role of the government in systemic
copability building is perhaps the most
important to have a long term, sustainable
change in promoting S&T research. One of
the key initiatives being the possage of ANRF
Act, 2023, which is envisaged to help bridge
the gap between the research community,
educational institutions, government fund-
ing agencies as well as the industry. This will
enable boosting of corporate funding for
R&D in India which has traditionally been
lesser than the government funding. The
overall ebjective of the ANRF is to democra-
tise research as well as the outcomes of
such research, an intervention which has
the potential to bridge the gap between
research outputs and the society. Some
efforts in this direction are already under-
way such as promotion of open science
through multiple interventions, including the
ONOS and promotion of indigenous scientif-
ic journals. With ANRF, these efforts will be
unified and have an exponential impact on
improving the current research ecosystem.

Frontier technologies and research has also
been a major focus wherein India is outper-
forming its peers. Innovations like the UPI
have transformed the lives of citizens,
enabling financial inclusion and digital em-
powerment Further, innovations in agricul-
ture, healthcaors, and sustoinability have
had o profound impact on the lives of
people, ensuring self-sufficiency and prog-
ress in critical ‘sectors. For example, the
Purple Revolution caused by commercial
growth of Lavender crops in the temperate
regicns of Jammu had o strong research
backing.

Similarly, the Swvamitva Yojona utilises
drones and GIS technologies to provide dig-
ital land ond populotion records, thereby
empowering citizens through the availability
of land-related information. Moving forward,
India should continue enhancing its focus
on sustainability and green technologies. By
leading the way in clean and renewable
energy,  waste management, and
climate-friendly proctices, India can make
significant contributions to global efforts in
combating climate change and ensuring a
sustainable future for the planet

The governments emphasis on national
priorities has led to straotegic advances in
defence, space exploration, and nuciear
technology. These efforts have provided
India with strotegic advantages -and
strengthened its positien in the global
arena. Moreover, initiatives like the Deep
Ccean Mission and Space Exploration pro-
grams have opened new frontiers for eco-
nomic growth and exploration.

Overall, Indiaos odvancements in S5&T hove
had a significant impact on improving the
quality of life for its citizens, driving econom-
ic growth, and positioning the country as a
global leader in sclentific research. The sys-
temic approach to capability building, focus
on frontier research, national priorities, and
citizen impact has been the cornerstone of
this progress. However, continued efforts to
promote R&D, foster colloborations, and
focus on emerging technologies will be criti-
cal to sustaining this momentum and
achieving even greater heights in the future.
With the right policies and participation of
staokeholders; India con further accelerateits
growth and establish itself as a glebal pow-
arhouse in the field of S&T.
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Start up and Innovation
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Weather and natural disaster forecasting
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Physical System
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National Green Hydrogen Mission
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HEALTH

Vaccines







PART 2

Compendium of Science and
Technology Achievements
inindia
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BUILDING




Invasting in S&T allows nations, institutions, and people to attain sustaginable and long-term
growth. The government plays a crucial role in systemic capability bullding for S&T
advancements. To this end, the government has launched various initiatives and progroms
to support and nurture the ecosystem for S&T advancements, somae of which are discussed

in this section.

Perhaps one of the most important interven-
tions in capability building by the Indian gow-
ermnment has been the intreduction of the
Startup India initiative. The Startup inftative
prometes entrepreneurship and innovation
by providing financial support, mentorship,
and networking opportunities to startups,
specifically those in the S&T demain.

Indian National Space Promotion and
Authorisation Center (INSPACE) the nodal
agency for space activities by non-govern-
ment entities which is a first of its kind ven-
ture to allow private participation within the
space sector, On the other hand, Innovations
for Defence Excellence (iDEX) is o program
that promotes innovation and technology
development in the defence sector. It pro-
vides financial support, mentorship, and
opportunities for startups and individuals to
develop innovative solutions for defence
and security challenges.

In the realm of dafence, the Gol has taken
an ecosystem gpprooch te enhancing
capability of government agencies, private
and public sector industry for designing and
production of Indigenously developed
defence weopons systems, reducing our
dependence on imports to safeguard the
nation’s security.

Drones are valuable fer various applications
such as surveillonce, disaster management,
agriculture, and logistics. In the drone tech—
nology field, the government has formulat-
ed policies aond regulations to govern their
operation and has established platforms for
R&D to enhance their capabilities.

The government also recognises the impor-
tance of weather ond natural disaster fore-
casting for the safety and well-being of its
citizens. It has implemented initiatives to
enhance meteorological capaobilities and
disoster management systems. Similarly,
the National Quantum Mission is an-ambi-
tious initiotive aimed at developing and
harnassing quantum technologias. It focus-

es on R&D in guantum compliting, commu-
nication, and sensing.

The National Supercomputing Mission aims
to establish o robust supercomputing infra-
structure in India. it involves the deployment
of high-performance computing systems
ageross the country and the development of
indigenous supercomputing technologies,
while the National Ceospatial Policy (NGP)
focuses an the development and utilisation
of geospatial dota ond technologies for
various applications.

Artificial Intelligence (Al) is a rapidly evolving
field, eand the government recognises Hs
transformative potential. It hos launched
initiatives to promote Al research and devel-
opment, foster collaborations between aca-
demia and industry, and create a skilled Al
workforce. These initiotives aim to leverage
Al technologies in various sectors such as
healtheare, agriculture, transportation, and
govarnance to enhance efficiency, accura-
cy, and decisien-making copabilities.

The National Mission on Interdisciplinary
Cyber-Physical Systems (NM-ICPS) aims to
integrate various technologies such as A,
robotics, Internet of Things InT}, and alto-
mation to create intelligent and intercon-
nected systems. Lastly, the government
recognises the importance of advanced
materials and manufacturing for driving
tachnological advancements and eco-
nomic growth.

There are many ways in which India is seek-
ing to develop its capabilities in science
and technology. These includs, enhancing
institutionol capocities, encouraging public
private partnerships, identifying and pro-
moting key acreas of research and develop-
ment and recognising innovation as the
way of life. Investing in systemic capability
building will thrust india into becoming a
global superpower in coming decades.



m Startup and
Innovation

India’s emergence as a global startup centre has been one of our standout successes in the
lost decade. Whether it be how we buy groceries or get milk delivered to our homes, order
from our favourite restaurants to buy niche produets, find cabs in a new city or find new doc-
tors, almaost every aspect of our lives hos been touched by startups in recent years. Racantly,
India’s spoce journey got a boost™ to a higher orbit by startups.

Startups are not just new companies or
small companies. They are, in essence,
experiments to identify new markets, new
technologies or products, or a new way io
address a consumer's unstated need. They
represent the aspiration and ambition of
youth, and the freedom to find a way where
nane exists.

To foster entrepreneurship and promote
innovation, the Hon'ble Prima Minister of
India announced the launch of the “Startup
India” initiative on 15" August 2015. For India
io become a nation of job creators and not
job seekers, the government is focussing on
startups as the driving force for Indian eco-
nomic growth. Startup India is a flagship
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initiative of the Gol, intended to catalyse
startup cuiture and build a strong and
inclusive ecosystem for innovation and
entrepreneurship in India, The government
provides sector-agnostic schemes, pro-
grams, and overall support to stortups
through incentives such as tax benefits,
easier compliance, and intellectual proper-
ty rights focilitation*=

The Startup India initiative has seen phe-
nomenal growth since 2016. As shown in the
Figure 4 below, till 23" March 2023, a totol of
95,726 startups have been recognised by
the Department for Promotion of Industry
and Internal Trade (DPIIT) across 57 sectors
and 669 districts.
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Figure 4: Growth of Startups on a year on year basis (Source: DPIT inputs)
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BIRAC - Empowering and strengthening biotechnology innovation and
entrepreneurs

In its first decade of existence, Biotechnology Industry Research Assistance Council (BIRAC) has
been instrumental in empowering bioctechnological innovation in India. It provides funding sup-
port for ideation to proof of concept through schemes, setting up bio-incubation centers,
equity funding to early-stage startups, networking, mentorship, and showcasing.

10 YEARS OF BIRAC: Nurturing & Strengthening Biotech Innovation Enterprise

75 800+ SO0 350+ 6300+ Cr
Incubation Productsin  “ponups/other Academia Total
Centres market supported supported Investment

30,000+ 1300+ 4000+Cr 70,000+#Cr 3900+Cr

High skilled Follow-on-funding Startup BIRAC
10Lakh+ 25,000+ 100+ 0000+ 2400+ Cr
Proposals International Mentor Pool Co-funding by
enter preneurs
engaged assessed Partnerships industry & Others

Image 4: Achievements of BIRAC {Source: BIRAC wehsits]

Key achievements of BIRAC
FUNDING SUPPORT:

Biotech Ignition Grant has supported over 850 innovative ideas by entrepreneurs and
startups.

- Students Innovations For Advancement Of Research Explorations - Gandhian Young Tech-
nological Innovation (SITARE-GYTI) has supported 85+ scholars, and Biotech Innovation
ignition School (BIIS) workshops have trained over 600 students across 26 states and 90+
districts.

- Empowering Youth For Undertaking Value-Added Innovative Transigtional Research
(Evuva) has supported over 250 student entrepreneurs (UG and above).



INCUBATION CENTERS:

BIRAC has set up 75 Bio-incubation Centers across 21 States{UT, supporting 1800+ incu-
batees.
More than 800 products developed by incubatees are in the market.

EQUITY SUPPORT PROGRAMS:

- About 150 startups have been supported through equity funding.

. 60-70% of these startups have generated INR 545 crores (10x) follow-on funding ot a
valuation of INR 3,065 crores.
Over 50 products from supported startups have reached the market.

BIOTECH STARTUP EXPO AND STARTUP CONCLAVE:

« The first-of-its-kind Biotech Startup Expo featuring 300 startups and enablers was inau-
gurated by the Hon'ble Prime Minister.

« Startup Conclave was introduced as a sub-event under the India International Science
Festival 2022.

BIOTECH SHOWCASE E-PORTAL:

A portal featuring over 750 innovative products and technologies from BIRAC-supported
startups is available at www.biotechinnovations.com

Table I: Key Initiatives, Policies and Reforms under Startup India
Initiative

Startup India Seed Fund Scheme - Financial Outlay - INR 945 crores

Financial assistance to startups for proof of
concept. prototype development, product
trials, market-entry, and

commercialisation

The Seed Fund is disbursed to eligible
startups through eligible incubators across
India.

Fund of Funds for Startups . Corpus fund of INR 10,000 crores fund
managed by Small industries
Development Bank of India f SIDB!)

The government participates in the capital
of Securities and Exchange Board of India
(SEBI) registered Venture Funds, which
invest twice the amount in startups.




i

Initiative Description

Intellectual Property Rights (IPR)
benefits

Fast-tracking of startup patent
applications

A panel of facilitators to assistin IP
applications

Rebate on the application filing fees.

Relaxation in public
procurements norms

Exemption on Prior Turnover, Prior
Experience and Earnest Money Deposit

DPIIT recognized that startups can get
listed as sellers on the Gol's largest
eprocurement portal i.e. Government
e-Marketplace (GeM).

Faster exit for Startups

Self-certification under Labour
& Environment laws

Startups may wind up operations within
90 days vis-a-vis 180 days for other
companies.

Allowed to seif-certify their compliance
under 9 Labour and 3 Environment laws
for a period of 3 to b years from the date
of incorporation.

Tax exemption and credit
guarantee schemes

The recognised startups that are granted
an Inter-Ministerial Board Certificate are
exempted from Income Tax for a pericd
of 3 consecutive years out of 10 years
since incorporation

A DPIiT-recognised startup is eligible for
exemption from the provisions of section
56(2) (viib) of the Income Tax Act 1861,
thereby being exempted from taxes on
investments above fair market value.

Mentorship and capacity
building

Startup India organised a series of startup
workshops Accelerating Startup Calibre &
Entrepreneurial Drive (ASCEND) for existing
entrepreneurs, aspiring entrepreneurs, and
students from the Northeastemn region

The Mentorship, Advisory, Assistance,
Resilience, and Growth (MAARG) program
is developed with the idea to be accessible
from every corner of the country fo request
and connect with a mentor.
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ATAL INNOVATION MISSION

Atal Innovation Mission

The Atal innovation Mission (AIM) is a flagship initiative set up by the National Institution for
Transforming India (NITI Aayog) in 2016 to promote innovation and entrepreneurship across

the country.

AlIM focuses on creating and promoting an
ecosystem of innovation and entrepre-
neurship across the country at school, uni-
versity, research institutions, and industry
levels. The two core functions of the AIM
include providing support and mentorship
to entrepreneurs and provide a platform
for innovative ideas.

AIM has implemented multiple programs to
foster and support innovation in the country
such as:

Atal Tinkering Labs (ATL): AIM has set up
state-of-the—art ATLs in schools across the
country to promote a creative and innova-
tive mindset among students. These labs
provide DIY kits on latest technologies like 3D
printers, robotics, and loT to enable students
from Grade VI to Grade Xl to tinker and
create innovative solutions.

Atal Incubators (AICs): AIM is establishing
world-class AICs at universities, nongovern-
mental organizations (NGOs), small and
medium-sized enterprises (SMEs), and cor-
porate industries to support sustainable
startups in various sectors. The program
aims to promote entrepreneurship and job
creation, both in commercial and social
sectors.

Atal Community Innovation Centres
(AciCs): To extend the benefits of technolo-
gy-led innovation to underserved regions,
AlM is setting up ACICs in Tier |, Tier lll cities,
aspirational districts, tribal, hilly, and coastal
areas. The program operates through a
partnership-driven model, where AIM grants
funding subject to matching funding from
pariners.

Atal New India Challenges and Atal Grand
Challenges: AIM is launching challenges in
specific areas of national importances,
encouraging technology-driven innovations
and product creation. Successful applicants
receive grants for their innovative solutions.

Mentor of Change: AIM is promoting active
collaboration between government, aca-
demiq, industry, and global entities through
mentorship programs. The Mentor India
network connects industry professionals
with students ot ATls and AIC incubo-
tors/startups.

Atmanirbhar Bharat ARISE-ANIC: This
national initiative aims to promote research,
innovation, and competitivenass among
Indian startups and MSMEs. AIM collaborates
with ministries and industries to catalyse
research and innovative solutions to sec-
toral problems.

One of the leod outhors of this report, Mudit Naroin, wos part of the Al founding team i 2006-17. He hod no functichaol or opesational role with
Al ot the time of drofing of this repart.




Variocus arms of the government have
joined hands to deliver on national priorities,
such as the Startup India Mission.

For example, C5IR promotas the productisa-
tion of innovative projects in CSIR laborato-
ries. The Atal Incubation Centre established
with CSIR-Centre for Cellular and Molecular
Biclogy (CCMB) nurtures early-stage inno-
vators and startups in the life sciences and
healthcare domains. Over the years, it has
supported maere than 20 startups through
various incubation programs, funding, and
acceleration initiatives. These startups have
raised funds exceeding INR 200 crores, filed
30 potents, aond created employment
opportunities.

Venture Center, o science and technoloc-
gy-based business incubator under
CSIR-National Chemical Labaratory (NCL)
supports IP-rich startups ocross sectors and

has incubated over 70 resident startups,
with a total of more than 700 knowledge-in-
tensive enterprises and innovators benefit-
ing fremn its progroms. Venture Center has
filed numerous patents and trademarks,
secured substantial funding, and generated
significant revenue. it has become a role
model for science-based incubators in the
country. Working with AIM, it developed a
handbook colled AM-Prime to support
scientists to bring their technologies to the
market, through user-informed design prin-
ciples. This collaboration will allow more
Indian science entrepreneurs to develop
products to improve the lives of Indian
citizens and strengthen the Indian economy.

Many other such cross-ministerial collabo-
rations are starting to yield results in the
innovation and entrepreneurship space.

The road ahead

The Government aims to expand the foot-
print of the flagship Startup India initiative by
building on its success through the following
mechanisms:

« Startup India Investor Connect initiative
which connects stortups and investors
that intend to occelerate engagements
across diverse sectors, functions, stages,
geographies, and backgrounds. The plat-
form uses Al based matehmaking to con-
nect startups with investors who are a
good fit for their business.

« Startup 20 wos an initiotive of India's pres-
idency of G20 in 2023 that gspires to build
a globaol narrative for supporting startups
and enabling synergies between startups,
corporates, investors, innovation agencies,
and other key ecosystem stakeholders.
The group will work together to enable
stortup financing models and bring
coherence and co-creation, especially for
sectors of global importance.

* Capacity building and supporting
women entrepreneurs by mentoring,
training, and moenitoring the progress of
selected incubators, and developing
frameworks to ensure that best practices
are shared among the incubator ecosys-
tems.




1.1.1

ACHIEVEMENTS
INSPACE

Charaocterised by a vision to use space technolegy for national development, ISRO was set up
in the early 1264s, in the middle of the Cold War Space Race; to leave India’s imprint on the Final
Frontier. Over time, the world has started noticing and appreciating India’s achievementis in
space such as the lowest-cost Mars orbiter Mangaolyaan, the first probe to verify the presence
of water on the Moon, the Chandrayoan-1, and the GPS enabling Polar Satellite Launch Vehicle.
Among policy reforms, the creation of NewSpace India Limited (NSIL) to own operational launch
vehicles and space assets, along with the IN-SPACe as the nedal agency for space activities by
non-government entities is a first of-its kind venture to make the private sector a fellow traveler
in this domain.

Novel interventions

Indian missions have achieved ground-
breaking feats such os the Mars Orbiter
Spacecraft, which successfully entered the
orbit around Mars, and most recently, the
Chandrayaan-3 mission to the Moon with the
historic Lunar Landing ot the South Pole of the
Moon on 23 August 2023. The Chandrayaan
missions have been a fantastic example of
the growing contributions of the privote
sactor into spoce such as Godre| Aerospace
playing an important role in all three mis-
sions.: In the Chandrayaan-1 and Chan-
drayaon-2 missions, Codrej Aerospoce con-
tributed various components such as the
Vikas engine, thrustors, and critical parts for
remote sensing antenno and ground system
antenna for Chandrayaan-l, and the LD
engine and CE20 engine for the GSLV Mk Il
launcher, thrusters for the Orbiter and Lander,
and components for the DSN -antenna for
Chandrayaan-2+. They have continued to A 5 ot's Vikram-1 i A

supply critical components to ISRO's Chan- Sriharikota (Source: ISRO twitter)
drayaon-3 mission. . : ——




Apart from this, the first successful flight of
an indigencus Cryogenic Upper Stage, the
experimental flight of the next-generation
GSLY ME=I lounch vehicle, and the estab-
lishment of the Navigation with Indian Con-
stellation (NavIC) are noteworthy achieve-
ments. Notably, the record-breaking launch
of 104 satellites in o single mission (PSLV
C37) showcased India’s growing prowess in
space technciogy. The momentous
Gaganyaan Program, approved in 2018,
marks Indios entry into human space
exploration, intending to demonstrate its
copability to undericke crewed missions to
Low Earth Orbit (LEO) and safely recover the
astronauts upon comypletion. The establish-
meant of the Human Space Flight Centre
(HSFC) further underscores India’s commit-
ment to fostering human spaceflight activi-
ties and spearheading advancements in
this domain.

ISRC haos also launched Aditya L), the first
Indian space mission aimed at studying the
Sun with o budget of INR 378.53 crores. The
mission, which launched the satellite on 2™
September 2023, will focus on understanding
the dynomics of the Sun's corong and its
impact on Earth's climate and weather pat-
terns, including the crigins of solar storms
and phenomena like coronal mass ejections.
By studying the Suns corong, the Aditya Ll
mission can enhance space weather fore-
costing, aid in mitigating climate change
impacts, and inspire scientific curiosity and
innovation.

Image 6: PSLV C56/DS-SAR Mission
(Source: ISRO Website)

In the context of an ever-expanding
dynomic and inclusive market economy,
India implemented crucial reforms in 2020
aimed at encouraging private sector par-
ticipation and providing a predictable regu-
latory framework.

The formulation of the Indian Space Policy
2023 provides a comprehensive roadmap
for the growth and development of the
space sector. NSIL, a PSU (Public Sector
Undertaking) under the Department of
Space, hos been empowered (o own opera-
tional launch vehicles and space assets. The
IN-SPACe has been set up as the nedal
agency for spoce activities by non-govern-
rment entities, to provide a level playing field
for all stakeholders while also being respon-
sible for actively supporting and promoting
startups in the space domain. It facilitates
infrastructural support by enabling the utili-
sation of capital-intensive facilities, provides
intellectual support through technological
mantorship from experiencead ISRO experts,
and offers earlystage funding through o
dedicated stortup seed fund. Additionally, a
diffarential pricing policy is being developed
to facilitate technolegy transfer and access
to Farth observation dataf products from
ISRO for startups.

- - =5 — TR

Image 7 The firing of Dhawan-J, India's irst
privately built fully Cryogenic Engine

(Source: Skyroot Aerospace twitter)




Apart fremn this, there have been advancements in launch vehicle technology, such as the
successful flight of the indigenous Cryogenic Upper Stage and the experimental flight of the
G5LY MK Il Establishment ond Operationalisation of NaviC which provides highly accurate
position, navigation, ond time information to users in India and its surroundings, as well as
the launch of the first dedicated Indian astronomy mission — AstroSat — launched in Sep-
tember 2015, aimed at studying celestial sources Iin X-ray, optical and UY spectral bands

simultaneously.

Table 2: Key outputs

] Output

Space Technology
for Governance
and Development

increased frequency of
Space Missions

Major Missions

Reforms in the Space Sector

Description

National Meet in September 2015 to strengthen
and expand the use of space-based technology in
governance and development - included govern-
ment-stakeholders, including Secretaries to the Gol
and state government representatives, and pre-
sented a joint Plan of Action prepared with ISRO for
enhanced space technology utilisation.

45 spacecraft missions, 43 launch vehicle
missions, and b technology demonstrators
sinege 2014,

Successful flight with indigenous Cryegenic
Upper Stage in GSLV Db (January 2014
Successful entry of Mars Orbiter Spacecraft
in orbit around Mars [Sepiember 2014).
Expa}gimentﬂl flight of GSLY MKIIl (December
2014).

Establishment and cperationalisation of
Navigation with Indian Constellation
(Navic)

Launch of AstroSat, India's first dedicated
astronomy mission (September 2015)

PSLV C37 launch placing 104 sateliites in
orbit (2017)

Chandrayaan-2 mission to the Moon (July
2018).

Launch of Vikram-1, India’s first privately
developed rockst by Skyroot Aerospace
Successful flight of Small Satellite Launch
Vehicle (55LV - D2) (February 2023)

The iounch of PSLV-Cb6 carrying D5-5AR
satellite (July 2023)

Successful Chandrayaan-3 mission o the
moon with the first successiul South Pole
Lunar landing.

Creation of NSIL to own operational launch
vehicles and space assets, olong with IN-5PACe
ds the nodal agency for space activities by
non-government entities.



Output

Mechanisms for PFromoting
and Enabling Startups

Gaganyaan

increasing Private Activities
in Space

Capacity Build-up in Indian
Industries

Description

Infrastructural support, inteilectual support,
institutional support, stortup seed fund. and
differential pricing pelicy.

Gaganyaan waos approved in 2018, aiming to
demonstrate human space flight capability to
LEC. Successiul Pad Abort Test reglisation of
test launch vehicle, advanced stage of crew
moduie realisation, and qualification tests
done so far

Over 200 proposals received by IN-SPACe,
more than 160 space startups in 2022 from 1 in
2014, increased Foreign Direct Investment (FDI)
from $6 Mn in 2018 to over 5111 Mn in 2022

Hindustan Aeronautics Limited (HAL) and
Larsen & Toubro (L&T) consortium for
production of PSLV lounch vehicles, transfer of
tachnology to boost indigenous spacecraft
development

Image 8: Launch of the LVM3-M4 / Chandrayaan-3 Mission on 14™ July 2023
(Souree ISRC website)
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Image & Chandrayaan-3 rover [Source ISR0 website)

Chandrayaan 3: Lunar Landing
by India

23" August 2023 will forever be etched inthe
hearte of Indians as ISRO’s Chandrayoan-3
demonstrated successful soft-landing on
the moon. With this feat, India become the
fourth nation to land on the mecon and the
first to lond ot the South Pole of the Moon.

Aftar o successful soft-landing through
Vikram, the londing moedule, the mission's
lunar rover, Pragyan will navigate and con-
duct in-situ testing on the lunar surface. The
lander and rover will study the lunar surface
of the South Pole, and conduct scientific
experiments in an unexplored area. As the
mission continues, the data that the lander
and rover will send back to us will.allow us to
visuaglise and understond a hitherto
unknown territory.

The lunar landing is a tremendous achieve-
ment for Indiag, catapulting it into an elite
group of nations in space explorotion.
Chandrayaan-3 will forever remind our
nation that we have the scientific ability, the
technologicaol know-how and the determi-
nation to push our capabilities to deliver for
the nation and, indeed, the world.

Citizen Impact and National
Priorities

India’s journey into space over the last
decade hos been characterised by an
unprecedentad scale of development This
has been the result of funding and facilitation
of R&D within the sector and has resuited in
innovations with downstream benefits for
india’s eitizens. The rapidly increasing Earth
observation sotellite fleet enables better
monitoring and management of resources,
weather forecasting, and disaster responsa,
along with communication services across
the country

The role of the Indian Space Paolicy to aestab-
lish o predictoble ond level playing field in
the space sector has resuited in privote
players interested in building small sotellites
and rockets in India. Driven by lower produc-
tion costs, minimal infrastructure reguire-
ments, the use of commercial-off-the-shelf
components, reduced testing requirements,
sconomies of scale, and lower launch costs,
this shift has the potentiol toc occelerate
space innovotion and moanufacturing in
India exponentially. Increasing FDI inflows
enabled by Production Linked Incentives
(PLle) and technology transfer schemes
within the sector oireody suggest a move
towards Indic becoming o spoce manufac-
turing hulb:

i,
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IDEX: EMPOWERING
INDIGENOUS
INNOVATIONSIN
DEFENCE

4" FacTsmeT

Year of Union 2018
Cabinet Approval

Financial Outlay INR 488.80 crores from 2021-22 to 2025-26

Objective Indigenisation: Accelerated development
of indigenous and innovative technology.
Innovation: Cultivate engagement with
startups, MSME's, individual contributors and
academia to foster co-creation.

Key Achievements - Following on the success, IDEX-Prime
launched in 2022 to support stortups for
projects beyond INR 15 cfores up to INR 10
crores.
IDEX received the Prime Ministers Award for
Excellence in Public Administration 2021
under the Innovation (General) — Central
category

Current Status*® +  To date, more than 7500 applications
received from individual innovators, MSMEs
and startups.

More than 300 startups engﬂged

Milestone 250" contract signed in May 2023
Defence India Start-up Challenge (DISC 8)
launched in March 2023




+ VIDEX

Innovations for
Defence Excellence

PM Awardee -

INTRODUCTION

IDEX is @ ploneering initiotive launched by
the Gol to foster innovation, indigenisation,
and technological odvancements in the
defence sector. IDEX aims to harness the
mmense potential of startups, MSMEs
research institutes, and academia io
aoddress the complex challenges faced by
the defence industry

Jait]

IDEX was conceptualised with the recognition
that innovation is the lifeblood of progress
and transformation in any sector, especially
defence. It aims to ignite innovation by creat-
ing an ecosystem that fosters collaboration,
knowledge exchange, aond technology trans-
far among diverse stokeholders. By engaging
startups, MSMEs, research institutes, and
academia, IDEX seeks to tap into its creative
potential to develop disruptive solutions, cut-
ting-edge technologies, and indigenous
capabilities that strengthen Indias defence
sector.

The Catalyst

At the heart of the conceptualisation of IDEX lies the essence of Aatmanirbharta. It encap-
sulates a vision of diminishing reliance on foreign imports and nurturing the development
of indigenous capabilities to cater to the distinctive defence requirements of the nation
effectively. Aatmanirbharta in the defence sector finds its impetus in the pursuit of bolster-
ing national security, fostering strategic autonomy, and nurturing the seeds of economic

growth by

Promoting domestic manufacturing of defence equipment to reduce reliance on
imports. Investing in R&D to foster innovation and create cutting-edge technologies.

Encouraging defence exports to enhance self-reliance and contribute to the economy.
Supporting startups, MSMEs, and innovators to drive indigenisation and self-reliance
through initiatives like iDEX




Image 10 Fire Fighting Bots procured for the
Indian Navy through the iDEX SPRINT initiative
(Source iDEX Twittsr)

Key government
interventions*®

The government complemented its impas-
sioned call for self-reliance in the defence
sector by enacting a series of policy reforms
to liberalise the heavily regulated and mo-
nopolistic defence production market
Some of the key reforms are as undar.

+ Priority to Buy Indian (IDDM) Category:
The government has prioritised the pro-
curement of capital items from domestic
sources under the Defence Acquisition
Procedure (DAP)-2020, emphasising
indigencus design, development, and
manufacture of defence eguipment

* Positive Indigenisation Lists: The gov-
ernment has issued Positive Indigenisa-
tion Lists' for both Services and Defence
Public Sector Undertakings (DPSUs), com-
prising a total of 41l iterns and 3,738 items,
respectively. Import beyond specified
timelines for these items is embargoed,
encouraging domestic production.

Simplification of Industrial Licensing
Process: The government has simplified
the industrial licensing process, providing
longer validity periods and making it
ensier for companies to obtain licences
for defence manufacturing.

Liberalisation of FDI Policy: The FDI palicy
has been liberalised, allowing up to 74%
FDI under the automatic route and
encouraging foreign investment in the
defence sector.

Simplification of Make Procedure: The
Moke Procedure has been simplified to
promote indigencus development and
manufacturing of defence eguipment,
allowing more domestic industry and
startup participation.

Mission DefSpace: The government has
launched Mission DefSpace to enhance
Indias capabilities in the space sector,
promating self-reliance and innovation
in defence-related space technologies.

IDEX Scheme: The IDEX scheme encour-
ages startups and MSMEs to contribute
their innovative ideas and technologies
to address defence challenges, fostering
innovation and indigenisation. Riding on
the success of IDEX, the government has
also launched IDEX PRIME in 2022 to sup-
port startups for projects beyond INR 15
crores up to INR 10 crores.

Public Procurement (Preference to
Make in India) Order 2017: The imple-
rmentation of this order gives preference
to domestic manufacturers in public
procurement, promoting indigenous
production and reducing dependency
on imports.

SRIJAN Indigenization Portal: The SRIJAN
portal facilitates indigenisation by Indian
industries, including MSMEs, providing o
platform for collaboration, information
sharing, and support for indigenous
manufacturing in the defence sector.

Reforms in Offset Policy: The offset
policy has been reformed to attroct
investment and facilitote technology
transfer for defence manufocturing,
focusing on domaeastic industry develop-
ment.



« Defence Industrial Corridors: Establishing
two Defence Industrial Corridors in Uttar
Pradesh and Tamil Nadu aims to create
specialised ecosystems for defence
manufacturing, prometing investment,
innovation, and employment ocpportuni-

Has,

+ Allocation of R&D Budget: The govern-
ment has earmarked 25% of the R&D
budget for industry-led research and
development, encouraging collaboration
and innawvation in the defence sector.

These policy interventions exemplify the
governments steadfast dedication to
fostering self-relionce, indigenisation, and
technological progress within the Indian
defence manufacturing and technology
sector. These initiatives hove catalysed the

remarkable achievements of the IDEX
model.

The iDEX working model

iDEX engoges with stakeholders in the

defence sector to identify specific problem
statements or challenges. These statements
are released through Open Challenges or
Defence India Startup Challenges (DISC).
Startups, MSMEs, research institutes, aca-
demig, and individual innovators are invited
to submit proposals addressing these probo-
lem statements
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A rigorous evaluation process conducted by
domain experts ond industry professionals
selacts the most promising proposals based
on innovativensess, feasibility, technical
viability, ond scalobility. Selected proposals
receive support and funding from IDEX
including finoncial ossistance, cccess (o
infrastructure; mentorship, and guidance for
prototype development.

iDEX fostars collaboration and networking by
connecting innovators with industry experts,
defence organisations, potential customers,
investors, .and mentors. This network helps
establish partnerships for enhanced viability
and marketability. Successful innovators get
opportunities to deploy and demonstrate
their solutions within the defence establish-
ment through pilot projects and integration
into defence systems.

Continuous feedbock ond iterotion are
ancouraged throughout the process, allow-
ing innovators to refine and enhance their
solutions based on specific defance
requirements. IDEX supports the scale-up
and commercialisation of successful inno-
vations, Gss1-=t|ng in securing contracts and
orders from defence organisations and
focilitoting maorket cccess for sustained
growth and impact
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Image 1 DEFCONNECT 2.0 event (Source (DEX website)
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Image 12: The Indian Army has signed a contract for the Tactical LAN Radio, state of the art high
bandwidth backhaul wireless radio equipment for provisioning of reliable and failsafe
communication, through IDEX (Source Press information Bureau, 8 June 2023)

Image 13: A showcase of drones developed by IDEX startups (Source (DEX wabsite)




Key achievements

* IDEX has been awarded the prestigious
Prime Minister Award for Public
Administration in Innovation Category for

+  the year 2021,

Under IDEX, 233 problems hove been
cpened, more than 300 stortups hove
been engoged, and 250 contracts have
been signed to date.

IDEX Prime framework under IDEX waos
lounched in 2022 to support startups with
Grant-in-Aid up to INR 10 crores to enable
the development of high-end solutions.

Conclusion
Indigenisation of the Indion defence sector

and the lounch of IDEX go hand in hand.
Indigenisation is the overarching ocbjective,

driven by the need for seif-reliance In
defence, while IDEX operationalises this
vision by promoting innovation, indigenisa-
tion, and technological development

through its specific programs and initiatives.

iDEX provides a structured fromework and
platform to tap into the immense talent and
entrepreneurial spirit of the Indian innova-
tion ecosystem. By encouraging indigenous
innovation, IDEX aims to reduce depen-
dence on foreign technology, enhance
domestic manufocturing, and elevaote
India's pesition as a global leader in defence
capabilities.

One of the ieod outhors of this report, Mudit Noroin. hod been engoged in the design ond initiotion of iDEX in 2007-18. He hod no functionol or

operotional engogement with IREX ot the fime of drofting of this-report
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1.1.3

INDIA'S SOARING
JOURNEY IN THE
DRONE SECTOR

Autonomous flying vehicles were a central portion of many science fiction books till barely a
few years ago. And today, most of us have seen drones of some kind or the other or even
controlled them with our own hands. The prograss on drones around the world in the last few
years has been gstounding, and India has kept pace in most areas.

CDrones, or Unmanned Aericl Vehicles
{UMISJ. are aircraft that operate without a
crew onboard. They can be controlled
remotely or operate autonomously, relying
on sensors and Light Detection gnd Ranging
(LiDAR) detectors ta navigate their flight
paths.

Drones were initially confined to warfare, but
since the 1980s, their opplications have
expanded. They are now used for intelli-
gence gathering, surveillance, comibbat mis-

building and pipeline inspections, landmine
detection, agricultural and forest mapping,
rescue operations, surveying, filming, and
delivering essential supplies during calami-
ties to inaccessible greas, Their versatility
has revolutionised various industries and
provided -efficient solutions to complex
challenges. Lleveraging its troditional
strengths in innovation, information tech-
nology, and frugal engineering, coupled
with o vast domestic markeat, India is poised
to become a global drone hub by 2030.

sions, and humanitarian purposes. In the
civiian realm, drones perform tasks like

Table 3: Drone usage in different sectors

Sector Usage

Agriculture Useful for crop monitoring, precision agriculture,
and yield optimisation. They provide real-time
dota on crop health, nutrient levels, and water
requirements, enabling farmers to make

informed decisions and improve productivity.

Facilitate efficient surveying and mapping of
construction sites, monitoring project progress.
and conducting inspections of infrastructure
such as bridges, buildings. and power lines.
They enable accurate measurements, reduce
human error, and enhance safety.

Infrastructure &
Construction

Important for disaster response and recovery.
They aid in search and rescue operations,
deliver essential supplies to affected areas;
assess damage, and provide emergency
responders with situational awareness.

Disaster Management



Sector Usage

Logistics & Delivery Drones are increasingly being explored for
last-mile delivery in both urban and rural areas.
They offer fast and cost-effective delivery of small
packages. medical supplies. and emergency
supplies, especially in hard-to-reach or remote

locations.
Envircnmental Environmental conservation and research purposes.
Monitoring They help monitor wildlife populations, survey

habitats, assess forest cover, and track ecosystem
changes. Drones also support anti-poaching efforts
and help combat illegal activities such as
deforestation and wildlife trafficking

Media & Entertainment Drones have revolutionised the field of
cinematography, providing stunning aerial footage
and unique perspectives. They are employed in
filmmaking, sports coverage, and event
photography, enabling creative storytelling and
captivating visuals,

Security & Surveillance Drones offer enhanced capabilities for security ond
surveillance purpeses. They are utilised in border
surveillance, crowd monitoring, critical infrastructure
protection, and law enforcement operations,
providing real-time video feeds and intelligence

gathering.
Research & Drones are valuable tools in scientific research and
Development development. They support data collection in

various fields, such as atmospheric research,
archaeological surveys, geclogical studies, and
wildlife conservation, enabling researchers to
access remote or hazardous areas.

Key government interventions*®

Till the early 2010s, the use of drones in Indio was sporadic and unregulated, with a heavy
relionce on imports and it was an unorganised industry. However, recognising the global
significance of drones and their diverse applications, the current government prioritised the
development of the drone industry and its potential. Embracing a self certification and
trust-based approach, the government has implemented several key initiatives to foster
growth and innovation in this transformative sector.
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Image ltnmnpapplbaﬂnm in the uyrimm;m sector ( Source: Drone Federation of india Inputs )

1. Liberalised Regulatory Framework

The Drone Rules 2021:

One significant step wos the repeal of the
old drone rules and the introduction of
the liberalised Drone Rules, 2021 on
August 25, 202]. These rules streamlined
the drone policy by reducing the number
of forms frem 25 to 5 ond simplifying the
fee structure from 72 types to 4. This liber-
alisation provided a boost to the industry,
paving the way for smoother cperations
and greater accessibility.

Aatmanirbharta through Production -
Linked Incentive (PLI) scheme:

To incentivise demestic drone manufac-
turing and innovation, the government
introduced the PLI scheme for drones on
Septembar 30, 2021 With an allocation of
INR 120 crores, this scheme offered a con-
sistent PLI rate of 20% for three years, an
exceptional treatment provided exclu-
sively to the drone industry. This initiative
gimed to encourage indigenous produc-
tion and balster the growth of the sector.

+ Opening up Indian airspace

Another crucial milestone was the publi-
cotion of the drone airspoce map on
September 24, 2021, in collaboration with
numerous entities across Union Ministries,
States, and Union Territories. This map
designated nearly 90% of Indion airspace
as o green zone for dronas flying up to
400 feet, eliminating the need for parmis-
sion to operate drones within this range.
Furthermore, the requirement for security
clegrance was abolished, focilitating a
more streamlined and efficient operation
of dranes.

(Source Digital Sky platform on Directorate
Geanaral af Civil Aviation website)



2. Establishment of guidelines and em-
bracing digitisation

« UAS Traffic Management Policy Frame-

work:

To ensure efficient management of
drone traffic, the UAS Traffic Management
(UTM) Policy Framework was published
on COctober 24, 2021 This framework
astablished guidelines for the safe and
seamiess integration of drones into the
airspace, fostering a conducive environ-
ment for their widespread use.

Digital Sky Platform:

The government also launched the Digi-
tal Sky Platform, making all five applica-
tion forms under the Drone Rules, 202]
available online since January 26, 2022,
This digital platform streamlined the
application process and facilitoted egse
of access for drone operators.

Ban on imports:

On February 9, 2022, India introduced o
drone import policy that prohibits the
import of drones and drone kits. However,
the import of components remains unre-
stricted, aiming to stimulate domestic
intallectual property creation in the drone
industry.

Ease of obtaining licencses:

On February 11, 2022, the Drone Amend-
ment Rules were announced, eliminating
the need for a drone pilot licence. Instead,
o Rermote Pilot Certificate (RPC issued by
o DGCA-authorised drone school) is now
sufficient for operating o drone in india.

3. Promotion of the drone sector:

Drone melas:

These have been orgonised in 12 states
across the country to highlight the use
cases and the policy reforms.

Image 16: Drene Outreach Program in
Gujarat 202] (Source: Ministry of Civil
Aviation website) -

-

Bharat Drone Mahotsav 2022:

An exhibition-cum-conference, took
place from May 27-28, 2022 ot Pragati
Maidan. The event was graced by the
presence of the Hon'ble Prime Minister as
the Chief Guest and witnessed participa-
tion from leaders in government, armed
forces, diplomatic corps, industry, start-
ups, and academia. The exhibition drew
over 70 drene exhibitors and welcomed
10,000 visitors.

Stakeholder role:

Promoting the drone ecosystem involves
key institutional stakehclders such as the
Ministry of Civil Aviation, Ministry of Home
Affairs, Ministry of Commerce and Indus-
try, and various state governments. Addi-
tionally, the private sector plays a vital
role as a significant stakeholder, driving
the proliferation of drone technolegy and
its applications.

Key achievements?®’

-

Growth in manufacturing: More than 80
drone manufacturing units have been
established in Indio. The drone industry
witnessed significant growth following
the liberalisation of policies in 2021 Reve-
nue soared from INR 88 crores in FY
2020-21 to INR 318 creres in FY 2021-22,
marking an impressive growth rote of
approximatety 261%.

Increased interest from the private
sector: Interest from beth startups and
@stablished corporates in the drone
sector has been on the rise. From August
2021 to Februory 2022, the numbeaer of
drone startups in India increased by
34.4%, reaching a total of 221.

Growth in Research & Development:
Drone companies have filed approxi-
mately 37 patents related to technolo-
gies like prepeller safety in automaoted
aerial vehicles since 2015.
Incentivisation scheme: Under the PL
scheme for drones and drone compo-
nents, manufocturers received incentives
amounting to gpproximately 29 crores
for the fiscal year 2021-2022.

Growth of the Drone service market: Tho
drone service market in Indio was valued
at $1304 million in 2020 and is projected to
reach $4,918.9 million by 2030, with a com-
pound annual growth rate (CAGR) of 44.4%
Specifically, the drone maintenance, repair,
and overhaul (MRO) services and drone
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training and education services seg-
ments are expected to grow ot a CAGR
of 46.8% ond 452% respectively until
2030.

Wide adoption of drone technology:
Drones are being extensively adopted
by both the government and private
sector for various gpplications. These
include land record creation under the
Svamitva scheme, pesticide spraying,
infrastructure monitoring, construction

way track inspections,; oill ond gas pipe-
line surveillance, wildlife monitoring,
ond medicine and vaccine delivery.
Additionally, the armed forces are pro-
curing dronas en a large scale through
expedited processes.

Skilled workforce pipeline: To meet the
industry's demand for skilled profes-
sionals, 50 drone training schools have
been established nationwide, training a
total of over 3,876 drone pilots to date.

menitoring of naticnal highways, rail-

Conclusion

Indic’s drone sector has experienced remarkable growth and achieved significant mile—
stones over the past decade. With the liberalisation of policies, the sector withessed a surge
in drone maonufacturing units, attrocting both startups and aestablished corporates. The
future potential of the drone sector in india is immense. The government’s initiatives, such
as the liberalised Drone Rules, PUs, and the establishment of drone training schools, have
laid a strong foundation for continued growth. The sector is expected to witness further
advancements, particularly in drone applications like lond record craction, infrastructure
monitoring, agriculture, surveillance, and healthcare.

With continued government support, technelogical advancements, and increasing
investments, India's drone sector is poised for exponential growth. It has the potential to
become a global drone hub by 2030, creating employment opportunities, driving innova-
tion, and contributing significantiy to the country's economic growth,




WEATHER AND NATURAL
DISASTER FORECASTING
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Image 17: Satellite image from National Bulletin for Cyclone Information
(Source Indian Metreoiogical Department website)

Extreme weather events couse cataoclysmic natural disasters resulting in large-scaole popu-
lation migration and caosualties: As climate change is expected to couse a manifoid
increase in the frequency of extreme weather events and natural disasters in the coming
yvears,” forewarned is forearrmed. Even seconds of warning before natural disasters such as
earthquakes and tsunamis can be the difference in saving lives




42

India is no stranger to natural disasters each year and is prone to severe weather patterns,
cyclones, earthguakas, londslides, and flash floods in different parts of the country.

Forecasting the possibility and extent of many of these natural disasters has come a long
way in the last several years aided by technological and scientific advancements such as
new sensors, satellitas, and suparcomputing among others.

Weather and severe event forecasting

Progresy of $W Moo
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18: Advancement of South-West Monsoon 2023
fsmmnm Information Bursal, Ministry of Earth Seiences, All indic Weather Foretast)

The onset of the Indion monsoon is a much-celebrated event in Indian culture, dance, music,
and literature. The onsetof the Indian monsoon is anticipated as it provides respite to humans
and noture from the heat during the summer. The national agrarian economy is highly
dependent on rainwater. The country is well aware of the destructive capaocity of this annual
event and a severe moensoon or a lack of monsoon are equally devastating scenarios.




The indian Monsoon is one of the mast com-
plex coupled climaote systems of the world
and the geographic location of India makes
the system more difficult to simulate and
predict™=

Over the last several years, the Gol has
made significant investments in upgrading
the technology and infrastructure to
improve the weather forecasting ability of
the country. From heatwaves to flooding
and cyclones, the country relies on technol-
ogy to mokes accurate predictions.

There hos been a 40-50% improvement in
severa Weather (cyciones, heavy rainfall
haaot wave, cold wave, thunderstorms, fog}
forecast with o lead period of five days
during the last five years*® Indio is employ-
ing Pratyush and Mihir — two of the most
powerful civilian supercomputers in Indio
that are used to help model the quality of
weaother forecosts, including monsoons.®
They also support the forecasting of natural
disasters such as cyclones, earthguokes,
and other extreme events. Pratyush is locat-
ed at the Indian Institute of Tropical Meteo-
rology (IITM) in Pune, while Mihir is housed at
the National Centre for Medium-Range
Weather Forecasting (NCMRWF ) in Noida =

An expansion of the South Asia Flash Flood
Guidance System (SAFFGS) for providing
flash flood guidance to Bangladesh, Bhutan,
Indic, Nepal, and Sri Lankao. SAFFGS, having a

high resolution of 4x4 km and covering
30,000 watersheds over the indian region is
capable of issuing flash flood threats and
risk for the next 6 and 24 hours respectively.™

An Atmospheric Research Testbed™ (ART)
facility has been established in Madhyao
Pradesh to study important atmospheric
processes particularly: clouds and convec-
tion; land-atmeosphere interactions; aarosol
and radiation: ond thunderstorms, for
developing and testing the parameterisa-
tion schemes in weather and climaote
models by implementing advanced mea-
surements of clouds, radiation, precipitation,
dynamics and land-surface parameters in
the core monsoon zone.

A new merged rainfall product hos been
developed, the Mult-Ensemble Rainfall
Analysis (MERA)* with a spatial resolution of
4 km, aond a temporal resolution of |1 hour. It
involves saotellite rainfall products from
GPM-IMERG, GSMAP, INSAT, and the: Indian
Rodar network. A High-Resolution Global
Forecast Model (HGFM),* in its experimental
version, with a horizontal reselution of 6 km
has been implemeanted to improve the pre-
diction of smaller-scale weather extremes. A
scientific strategy is adopted by using Trian-
gular Cubic Octahedral (TCO) grid which is
very scalable after a thorough validation
and performance evolugtion, the model will
be handed over for operational implemen-
tation to Indian Meteorclogical Department

Earthquake Early Warning System in India
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india, by virtue of its geographical location,
sits at the edge of a tectonic plaote and has
regicns such as the Himoloyas, thot are
prone to earthquakes.

There is no technology today that can
accurotely predict exactly where and when
earthquakes will strike or how intense they
will be today anywhere in the world. How-
ever, early warning systems caon alert pop-
ulations as to when the shaking tremaors or
's waves will arrive, based on the detection
of ‘p waves that move faster through the
earth's crust.

An earthguoke early warning system is a
natwork of detectors and communications
systems that can detect p-waves generat-
ed by o tremor and convey the information
to locations further away from the detection
site, allowing some time for these areas to
possibly prepare for the imminent earth-
quoke. However, the lead time for this can
be tens of seconds to seconds.

India cperates and maintains the National
Seismological Network (NSN).% NSN consists
of 153 seismological observatories spread
across the country and maintains a
round-the-clock watch of seismic activity
in the country. A Central Receiving Station
(CRS) at NCS receives real-time digital
waveform data from field stations. This
data is used tc dstermine preliminary
earthquaoke source parameters. NCS
shares information cbout earthquakes via
earthquake bulletins within five minutes of
an event. It is also invoived in the monitor-
ing of oftershocks and swarm activity
throughout the country. The aim is to add
35 more seismic stations in the next -2
years, and nearly 300 seismic stations in
the next five or so years. This will increase
the capability of detecting earthquakes of
upto magnitude 2.5 or M 2.5 throughout the
country and will enhance location capabil-
ities for earthquake mitigation.

There are also R&D aoctivities on various
aspects of seismology and earthguake
engineering, such as delineation of geclogi-
cal structures, monitoring of local faults,
study of slow earthgquakes, rupture propao-
gation, attenuation studies, site characteri-
sation, simulation of ground motion and
liguefaction investigotions carried out by

individual researchers in project mode in
selected areas.™ These studies have helped
understaond seismogenesis, and seismotec-
tonics; and conduct an assessment of seis-
mic hazards and the design of structures. In
addition, over 60 GPS and 50 broodband
seismometers, have been established in
project. mode in the country with specific
objectives.

Recognising the importance of active tec-
tonics, o dedicated program was initiated to
undertoke active fault mapping of the coun-
try systemotically and comprehensively.™
This program aims at defining and cate-
gorising the aetive faults of Indio, generating
composite datasets and ensuring their avail-
ability to the users in o Gl5-compatible
format and preparing octive foult maops of
different regions and the country. Four areas,
North-West and Central Himalaya, Kashmir
Himalaya, North-East Himaloya, and
Kachchh have been selected as priority
areas. An initial document for active fauit
mapping has been prepared, which provides
a detailed explanation cf the methodologies
and techniques ovailable for systematic
active fault mapping/studies.

Tsunami Monitoring

Tsunamis are infrequent in Indian history.
However, the earthguake and resulting
tsunami in 2004 demonstrated that the
country is not immune to them. To mitigate
the risks posed by earthquokes and tsuna-
mis, India has developed several earthquake
and tsunami forecosting systems. The Indian
Tsunami Early Warning System (ITEWS) is a
real-time system that uses seismic dato to
detect tsunamigenic earthquokes and 1o
provide early warning of potential tsunamis.
The ITEWS is operated by the Indian National
Centre for Ocean Information Services
(INCOIS) and is an approved Tsunami Service
Provider of the Indicn Ocean Tsunami Warn-
ing & Mitigation System (I0TWMS) 5

As paort of Intergovernmental Oceano-
graphic Commission the ITEWC provides
data on tsungmis to 25 Indian Ocean
countries. Several innovative concepts in
tsunami modeling, mopping of coaostal
inundation, decision support systems and
SOPs have been introduced by INCOIS.




It has olso established a Glebal Navigation
Satellite System (GNSS) & Strong Motion
Accelerometers in the Andaman and Nico-
bar Islands for quick and reliable estimation
of near-source earthquakes. INCOIS has
alsc carried out Multi-hozord Vulnerability
Mapping (MVHM) clong the Indion coastal
mainland. The MEWC, INCOIS also conducts
workshops, training sessions end mock tsu-
nami exercises to increase preparedness

and is coordinating with coastal states/UTs
to implement the UNESCO Tsunami Ready
Program.®

A prototype unit of an indigenously devel-
oped Tsunami Bottom Pressure Recorder
(BPR) Sagar-Bhoomi was successfully
deployed off Chennai on 17" September 2022
to provide alerts of possible tsunamis.™
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1.3

NATIONAL
QUANTUM MISSION

#" Factsmeer

Year of Union 2023
Cabinet Approval
Nodal Agencies + Department of Space,

+ Department of Atomic Energy,

- Ministry of Electronics and Infermation
Technology,

+ Department of Telecommunication, and

+ Department of Science and Technology

Financial Outlay

Key Objective

INR 6,003.85b crores over 7 years

To seed, nurture and scale up scientific and
industrial R&D and create o vibrant &

innovative ecosystem in Quantum
Technology

Quarnitum technology is a rapidly emerging field thot harnesses the power of quantum
mechanics to create new and revolutionary technologies. Quantum mechanics is the
study of how nature works at the smallest scales, and it is a very different world from the

one we experience at the macroscopic scale.

Quantum technologies exploit the properties
identified by quaontum physics to provide
new capabilities that have the potential to
revelutionise many aspects of our lives, such
as computing, communications, and sens-
iNg.® For example, guantum computers
could be used to solve problemns thaot are
currently intractable for classical computers.
Quontum communication networks could
provide secure communication that is
immune to eavesdropping and guantum
sensors could be used to make measura-
rnants with unprecedented accuracy.

The potential applications of quantum
technologies are vost. They could be used to
davelop new drugs, design new materials,
and create new forms . of Al They could also

be used to improve our understanding of
the universe and our place in it

The first gquantum revolution brought tech-
nologies thot are familiar to us today, such
as nuclear power, semiconductors, lasers,
magnetic resonance imaging, modern
communication technologies or digital
cameras and other imaging devices. The
second quantum revolution®™ is character-
ised by manipulating and controlling indi-
vidual quantum systems (such as atoms,
ions, electrons, photons, molecules or vari-
aus quasiparticles), allowing to reach the
standard quantum limit; that is, the limit to
measurement accuracy ot guontum
scales.




National Quantum Mission

The National Quantum Mission (NQM) is a
major initiative of the Gol to accelerate the
development of guantum technologies and
applications in the country. The mission wos
approved by the Union Cabinet in February
2023, and it is scheduled to run from 2023 to
2031

The mission aims to promote applied and
translational research in guantum technol-
ogy, while also supporting basic research.
The mission will encourage directed
research in collaboration with national
academic and research institutions to
develop specific guantum technelogies
and applications that align with the coun-
try's societal and economic needs. The
mission also focuses on developing rebust
R&D and institutional infrastructure to facili-
tate occelerated research in guantum
technology. Entreprenaeurship development
and integration of guantum technology
into the startup ecosystern are key goals,
with the potential for some startups to
become global players. Human resource
development is another area of focus,
aiming to cultivate g talented workforce
and build o strong knowledge base in
research laboratories across the country.

The NOM has o total budget of INR 6000
crores, and it will focus on four key areas
through the development of four thematic
hubs ot top acaodemic and National R&D
institutes in the domains, on the following
themes:

* Quantum computing: The mission will
support the development of intermedi-
ate-scole quontum  computers  with
50-1000 physical qubits. These comput-
ers will be used for o variety of applico-
tions, such as drug discovery, financicl
miodelling, and artificial intelligence.

+ Quantum communication: The mission
will develop satellite-based quontum
communication networks that con be
used for secure communication and
distributed computing. Sotellite-based
secure quantum communications
between ground stotions over a range of
2000 km within Indig, long-distance
secure gquantum communications with
other countries, inter-city guantum key

distribution over 2,000 km as well as
multi-node Quantum network with quan-
tum memaries are also some of the
deliverables of the Mission.

Quantum sensing: The mission will
develop guantum sensors that can be
used for applications such as pracision
agriculture, medical diagnostics, and
environmental monitoring.

Quantum Materials & Devices: Tho mis-
sion will help develop maoterials and
devices such as magnetometers with
high sensitivity for precision timing
(atomic clocks}, communications, and
navigation. it will also support the design
and synthesis of quantum rmaterials such
as suparconductors, novel semiconduc-
tor structures and tepological materials
for the fobrication of quantum devices.

HJ

Image 12: Superconducting Quantum
Computer Development at TIFR Mumbai and
liSc, Bengaluru

(Source Credit Prof. R. Vifayaraghavan TIFR
Mumboi)
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Key objectives

Development of intermediate scale
guantum computers with 20-50 physical
gubits (3 years), 50-100 physical qubits (5
years) and 50-1,000 physical qubits (8
years) in various platforms like supercon-
ducting and photonic technaology.
Development of satsllite bosed secure
quantum communications between two
ground stotions over a range of 2,000
kilometres within Indic as well as long
distance secure quantum communica-
tions with other countries.

Develop inter-city quantum key distribu-
tion over 2,000 km with trusted nodes
using wavelength division multiplexing on
existing optical fibre.

Develop mult-node Quantum nstwork
with guanturm memories, entanglement
swaopping and synchronised quantum
repeaters at each node (2-3 nodes).
Develop magnetometars with 1 fam-
to-Tesla/sgrt{Hz) sensitivity in atomic

systeams and better than ]
pico-Tesla/sgrt{Hz) sensitivity in Nitrogen
Vacancy-centers; gravity measurements
having sensitivity better than 100
nano-meter/second® using atoms and
atomic clocks with 10-19 fractional insta-
bility for precision timing, communications
and navigation.

- Design and synthesis of quantum materi-
als such as superconductors, novel semi-
conductor structures and topological
materials for fabrication of quontum
devices for development of qubits for
guantum computing and quantum com-
munication applications, single photon
sources/detaectors, entangled photon
sources for quantum communications,
sensing and metrological applications.

The NQM is o major step forward for India's
quanturm  research ond development
efforts. The mission has the potential to
maoke India a leading player in the global
guantum race, and it could have a signifi-
cant impact on a wide range of industries.
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NATIONAL
SUPERCOMPUTING
MISSION o

45 NATIONAL SUPERCOMPUTING MISSION _._.'j-.__(
INFRASTRUCTURE = APPLICATIONS ' R&D HRD -

Year of Union 2015

Cabinet Approval
Nodal Agencies Jointly by Department of Science & Technology and
Ministry of Electronics and Information Technology
Implemented by Centre for Development of
Advanced Computing (C-DAC) and Iisc,

Bangalore

Financial Outlay INR 4,500 crores over 7 years

Infrastructure

Applications

RA&D

Human resource development

Key Objectives

A farmer who Is deciding when to sow a crep, a government launching a new
nationol defence system and a peatroleumn engineer deciding where to drill for o,
what dothey have in commen? Chances are that the doto that they are basing their
decision on has been analysed by a supercomputer.

Supercomputars, ds the name suggests,
are very fast and high-capocity com-
puters that can have very high comput-
ing performance generally due to the
use of parallel processing, which is the
use of multiple CPUs to solve a single
calculation at @ given time.

Supercomputers are used for complex
mathematically intensive computations
for simulations and modelling, and have
wide-ranging applications such as in

weather and climate forecosting, drug
and disease modelling, petroleum and
oil drilling, defence and security among
others

Supercomputing capabilities, measured
in FLOPS or Floating qur:::t'.i:nr'lg per
second, have increased exponentially
since the 1840s when supercomputers
were first built Todoy, supercomputing
cc:pc:bllll'li:s are measured in Petaflops
(10%) and Exaflops (10).




PARAM Shrestha
100TF system based on Intel
Skylake

PARAM

Bioembryo

100TF system based on
M5 oK el oo o5t

Spoorthi

100TF systern based on
PowerS arch and Nvidia
V100 GPU

PARAM Neel
100TF system based on
ARM based processor

Figure 6: National Supercomputing Mission Infrastructure (Source National Supercomputing Mission

websiie

India’s supercomputing
journey

The Centre for Development of Advanced
Computing (C-DAC) set up a National
PARAM Supercomputing Facility (NPSF) at
C-DAC, Pune to facilitate the access of High
Performance Computing (HPC) resources
required to solve compute-intensive prob-
lems= of researchers around the country. The
users from various universities, liTs and other
R&D Institutions had the advantage of the
reliobility and ovailability gssociated with
Nationol Knowledge Network for accessing
computing resources at NPSF.

in the eaorly 2000s, ANURAG, BARC, C-DAC
and NAL were active in design and develop-
ment of supercomputers with perfermance
in the range of few 100s of gigafiops to few
teroflops: The PARAM Padma, with a peak
speed of | teraflop in December 2002, was
the first Indian supercomputer to feature an
a list of the world's fastest supercomputers
in June 2003 PARAM Yuwva |, launched in
2008, ranked 68th in the TOPS0O0 list released
in November 2008 ot the Supercomputing
Conference in Austin, Texas, United States.
With the launch of PARAM Yuva Il in February
2013, India cressed the 500 teraflops mile-
stone.

The deployment of Pratyush and Mihir in
2018, two of the most powerful civilian
supercomputers in India, has also been a
milestone for Indian supercomputing. Praty-
ush is located ot the IITM In Pune, while Mihir

is housed at the NCMRWF in Noido. Both
supercomputers have a peak processing
speed of 4 petaflops, making them among
the top 100 most powerful supercomputers
in the world. The two supercomputers are
used to help model the quality of weather
forecasts, including monsoons. They also
support in forecasting of notural disasters
such as cyclones, sarthquakes and other
extrame events.™

In 2015, the Ministry of Electronics and Infor-
mation Technology (MeitY) under Govern-
ment of Indic and Department of Science &
Technology (DST) under Government of India
announced a National Supercomputing Mis-
sion, a seven year program, worth INR 4,500
crores to propel India’s supercomputing
abilities

The National Supercomputing
Mission and its achievements

The National Supercomputing Mission has
four pillars: Infrastructure, applications, R&D
and Human Resource Development

The Infrastructure pillar envisages the instal-
lation of more than 70 high performance
computing facilities across the country for
the use of the academic and R&D institutions.
These supercomputers will be networked on
the National Knowledge Network, which is a
programme of the government connecting
academic institutions and R&D labs over a
high-speed network



So far, supercomputing systems have been
deployed af 18 institutions with o total
supercomputing capacity of 24 PF under
NSM Phase-| & Phase-ll providing occess to
99 aocodemic and research institutes.

PARAM Shivay, the first supercomputer
assembled indigenously, was installed in IIT
BHU, followed by PARAM GShakti PARAM
Brahma, PARAM Yukti, PARAM Sangonak ot
IT-Kharagpur IISER, Pune, JNCASR, Bengaluru
and T Kanpur, IT Hyderabad, NAB!I Mohali,
C-DAC Bengaiuru respectively.™

lISc Bengaluru has installed Param Pravega,
one of the most powerful Indian supercom-
puters. Param Pravega, having o supercom-
puting power of 3.3 petaflops, is the largest
supercomputer that has been instolled in
an Indian academic institution =

India's newest and fastest supercomputer,
PARAM-Siddhi AIRAWAT, has been ranked

75" in the TOPB00 Supercomputer List -
June 2023 declared at International Super-
computing Conference 2023 (ISC 23) at
Germany. The supercomputer with Rpeak of
5.267 Petaflops and 4.6 Petaflops Rmax
(Sustained) was conceived by C-DAC and
developed jointly with support of DST and
Meit¥ under NSM. The Al system will strength-
en the application development of packag-
es In areas such os advonced materials,
computational chemistry & ostrophysics,

nd several pockages being developed
under the mission of a platform for drug
design and preventive health care system,
flood forecasting package for flood-prone
metro cities like Mumbaoi, Delhi, Chennai
Patna and Guwahati. This will accelerate
R&D in our war against COVID-12 through
faster simulations, medical maging,
genome sequencing and forecasting and is
o boon for Indian masses and startups and
MSMEs in particular ™=

Image 20: PARAM Siddhi-Airawat (Al) supercomputing system PSAl of 8.5 Petafiops (410 Al petaFLOPS)
is the fastest Supercomputer in India (Source Departrnent of Science and Technology inputs)

An additional capacity of 40 PF deployment
is envisaged in Phase Il of the mission thus
increasing the total capacity to 84 PF, which
is much higher than the originally envisaged
capacity of 33 PF of the mission.

The applications pillar is focused on devel-
oping high-performance computing appli-
cations of national relevance. Application

development in the domains of genomics;
drug discovery, urban modelling, early
warning systems for flood forecasting, seis-
mic data analysis for cil & gas exploration,
and telecom network optimisation has been
taken up in consortium mode involving R&D
and domain-specific user agencies of gov-
ernmental organisations.



The R&D pillor is focused on indigenously
developing the next generation of HPC tech-
nologies including areas such as the
next-generation system architectures and
prototypes, and power optimisation tech-
nclogies omong others. In  this pillor,
achievements include wvarious supercom-
puting sub-systems [scrver, interconnect,
systemn software stack, cooling system} that
have been indigenously designed and
developed. An indigenous server "Rudra” is
being manufactured thus creating a super-
computing ecosystem in the country.

The development of an indigenous HPC pro-
cessor (India’'s own processor) has also
been initiated. A next generation indigencous
HPC interconnect called “Trinetra” has been
designed and developed in the country for
efficiant inter-node communication

between compute nodes. This will help
improve power sfficiency and also support
lorge-scaole systems:™

Image 2t Rudra (left) and Trinetra (right) (Source: Departmant of Scisnce and technaiogy inputs)

One of the key deliverables of the mission is the development of a highly professicnal
HPC-oware human resource pool at all levels for meeting the challenges of the develop-
ment of HPC applications as well as for managing, monitoring, and running such complex
HPC systems. To date, 18,000 personnel have been trained in various aspects of HPC. This
includes both computer science and non-computer science professionals.
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1.5

NATIONAL GEOSPATIAL
POLICY




£ FactsWer

Evolution

Year of Notification

Nodal Agency

Institutional Partners
Mode of Implementation

Key Objectives™

Guidelines for acguiring and producing
Geospatial Dato and Geospatial Data
services including Maps (2021)

December 2022

Department of Science and Technology

Survey of Indio, Key Nodal Ministries,
Departments and industry associations

Regulatory, liberalisation, government
e-services and public goods

« By 2025, supportive legal and policy
framework, improve access and quality of
location daota, introducing high accuracy
Geoid for India.

By 2030, developing high-resolution
topographical survey & mapping,
high-accuracy Digital Elevation Model
(DEM).

- By 203b, developing high-accuracy
Bathymetric Geospatial Data of iniond
waters and sea surface topography,
survey and mapping of sub-surfoce
infrastructure in major cities and towns
and National Digital Twin of major cities
and towns.

Whether it be taking taxis or ordering hot food from a neighbouring restaurant, the use of
digital maps on phones has become an inseparable part of modern life, powered by new
digital technologies. Many of us use maps to explore and discover new tourist locations, less
afraid of losing our way in new locations than earlier. Precise location services are essential
for both traditional and modern businesses, including agriculturs, mining, construction,
e-commerce services and logistics. Geospatial data is now widely accepted as a critical
naticnal infrastructure and information resource with proven societal, economic and envi-
ronmental value that enables government systems and services, and sustainable national
development initiotives, to be integrated using 'location’ as @ commoen and underpinning

reference frame.

The earlier policies and procedures related
to maps in India were restrictive, inheriting o
framework from the British Roj era, which
ennbled the foreign rulers to restrict Indians
from developing their maps. These policies
were not updated for decades or more. The
National Map Policy, 2005 had a provision for
obtaining one-time clearance from the Min-
istry of Defence for all types of maps, which
was still very onerous for citizenry and busi-
ness, and did not yield substantive resulis.

Other countries relaxed their geospatial
rules, allowing businesses to develop pow-
erful tools like mapping apps, enabled by
powerful remote sensing capabilities. As
recently as 2020, India was almost entirely
reliant on foreign map-makers because
domestic laws hampered the potential for
domestic entrepreneurs and cartographers
to operate sven within their own national
borders.



Recognising the importance of the geospa-
tial sector in the development and growth
of the sconomy of Indig, the government
liberalised acquisition and production of
geospatial data in 2021 Following this, the
National Geospatial Policy was notified in
2022 which introduced a framework for the
development of Indio's Geospatial capaci-
ties laying down the role of the government
and opening the industry for the private
sector.

According to one report,” India’s total geo-
spatial market (including both domestic and
export markets) was estimated at almost INR
23,000 crores in 2019, Indio’s total geospatial
market is forecasted io rise to INR 3716,000
crores by 2025, with the enabling policy envi-
ronment and the gradual transiticn of the
industry to offer services and solutions to the
worldwide market Further, India's domestic
geospatial market is estimaited tc be INR
23,098,000 crores by 2025 and INR 40,60,000
crores by 2030,
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Key achievements

The liberalisation of the Indian geospaticl
market started recently, in 2021. However,
one can see key achievernents in the sector.
For instance:

« Attracting investments: Private compa-
nies and startups based in India can
attract investments for conducting geo-
spatial mapping for their future commer-
cial use. For instance, Genesys Interna-
tional hos invested and raised invest-
ments for obtaining surveying sensors for
aerial and terrestrial platforms. Similarly,
Mapmyindia received bids worth INR 113
lakh crores through IPO in 2021,

+ Government mapping projects: Gov-
ernment schemes for land mapping
such as the Svamitva scheme (worth INR
250-300 crores), the Karnatoka Land
Resources mapping scheme (warth INR
500 crores) and the Andhra Pradesh
Land Resources mapping scheme (worth
INR 300 croras), have been initiated under
the National Geospatial Policy.

* Employment generation and capacity
building: As per the Geospatial Artha
Report, in 202), the Indian geospatial
industry employaed 4,770,000 people
including domestic employmeant, export
services and employees in the Govern-
ment services; and this number is esti-
mated to have incregsed to approx
5,45,000.

« Improvements in data collection and
access: The Gol has taken many initia-
tives under the National Geospatial Policy

to provide to high-quolity dota. For
instance, Survey of India (Sol) has
launched a portal to provide easy access
to Sol products to all citizens and govern—
ment organisations in Indio. This Portal
provides various digital geospatiol prod-
ucts (free as well as at fair & transparent
prices) to the users.

Conclusion

With the two-prong strategy of liberalisa-
tion and identification of 14 National Funda-
mental Geospatiol Data Themes across
various sectors, the government aims to
enhance Indiag’s geospatial prowess in an
accelerated manner. More and more start-
ups, ecompanies, academiq, and non-profit
organisations are set to participate in and
reap the benefits of this policy. In addition to
trade-reloted uses, the National Geospatial
Policy is set to enable the provisioning of
public goods to the citizens.

Many government schemes relaoted to
inclusion and access to public goods
involve the utilisation of geospatial map-
ping. For Instance, the Smamitva scheme
aims to use geospatial mapping to estab-
lish clear ownership of property in rural
inhabited areas, by mapping land parcels
using drone technoloegy and providing
'Record of Rights’ to villoge household
owners with issuance of legal ownership
cards to the property owners.™ Similarly, the
PM Gati Shakti Master Plan for multi-modal
connectivity, which aims to connect the
various staokeholders in India’'s infrastructure
development uses geospatial technology.’




ARTIFICIALINTELLIGENCE

Alis the obility of a digital computer or computer-controlled robot to perform tasks commonly
associated with |“tc:=|||:4t:r|_ t:mclruq*: such as the ability to reason, discover meaning, generalise,
or learn from past experience.” Alis a kinetic enabler to leapfrog traditional ubvc.uomrﬂt bar-
riers and catalyse lorge scale socioeconomic transformation in the country. Al is expected to
add $967 billion™ to the Indian Fcorw-:jmﬁ_,- by 2035 and $450-500 billion to India's GDP by 2025,
accounting for 10% of the country s $5 trillion GDP target. Al has the potential to impact every
aspect of citizen's life from education, to agriculture, retail, healthcare, and urban governance
amongst others.

Given the relatively rapid development and  GPAI Summit in 2023 rh': a Council Chair for
deployment of Al globally, there is a need for  GPAI till Nevember 2025, India will also pro-
nations to catch up on their regulatory gov-  vide strategic dlrc--:.‘_.:oru to the four expert
ernance with this evolution. India js one of  working groups of GPAI and ensure that the
the pioneers in the field. Being one of the global model for Al governance is aligned
founding members of the Global Partnership  with its domestic r‘mr*’*l ond national interests.
on Al (GPAl) enables Indio to represent the

perspectives of the Global South and devel- Meit¥ is the nodal ministry responsible for
oping economies in global Al discourse and rﬂplc-m-:mr‘lu a comprehensive program to
lead the rc—spon:«'iblc development. and  cotolyse Al innovation and ensure the respon-

deployment of Al globaolly, As the elected  sible and transformaotive use of Al for All
Councll Chair of the GPA|, India will provide
strategic direction to GPAI aligned with these
motivations while alsoc hosting the annual
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Image 24: Bhashini, India’s National Public Digital Platform for languages (Source: Bhashini website)
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Table 4: Key initiatives and activities by the Government of

Initiative

India for promoting Al

National
Program
on Artificial
Intelligence
(NPAI)

Description Key achievements

An institutional framework for -

+ Data Governance for Al and

emerging technologies (National
Data Management Office),

Scaling Al solutions for social
tr[)msfﬁrmatic:-n (Nmi{mc{t Centre on
AlJ,

+ Building skilling infrastructure for

foundational data and Al jobs,

- Empowering government officials with

Data and Al skills,

+ Building institutional mechanisms to

enable Responsible Al

MNational Data
Governance

Policy (NDGP)

. Draft NDGP dims to enhance access, quality,

and use of non-personal data

- The Natjonal Data Management Office

(NDMO) provides an Institutional
Framework for data governance in the
country including providing standardised
data management and security
standards, privacy preservation tools and
anonymisation standards that prioritise
privacy, security and trust NDMO will
curate quality datasets through the India
Datasets Program and augment data
accessibility through the India Data

+ Enable the citizen to access digital

- Build speech-to-speech machine

Platform
Digital India + Tocreate a voice-based internet Launched in
Bhashini accessible in vernacular Indian July 2022

languages and build multilingualism by
developing the next generation of
conversational’ government apps and
websites

services in their vernacular language to
further Increase digital inclusion and
accessibility

translation systems for various Indian
longuages and dialects and evolve a
Unified Language Interface (ULI)




Initiative

Mational Portal
on Al

Description

MeitY has launched the "National Al
Portal” (https:/ /indiaai.gov.in/) which
serves as a comprehensive repository of
Al initiatives in the country. The portal
acts as a single point of reference for
individuals, researchers, and industry
professionals seeking information about
Al initiatives In India, including
academic research, startups, policy
initiatives, and other related information.

Key achievements

The number of
listings:

184 Government
initiatives, 2185
national and
international
articles,

983 news.

297 videos,

148 research
reports,

466 Startups

Futureskills
Prime:

Meity & NASSCOM have jointly initiated a
programme titled Futureskills PRIME, a
B2C framework for re-skilling/up-skilling
of IT professionals in 10 Emerging areas
including Cloud Computing and Al

. 1424 Lakhs
candidates have
signed up on the
FutureSkills PRIME
Portal, out of
which, 257307
candidates have
completed their
course

- 1,885 Trainers
and 10,028
Government
Officials have
been trained on
these
technologies by
National Institute
of Electronics &
Information
Technology
(NIELT) /C-DAC
Resource
Centers, and

. Around 1151143
unique learners
have collectively
eamed 6815082
‘badges’ in
recognition of
having
completed
bitesized digital
fluency content




Gl

Initiative

Description

Key achievements

Visvesvarayd The Scheme aims 1o enhance the « Phase-| of the
PhD Scheme number of PhDs in Emerging Scheme
Technologies like Al, Robotics, Blockchain, supported
Electronics System Design & 757 PhD
Manufacturing (ESDM) and IT/IT Enabled candidates who
services (IT/ITES) in the country. have completed
PhD/submitted
their theses
- Phase-ll launched
Youth for In collaboration with industry partners. . Launched in 2020,
Unnati and MeitY has launched "Youth for Unnati & 52 628 students
Vikas with Al Vikas with Al — a national program for all registered for the
(Yyuval) school students between eighth to orogram from 35
twelfth standards to create an Al ready states and UTs
workforce for the future. This program (5,724 cities)
aims to provide an equal opportunity to . The top 20 ideas
school-going children - in urban, rural represented by 27
and remote corners of India - to become students were
human-centric designers trained in the shortlisted as the
responsible development and winners and
deployment of Al for social good. showcased as
part of Azadi Ka
Digital Mahotsav
Al Research, MeitY through C-DAC has initiated a . The PoC for
Analytics and proof-of-concept project on AIRAWAT AIRAWAT Is
Knowledge (AI Research, Analytics and Knowledge developed with
Dissemination Dissemination P[ﬁtform] for providing a 200 petaflops Mix
Platform common computing platform for Al Precision Al
(AIRAWAT) research and knowledge assimilation. Machine which

This Al Computing infrastructure will be
used by all Technology innovation hubs,
Research Labs, Scientific Communities,
Industry. and Startups institutions with
National Knowledge Network.

will be scalable to
a peak compute
of 790 Al
petaflops




Future roadmap

The whole-of-government approach is
towar :1; ensuring the comprehensive
davelopment of Al across sectors. India Al is
conce rtuc:l sad os an umbrello program
that will integrate various national-level Al
initiatives. The program aims to build the
next 100 Al Unicorns in the country and moke
India the global leader in Al innovation
research, and governance. The priority
areas identified to achieve the vision of India
Al are:

« Al Innovation - For realising the ﬂf‘h:wn
Make Alin India and Make Al work for India,
three Centres of Excellence (Coks) for Al
will be set up Iin educatiocnal institutions.
These Coks will operate under a hub and
spoke model, golvanise an effective Al
ecosystem, and nurture guality human
resources in the field.

- Data for Al - Since data Is the essential
prerequisite for the Al and Emerging
Technologies ecosystem, the Gol is con-
ceptualising the Indio Datasets Platform

and Program. The India Datasets Plat-
form (IDP) will enable all government
and private entities to share, discover,
and use data/artefocts/metadatalAPis
through an interoperable, robust, and
secure system. The platform will also
implement the IDP which will catalyse the

research and innovation ecosystem by
providing datasets curated for Al to
stakeholders who may unlock the poten—
tial of this data for national development.

Future Skills - For realising the full trans-
formative potential of Al the Indian work-
force must be prepared with the requi-
site skillset to keep pace with the
advancements in AL A roadmap for the
development of the skill and talent for Al
to enable skilling, reskilling and upskilling
toking into account the existing capaocity
and skill ecosystem in the country will be
undertaken

Al Financing - To bolster the growing Al
stortup ecosystem in Indig, funding i
essential to fuel their R&D efforts, acguire
and manage datg, access infrastructure
and computing rescurces, attract and
retain talent, drive marketing and busi-
ness development, protect intellectual
property, and scale their operations

Al Compute - Democratising access to Al
compute Infrastructure is critical for
ensuring a level Al playing field and global
competitiveness of Indian Al Startups
Leading Al compute infrastructure will act
as the kinetic enabler for the startup and
innovation ecosystem, helping organiso-
tions develop commercially viable Al
applications

Image 25: CDAC Pune, where AIRAWAT Al Supercomputer is housed (Source: COAC PUne wabsita ]
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1.7

NATIONAL MISSION ON
INTERDISCIPLINARY
CYBER-PHYSICAL
SYSTEMS

A% FAcTSWEET

Year of Union 2018
Cabinet Approval

Nodal Agency Department of Science & Technology

Financial Outlay INR 3,680 crores over b years

Key Achievements . Successfully developed and produced 278
technologies and bi2 technology
products.

- Provided support to 332 startups and
facilitated entrepreneurship development

« High-end skill development of individuals
aleng with 118 international partnerships.

The worlds of atoms and bytes are often considered to be separate. However, sensars, inter-
net-connected devices and ubiquitous data connectivity have started to bind these worlds
together.

NM-ICPS is an ombitious program that focuses on interdisciplinary Cyber-Physical Systams
(CPs) - the integration of computing, networking, and physical processes. CPS combines the
digital and physical worlds, enabling intelligent and interconnected systems. NM-ICPS
encompasses technologies like Al the IoT & Robotics which make it crucial for advancing
Indias development goals in sectors such as healthcare, agriculture, industry 4.0, transpora-
tion, environment & poilution, infrastructure & energy, education, judiciory & legal, security,
and communication. it aims to develop technology platforms for R&D, product development,
startups, and commercialisation while promoting collaboration among academia, industry,
government, and international crganisations.™




Implemented through 25 Technology Inno-
vation Hubs (TIHs), NM-ICPS drives India’s
technological growth across various sectors
in line with national priorities.” These hubs
are now fully operational and are being pro-
actively facilitated, mentered, and reviewed
to ensure they achieve the mission's targets,
with o strong focus on translational
research. NM-ICPS is creating direct linkages
between the TiHs and all stakeholders,
including line ministries, state governments,
industry, PSUs, and startups; through nation-

ai-level events like workshops and expos. The
mission's Expert Committees, such as the
Mission Governing Board, Scientific Advisory
Commities, and Inter-Ministeriol Coordina-
tion Committee, hold freqguent meetings o
guide the missions progress and suggest
the way forward. The achievements of all
TiHs are being showcosed through quarterly
bulletins, the NM-ICPS portal, oand various
social media platforms, promoting collabo-
ration and fostering innovation in the field of
Interdisciplinary CPS5.

Table 5: Achievements and outputs

Output Description

Development of technologies/
technology products

The program has successfully developed
and produced 276 technologies and 512
technology products.

Support to startups and
entrepreneurship development

The program has provided support to 338
startups and facilitated entrepreneurship
development

Increase in CPS and related
researchers base

The program has contributed to a
significant increase in the number of CPS
and related researchers by 1,019:

63
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Output

Description

High-end skill development

The program has enabled the high-end
skill development of 54,502 individuals.

Establishment of TiHs

The program has established 25 TIHs
to foster innovation.

Job creation

The program has created 13,259 jobs in
the short term {5 'feurs) and has the
potential to create 240,000 jobs in the long
term (9 years).

Publications, IPR, and othel
intellectual activities

International collaborations

The program has generated 1128
publications, IPR. and other related
intellectual activities.

The program has undertaken 116
internationadl collaborations to foster
global partnerships.

Image 27: Asha, a robot nurse being developed in ARTPARK, an Al & Robotics research transiation
initiative at ISC Bangualore, seed-funded by NM-ICPS (170 crores) (Source Twitter detoils — liSc Kemeal
indfan Institute of Science)




Key achievements and the
way ahead

NM-ICPS focuses on equipping key Indian
sectors of healthcare, agriculture, industry
40, transporation, environment & pollution,
infrostructure & energy, education, judiciary
& legal, security, and communications with
intelligent and interconnected systems. This
is 0 key step towards developing technalo-
gies/ technology products and their com-
marcialisation in line with Nationa| priorities.
Through extensive research and develop-
ment in 4Al, Mochine Learning, Robotics, and
more, the innovation focus of the mission is
critical to impreving Indigs technological
capabilities. it supports startups, job creation,
and intermational collaberations, contribut-

ing to the country s overall development and
prosperity.

NM-ICPS represents o pivotal endeavour that
unites the worids of atoms and bytes through
the integration of CPS - through Al, the loT, &
Robotics. By focusing on R&D, preduct devel-
opment, and startup innovations NM-ICPS is
set to drive Indios development goals
forward. The mission fosters collaborations
between industry, academig, government,
and international organisations, paving the
way for groundbrecking technological
developments. As India looks forward to the
coming decade, this mission holds the key to
transformative  advancements, propelling
India towards technolegical excellence.

&5



1.8

ADVANCED MATERIALS
AND MANUFACTURING

INTRODUCTION

India s advanced maoterials gand manufacturing sector has witnessed significant gchieve-
ments through government interventions in various domains such as Supercapacitors,
Additive Manufacturing, Advanced Coatings, Fuel Cells, Rare Earth Magnets, Advanced

Ballistic Materials and Glass & Ceramicst.

1. SUPERCAPACITORS

Supercapacitors are highly valued as energy
storage devices in Indio due to their high
power density, long cycle life, fast charge
and discharge capabilities, instantaneous
high current discharge, affordability, and
eco-friendliness. They have applications in
consumer electronics, automotive industry,
communications, medical  eguipment,
national defence, and military equipment. In
India, supercopacitors play a crucial role in
sustaining peak loaods and providing bockup
power, ensuring uninterrupted operation in
battery-powered industrial applications. The
introduction of supercapacitors hos the
potential to revolutionise the automobile
industry by enabling dyncmic braking sys-
tems and enhancing static memories

DST has been actively promoting research
and development in supercapacitor tech-
nology through various funding schemes
and initiatives.

Key government interventions

The Indion government initiatives in the
sector include funding research and oco-
demic institutes through government-
funded projects from the DST. Notably, an
important milestone in the advancement of
supercapacitors is the funding provided to
the International Advanced Research Centre
for Powder Metallurgy and New Materials
(ARCI). This funding has facilitated the devel-
opment of carbon-based supercapaocitors,
representing a significant step forward in the
progress of supercapacitor technology in
india.
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Image 28: Petcoke derived high energy supercapacitor developed at ARCI
(Source: Department of Atomic Energy websita)

KEV achievements  In the private sector, GODI Indig, busgd in
Hyderabad, has successfully manufac-
tured high-power supercapacitors with o
copacitance of 3,000F. The company
plans to establish a 200kWh supercapac-
itor production facility to coter to regional
demands and export markets.

+ SPEL, o Pune-based industry, has
achieved the milestone of manufacturing
india's first supercapacitor. SPEL is collab-
orating with  wvarious government
research organisations, universities within
and outside Indio to further odvance
supercapacitor technology.

- ARC! successfully developed superca-
pacitors with o capocitance of 1200
farad (F), matching the capacity of
commercially available supercapacitors
from the US. Furthermore, ARCI s collab-
orating with a startup to harness the
power of supercaopoacitors for drone
applications, encompassing both socie-
tal and strategic purposes.

. ISRO has developed supercapacitor pro-
cessing technology ot the Vikram
Sarabhai Space Centre (VSSC). This tech-
nolegy enables the production of super-
capacitors with different capacitance
values, with a maximum capacitonce of
300 F  These supercaopacitors are
designed to cater to spacific applications
related to space missions and societal
nesds.

|
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2. ADDITIVE MANUFACTURING

Additive Manufacturing, popularly known as
3D printing, has emerged as a disruptive
technology across industries. Unlike sub-
tractive manufacturing, which involves cut-
ting drilling, or maochining materials to
create a desired shape, additive manufac-
turing builds objects layer by layer using
digital design data. This technology has
gained immense popularity due to its ability
o cregte complex and custormised parts
with reduced waste, increased efficiency,
and improved design flexibility. Additive
manufacturing has found applications
across various industries, including oerc-
space, automotive, healthcare, ond con-
sumer goods, and continues to evolve with
advancements in materials, processes, and
applications. The additive manufacturing
industry in India Is witnessing growth driven
by facters such as increasing adoption and
awareness across vanous sectors, active
research and development efforts, the
emergence of startups and entrepreneurial
ventures, government initictives supporting
the industry, establishment of infrastructure
and skill development programs. However,
challenges related to raw materials, infro-
structure, standardisation, and regulations

Key government interventions

The Indian government has formulated o
comprehensive National Strategy for Addi-
tive Manufacturing, ™ which provides a read-
map for the development ond adoption of
3D printing technelogies in the country.
Released in February 2022 hy MeitY, it lays
out a comprehensive roadmap to foster the
growth of odditive manufacturing in the
country. The strategy aims to position India
as a globaol hub for additive manufacturing
and outlines key focus areas such as R&D,
skill development, infrostructure creation,
industry collaboration, and policy reforms.

Based on the tenets of ‘Make in Indig’ and
‘Aatmanirbhar Bharat’, the strategy seeks
to harness the potential of additive manu-
focturing to drive innovation, create em-
ployment opportunities, and enhance
competitiveness in domestic and intema-
tional markets,

need to be addressed. Overall, Indio’s addi-
tive manufacturing sector presents oppor-
tunities for growth and technological
odvancements

28 Additive manufacturing printers
(Source: Ministry of Electronics and Infarmation
Technolegy National Stroteqy for Additive
Manufacturing website)

Current status

Additive Manufacturing (AM) in India is rela-
tively @ new entry in the industry. But, in the
past few years, many innovative AM systems
have been launched in the Indion market to
increase their popularity and usage among
people. AM technology has gained a lot of
mementum in the country over the past few
years, with several institutions in India playing
a significant role in the development and
implementation of additive monufocturing
technology. These institutions contribute to
the research, development, and application
of different odditive manufacturing tech-
niques. The AM market in India Is experienc-
ing robust growth, with a steady anhugl
increase of 20%. Market reports indicate that
the AM market is projected to surge from
$12.6 bilion in 2020 to an estimated $37.2
billion by 2026.




3. ADVANCED COATINGS

In the last decade, India has witnessed
significant developments in the field of
advanced coatings. These coatings
enhance the perormance, durability, and
functionality of various products and sur-
faces across industries such as automotive,
agriculture, power generation, and aero-
space. One of the key contributors to the
development of advanced coaotings in India
is the ARCI, ARCI has pioneered the research
and development of novel coating technol-
ogies, including detonation spray, cold gas
dynamic spray, and electron beam on
physical vapour deposition. These technolo-
gies offer superior properties and perfor-
mance compared to traditional coatings,
opening up new possibilities for industries in
automotive, aerospace, agriculture, power
generation, and other sectors.

Key government interventions

The government has played a significant
role in supporting the development of the
advanced coatings sector. Efforts have
been made tc promote indigenisation of
cooting technologies, reducing depen-
dence on imported coatings. ARCI, with its
expertise, hos been instrumental in guiding
Indion industries towards the migration
and application of advanced coatings for
specific applications. The governments
initiatives to raise awareness through digi-
tal and print media, as well as organising
workshops, have faocilitated knowledge
sharing and technology adoption.

The establishment of research infrastruc-
ture, funding programs, and collaborations
between industry, academia, and research
institutions have accelerated the develop-
ment and commercialisation of odvanced
coatings in the country. These initiatives

have stimulated innowation, created em-
ployment opportunities, and positioned
India as a hub for advanced coating tech-
nologies.

Key achievements

ARCI has ployed o vital role in the develop-
ment and implementation of various
advanced coating technologies, including
detcnation spray, micro arc oxidotion, and
electro spark coatings, in Indian industries
nationwide. This successful transfer of tech-
nologies has led to the creation of employ-
ment opportunities, increased revenue, and
self-sufficiency in meeting the requirements
of industries such as thermal power plants,
agerospace, and automotive. Consequently,
ARCI has emerged as a global leader in the
field of advanced coatings, showcasing its
expertise and contributions to the industry
with saveraol successful research outcomes

to its credip = e e e

I'maﬁ 30: Helicopter Engine compressor with
partially loaded TiN coated blades for
real-time flying test

{Source: Department of Sclence and
Technology website)



Conclusion

India has achieved significant milestones in
the field of advanced coatings, leading to
enhanced industrial capabilities and
self-sufficiency. The successful transfer of
technologies by institutions like ARCI has
resulted in the widespread adoption of
advanced coatings across sectors. To
further enhance the field's application and
capabilities, it is crucial to facilitate focused
R&D funding for advanced coatings at the
national and international levels through

government policies. Nurturing the nest
generation of leadership and addressing
new requirements beyond standard levels
are important challenges to be addressed.
Moreover, the high cost of relevant
high-tech infrastructure necessitates oddi-
tional support from the government in the
form of eﬂrcmurulﬁgrcnt—in—uid. which will
provide a significant thrust to promote the
field of advanced cootings in India. By
addressing these challenges ond fostering
continued support, India can strengthen its
position as a global leader in advanced
coatings and drive innavation in the sector.

Fuel ceall technology is of great importance
to the development goals of India. As the
third-largest consumer of imported oil, India
faces the chaollenge of meeting increasing
energy demand while also decarbonising
various sectors ond ensuring energy securi-
ty. To achieve sustainable growth, a
non-polluting, efficient, and clean fusl like
hydrogen is necessary.

Hydrogen fuel celis offer high efficiency, zero
emissions, and continuous power as long as
fuel is supplied. Hydrogen fuel cells can be
utilised across all energy sectors, including
stationary power generation, transportation,
backup power, and portable applications:

Key government interventions

Image 3k India’s first hydrogen fuel cell
powered bus flagged off in 2018
{Source: Indian Cil Corperation websita)

indic has odopted a comprehensive
approach to the development of hydrogen
fuel cell technology. This includes indigenous
develcpment of materials, components,
stacks, and system integration. Key initiatives
have been token to set up automated
assembly lines for manufacturing Proton
Exchange Membrane Fuel Cells (PEMFC) and
to transfer technology for components and
systems.

To support the development of hydrogen
fuel cell technolagy, the Indian government
launched the National Hydrogen Energy Mis-
sion in 2021, This mission aims to promote the
use of hydrogen as a clean energy source,
addrass energy security, and reduce grean-
house gos emissions. Additionally, significant
investments have been made in R&D initia-
tives to enhance hydrogen fuel cell technol-
cgy in India.

Pilot projects for hydrogen fuel cell powered
vehicles, such as buses, have been initioted
in cities like Delhi Mumbai, and Bengaluru.
Hydrogen fuel cells are also being explored
for offgrid and distributed power generation,
particularly in areas with limited grid con-
nectivity. The government has introduced
supportive policies, including financial incen-
tives, tax benefits, ond subsidies to promote
research, development, and deployment of
hydrogen fuel cell systams.



Institute/

Organisation

Main Focus Area(s)

PEMFC. Direct Methanol

Table 6: Current status and achievements®?

Achievements/Remarks

Developed a 1 kW PEMFC stack

Central Fuel cell (DMFC) Developed a 5 kW PEMWE
gﬁgﬁﬁcar DBC, hydrogen generation

Research

Institute

(CECRI).

Chennai

Centre for PEMFC. hydrogen generation Developed PEMFC stacks up
Fuel Cell to & kW. Grid independent
Technology power systems (3 kw}, and
(creT) Fuel cell systems for
Chennai transport applications with

Mohindra Rise and Rewva

Central Glass

Solid Oxide Fuel Cells

Developed electrode and

& Ceramic membrane materials for
Research high-performance SOFCs
Institute and
(ceerl), Low Temperature SOFC. 400
Kolkata W SOFC stack developed
SPIC &F, PEMFC. DMFC. Developed b kW PEMFC stacks,
Chennai hydrogen generation 250 W DMFC Stack, PEM-based
water and methanol
electrolyzers, fuel cell-based
stationary applications such as
UPS
IIT Bombay PEMFC DMFC. Intermmediate PEMFC system development,
Temperature Solid Oxide catalysts for PEMFC, working on
Fuel Cells HT-PEMFC and IT-SOFC
IIT Delhi PEMFC, Direct Alcohol Fuel Developed DEFC with a power

Cells, hydrogen generation,
SOFC

density of 70 mW/sg.cm,
electrode—-catalysts, developed
direct glucose fuel cells,
non-PGM OR catalyst and
micro fuel cell for MEMS, anode
materials for hydrogen
generation using PM water
electrolyzer, anode material for
direct hydrocarbon SOFC and
low-temperature SOFC.
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Institute/
Organisation

IIT Madras

Main Focus Area(s)

PEMFC, DMFC, SOFC

Achievements/Remarks

Developed a DMFC with
nonnoble cothode catalyst
with 340 mA/sgem (0.6 V) at
80 oC. non-PGM catalyst for
PEMFC, SOFC material research

NCL Pune

PEMFC

Prepared thermally stable PBI
membranes, demonstrated
a 350 w (i5 cells) PBI-based
PEMFC stack

NMRL DRDO,
Mumbai

PAFC, PEMFC

Developed and
demonstrated 700-1000 W
capacity PAFC-based
UPS/generators. 12 kW PAFC
system integrated into an
glectric vehicle developed
under DRDO-REVA joint
project, development work
on PEMFC and SOFC

BARC. Mumbal

SOFC, PEMEC

SOFC material and tubular
SOFC are under development

lISc, Bangalore

PAFC, DMFC, PEMEC

Developed PAFC with a power
density value of about 560
mw/sg.cm.

Mahindra Rise

Hydrogen IC engines

Developed
hydrogen-powered Alfa 3
wheeler vehicle, developing
battery-powered electric
hybrid vehicle

TATA Motors

Fuel cell technology for
transport applications

Developing a fuel cell-based
city bus, project on using
hydrogen blends as fuels
TATA Teleservices is involved
in the demonstration of fuel
cell technology for mobile
tower backup power

Indian Gil
Corp. Ltd

Hydrogen infrastructure.
hydrogen for the transport
sector

Setup hydrogen dispensing
stations, HCNG usage in
3-wheeled vehicles and
light-duty buses




Institute/
Organisation

Reliance
Industries Lid.

Main Focus Area(s)

PEMFC for stationary
applications, SOFC

Achievements/Remarks

Joined the NMITLI project for
indigenous PEMFC technology
development as the industrial
partner established a fuel cell
R&D lab in Mumbai

REVA(Own by
Mahindra Rise)

Fuel cell-based small cars

Developad a car with NMRL
with 1 kW PAFC stack on
board, involved in a similar
project with CFCT

BHEL

PAFC, PEMFC, SOFC

Developed a 50 kW PAFC
power plant, developed 1 kW
PEMFC modules and a 3 kW
PEMFC power pack, partner
institute in the development
of a b kW PEMFC system
under the NMITLI project

Nissan Indig

PEMFC technology far
automobile

Working on membrane
development for PEMFC
technology. studying
membrane degradation

ACME
Telepower

Fuel cells for backup
pawer

Joint venture with Ballard
power systems Inc. and
lda-Tech to set up a high
volume low-cost fuel cell
systems for mobile tower
backup power

Eden Energy
(india) Pvt. Ltd.

Hydrogen for the transport
sector

Invelved in the production of
Hythane, an agreement was
signed with Ashok Leyland for
the supply of Hythane to be
used in natural gas-powered
buses

Gas Authority of
India Limited

Hydregen Infrastructure

The main player in the supply
of suitable fuels, including
hydrogen, natural gas,
propane, butane; and
methanol

Bloom Energy
India
Private Limited

SOFC

Working on testing and
characterization of SOFC
technology




Institute/

Orgunisation Main Focus Area(s) Achievements/Remarks
Daimier Fuel cell for transport Setup an outsourcing R&D
Research applications center in Bangalore,
Center (DMRC), considering launching a
Bangalore commercial fuel cell vehicle in
India
ISRO Application of PEMFC 100 W PEMFC system is
powering automatic weather developed
station, PEMFC use space for automatic weather
station and man mission station

5. RARE EARTH MAGNETS FOR

EV TRACTION MOTOR APPLICATION

Rare earth magnets, specifically neodymi-
um-iron-boron (Nd-Fe-B), are crucial for
electric vehicle (EV) traction maotor applica-
tions due to their exceptional magnetic
properties in oddition to high magnetic
strength, compact size, and lightweight
charaocteristics

High Emergy Rare Earth
Peirmanenl Magnels

Image 32: High Energy Rare Earth

permanent magnets (Source: Bhabha
Atomic Research Center inputs)

In EV traction motors, rare earth magnets
generate a powerful magnetic field, allowing
efficient power conversion and delivering o
significant amount of torque. This translates
to improved motor performance, enhanced
acceleration, and increased energy efficien-
cy. The compact size and lightweight nature
of these magnets also contribute to reducing
the overall weight of the motor, making the
EV more energy-efficient and extending its
driving range.

The R&D of rare sarth magnets, particularly
for the manufacturing of EV traction
motors, is of significant importance. indio is
anticipating substantial market demand
for Nd-Fe-B magnets, especially for EV
applications, reaching 10 kt per annum by
20340. Currently, the entire demand Is met
through imports. Many initiatives have been
token towards indigenising the production
of rare sarth magnets in India, reducing
dependency on imports, and meeting the
growing demand for EV applications.

Key government interventions

ARC| has token o unigue approach by
establishing a pilot-scale manufacturing
plant for Nd-Fe-B magnets. This process
differs from the conventional powder metal-
lurgy technigue usad globally

A tripartite agreement has been signed
between BARC, Indian Rare Earths Limited
('FE'EL}. and Ashvnini Magnets Pune for the
extraction of rare eorth materials. Addition-
ally, ARCI has received funding from Science
and Engineering Research Board (SERE) to
sagt up a pilct plant with a manufacturing
capacity of 3kg/day.




The institutional partners involved in this
development include ARCI, IREL, BARC,
Defence Metallurgical Research Laboratory
(DMRL), and Ashvini Magnets, Pune. Each
partner has played a crucial role in contrib-
uting to the research, development, and
implementation of the novel manufacturing
process for Nd-Fe-B magnets.

BARC hos established a manufocturing
plant in Vizag for rare earth magnets, spe-
cifically Sm-Co magnets. Additionally, the
Defence Metallurgical Research Laboratory
has developed the necessary expertise for
the production of Nd-Fe-BE maognets using
conventional technology.

Current status

Currently, there gre no commercial rare
earth magnet manufacturers in India. Some
compaonies import Nd-Fe-B block magnets
frem Ching, slice them into required shapes
and sizes, and coat them with nickel for local
supply. DMRL preduces Sm-Co magnets on g
small scale for strategic opplications. IREL is
collaborating with BARC and DMRL to estab-
lish o 3-ton Sm- Co magnet manufacturing
plant BMRL has announced the availability of

Nd-Fe-B magnet manufacturing technology,
and IREL has called for expressions of interast
to set up an indigencus Nd-Fe-B magnet
manufocturing plant. Additionally, Ashvini
Magnets Pvt Ltd. has signed an agreement
with BARC and IREL for oxide-to-metal con-
version technology. With the national focus
on electric vehicles and "Moke in Indig,
establishing Nd-Fe-B magnet manufactur-
ing technelegy Is crucial to meet future
demand.

Conclusion

Indias rare earth metals industry for EV troc-
tion motor applications faces challenges
due to China and Japan's dominance in per-
manent magnet manufacturing. Cheollenges
include demonstrating pilot-scale magnet
rmanufacturing technology, ensuring a con-
sistent supply of rare earth matenals, and
addressing the limited availability of Dyspro-
sium. Strategies should include supporting
technology development, establishing a
secure supply chain, ond exploring interna-
tional colloborations. These efforts  will
enhance Indio's caopabilities in the industry

and meet the demand for BV traction motars:

6. ADVANCED BALLISTIC MATERIALS

A ballistic armour or a Bullet Proof Jacket
(BPJ) is the operational need for our Armed
Forces to protect their lives and vital organs
from injury caused by bullets or fragments of
grenades or improvised explosive devices.
The demand for a large number of BPJs
required for our military and paramilitary
forces s met mostly by using imported ma-
tericls. While the assembly of the BPls is car-
ried out by a few Indian companies in the
country, many cf the BPJs are imported with
high costs. It is the need of the hour that the
assembly as well as the manufacturing of
the raw materials for the body ormour is
taken up in India.

Prior to 2014, Indian Forces used to wear BPJs,
weighing in the range of 14-17 kgs. These BPJs
used steel plates and aramid fabrics initially.
BP.s were not comfortable for movement as
they were heavy and bulky. The steel plates
were replaced by ceramics like alumina.
However, these BPJs manufactured in India
using imported raw material were unable to
provide protection against higher calibre
bullats such as hard steal core AK-47 bullets.
Therefcre, light-weight, and high-cost BPJs
were imported from countries like US, Isroal
and other Eurcpeon counftries for special
operational needs. Most of them used silicon
carbide plates ond ultra-high molecular
weight polyethylene (UHMWPE) sheets to
stop the bullets.



Image 33 Bhabha Kavach _
(Source: Bhabha Atomic Ressarch Center
inpiits)

Key government intervention

With the objective of developing
fight-weight, Import substitute, multi-hit
capable BPJs, efforts were made to develop
indigenous materials and designs for BPJs.
The existing knowledge and expertise on
special materials were utilised to fulfil the
tactical need of the BPJs.

BARC developed expertise in fabricating
hot-pressed boron carbide ceramic
shapas.®™ Boron carbide is one of the hord-
est yet ightest materials, and is an excellent
choice as o material for the bullet-striking
face-hard armour panel. The hot-pressing
technology can provide the highest density
in boron carbide and thus is suitable for bal-
listic application. The hot-pressed boron
carbide technology was transferred to M/s
Bhukhanvala Industries Ltd, which supplies
the boron carbide tiles not only to Indian
institutes and industries but alsc to export
therm globally.

Similarly, BARC has developed technology
for the large-scale production of carbon
nanotubes (CNT) at an affordable price.
CNT is an excellent material that has found
applicotions acress various research fields.
The UHMWPE-CNT composite developed by
BARC is capable of absorbing higher shock
energy by virtue of its high tenocity and
fracture toughness.

There is an initiative by NITI Aayog on ‘Make
in India Body Armour’, which loocks after the
standards for Indian BPJs. While DAE is play-
ing an important role in developing ceramic
materials and polymer composites for use

in BPJs, DRDO s looking after the design and
test gspects. Private players are also taking
an active part in absorbing the technologies
developed by DAE and DRDO in addition to
their own efforts in designing body armors.

Current status

The combination of beron carbide (hard
material) and UHMWPE-CNT composite
(tough material) hos been shown highly
effective in ballistic application and has
been used in the Bhabha Kavach™ ¥ the
import substitute and the lightest BPJ of
India. The hexagonal and quad design of
hot-pressed boron tiles has been found
suitable for withstanding multiple shots of
AK-47 hard steel core bullets. The back face
signature or blunt trauma of Bhabha
Kavach is also below 15 mm which is well
within the accepiable value of 25 mm.

The Bhabha Kavach has been tested as per
Maticnal Institute of Justice {NLJ} and Bureau
of Indian Standards (BIS) standards in Gov-
ernment opproved laboratories and it has
passed all the reqguired tests. Successful field
trials have been carrled out by various Forces
including Central Industrial Security Force
(CISF), Central Reserve Police Force (CRPF),
Border Security Force (BSF}, Indo-Tibetan
Border Police (1TBF‘}, and Northern Command.

The technologies for the indigencus manu-
facturing of boron carbide, carbon nano-
tube, and the final product Bhabha Kavach
are matured and have been transferred fo
several industries. The cost_of the Bhabha
Kavach is nearly half of that of an imported
BPJ. Bhabha Kavach is currently being used
by CISF. The Transfer of Technology {TDT}
hiolders have received orders of a few thou-
sand Bhabho Kaovach from different Forces.
Instead of importing, the Tol hoiders of
Bhabha Kavach are in a position to export
EPJ

The science behind the excellent ballistic
perfermance of Bhabha Kavach has been
explored and published in reputed journals.
These publications have received very good
citations and appreciation from peer
rasearchers worldwide.




With the advent of the higher threat level of
bullets, the requirement for advancement in
composite materials for ballistic application
has arisen. In this respect BARC has taken
up programs on the development of com-
posite ceramics. CNT-incorporated boron

Conclusion

carbide has shown drastic improvement in
fracture toughness and flexural strength of
the composite ceramic expecting remark-
able ballistic performances.

he technologies for manufacturing ultra-high molecular weight pelyethylene in the country
are not mature: DAE and DRDO should aim to develop technologies for advanced materials
in incubation mode along with relevant industries. During the development stage, the mate-
rials should undergo tests as per American Society for Testing and Materials (ASTM), BIS, and
NlJ standards. Moreover, at the time research laboratories are developing technologies for
the mass production of advanced ballistic materials, the government should drait enabling
policies to ensure thot the indigenously developed materials reach the user easily without

much delay.

7. GLASS & CERAMICS: YTTRIA
LOADED ALUMINO-SILICATE GLASS

MICROSPHERE (BHABHASPHERE) FOR
LIVER CANCER RADIOTHERAPY

Liver malignancies both primary and sec-
ondary are the most prevalent causes of
cancer-related deaths worldwide. Selective
internal radiation therapy (SIRT) is one of the
most promising treatment modaolities for
liver carcinoma. Intrinsically 290Y-labelled
glass microsphere is the most commoenly
used radictherapeutic agent for SIRT. Once
administered in the hepatic artery, the
microspheres preferentially lodge in the
malignant hepatic cells, and the dose is
deposited from 30Y [T% = 841 h, EB{max) =
228 MeV| without damaging nearby healthy
tissues (average penetration length of beta
radiation from 80Y is 25mm). 90Y-labeled
glass (YAS) microsphere, commerciaily
known as Therasphere(R), is approved by
the US FDA for the treatment of liver cancer
and is available commercially

As per reported data, the life expectancy of
a Hepatocellulor carcinoma (HCC) patient
is normally in the range of 2 months to 2
years, which can be enhanced from |1 to 5
years by treatment of 0.1 gms of labelled YAS
glass microspheres. However, the prohibi-
tively high cost of commercially availoble
90Y-labelled glass microspheres severely
restricts its utility in countries like India

Image 34: Bhabha Sphere for Laser Cancer
Radiotherapy (Sourc= Bhabha Atomic Research
Center inputs)

The primary objective is the in-house devel-

pment of a YAS glass microsphere and o
robust methodology for the preparation of
therapeutic doses of [80Y|Yttrium which is
equivalent to the commercially available
product (Therasphere). This will also ensure
its wider availability to a larger population of
pafients ot aon offordable cost. This is
achievable due ito the availability of a
research group in gloss science, radiophar-
maceutical, and research reacctor with
medium thermal neutron flux (Dhruva) in
BARC.
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Key government intervention

Initial approach to take up this topic wos
targeted to synthesise 88 Yttrio-loadad gloss
microspheres of required charocteristics
with the availability of expertise in the field of
glass science at BARC. The glass micro-
spheres with optimised composition and
controlled size (20-36pum) were synthesised
successfully. Further charocterisation and
evaluation and implernentation were carried
out in colloboration with the doctors of Tato
Memorial Hospital (TMH), Mumbai. Clinical
trials were successful and doses were
administered to patients by various hospitals
on a trial basis. Technology has been ready
for bulk synthesis of yttria-loaded gloss
microspheres.

Initial human clinical trials were carried out
in TMH hospital. Preliminary investigation
revealed oadministration of 34 GigaBec-
querel {GBqR therapeutic doses of the
developed [90Y]YAS glass microsphere
formulation injected into the patient was
well tolerated by the potient, as no odverse
side effect of the therapeutic procedure
was reported.

Current status

Formulatiocn of ready-to-use therapeutic
doses of YAS glass microsphere suitable for
human clinical use In the treatment of
unresectable liver cancer has been
achieved. Indigenous technology for the
synthesis of YAS glass microspheres with
diameters ranging between 20-36 pm by
flame spheroidization process has been
carried out successfully. [90Y]YAS glass
microspheres with adequate radionuclidic
and radiochemical purity for human clinical
use were produced by thermal neutron irra-
diation of YAS glass microspheres.

At present dose formulation with irradioted
Yttrio-looded gloss microsphere suitable for
Liver cancer therapy is ready and available
for patients. The material will be easily acces-
sible to common people at an affordable
cost through the BRIT portal Technology is
ready for bulk synthesis of controlled size
[gav]¥As glass microsphere suitable for liver
cancer radiotherapy.
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INDIGENOUSLY
DEVELOPED AIRDEFENCE

SYSTEMS

India has been working to indigenously develop defence weapons systems to neutralise
threats to the security of the nation for several decades. Over the lost decade, there have
been several government initiatives that have supported the development of indigenous
technologies that are today making their way into the armed forces to protect the nation

Following are a few notable accomplishments of the Defence Research and Development
Organization (DRDO) in creoting indigenous weapon gystems and contributing significantly

to India's aatrmanirbharta mission.

Akash Missile System

‘Akosh’ represents India’s pioneering tocti-
cal missile system, functioning as a Short
Range Surface-to-Air Missile system that is
designed to safeguard sensitive locations
and peints against aerial assaults. 'Akash’
has been effectively developed, maonufac-
tured and stationed with the Indian Air
Force (IAF) and Indian Army (IA) to fortify
national defence by the deployment of
firing units and providing round-the-clock
protection of the notion. The System can
engage multiple targets at once, aither in
Group or Autonomous mode. With built-in
Electronic  Counter-Counter Measures
(EccM) features, it is equipped with o
state-of-the-art Radar Systern, missiles,
launchers and other support systerms work-
ing in integrated form. The entire weapon
system has been configured on mobile
platforms and with eross-country mobility
and can be transported by air, road, and
rail.

Indigenously developed Technologies
regarding the Akash Missile System

« Integral Ramjet rocket propulsion and
integroted aercdynamics design

Air intakes and caps for ramjet applica-

fen

+  Smokeless
booster

«  Multibeam 3D surveillance radar
Multifunction phosed erray radar with
multiple target tracking

«  Multi-missile control with digital autopilot

« Distributed system-based HILS setup
using RF simulation-bosed targets.
High-performance electro-pneumatic
actuation system

+ Indigenous RF seeker technology proven
with the "Akash’ system

Nitramine propellant for

Impact and Benefits

During the Baolakot airstrike incident the
Akash Weapon System (AWS) was actively
utilized. Holding significant export potential,
the system is effectively used by both the
Indian Army (1A) and Indian Air Force (IAF) in
various concurrent war situations during
routine practice firings. DRDC handed over
Authority Hold Sealed Particular (AHSP) for
the A version to the Missile Systems Quality
Assurance Agency (MSQAA) in December
2022
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DRDO has created a cellaborative ecosys-
tern for AWS production, with designs from
DRDO laboratories, ocaodemia, and produc-
tion by PSUs and Private industries. 84% of
the system content is indigencus and
aground 80% of the subsystems are manu-
foctured by private industries, with more
than 100 MSMEs invoelved in the production of
the weapons system generating 36,000
crore worth of orders.

Quick Reaction Surface to Air
Missile System (QRSAM)

ORSAM is the first stote-of-the-art Air
Defence (AD) system that was developed
for the Indion Army to provide o tactical
land-based air defence system offering
continueus mobile area Air Defence for the
moving army columns. With the capability
ef searching and tracking command, con-
trel & communication on the move and
firing on short haits, the system can engage
multiple targets at ranges between 5 and
30 km.

Novelty and Exclusiveness

All the critical technologies of the weapaon
system are indigenously developed includ-
ing o Radio Frequency Seeker, o two-way
data link for mid-course guidance, an
Cnbeard computer and inertial navigation
systam with Telemetry functionality, Rotary
Electro-Mechanical Actuator, and
four-walled active array Radar and on the
maove communication.

Production partners are identified concur-
rently in the development phose to reduce
the leod time ond initiol prototypes are
made by the identified production partners
ensuring smooth Technelogy transfer and
readiness of production documentation.
Significant features of QRSAM are:

« Target engogements in different sce-
narios including minimum and maxi-
mum cititude and range, Salvo firing, low
RCS target, receding target ond missile
firing on brief halts

« India’s first highly accurote laser-based

end game fuze thot timely triggers the
firng pulse and effectively destroys
targets The search and ftrack
on-the-move functionalities of both Sur-
veillance and Multi-function radars.

« Command and communication on the
move for maximum range with relay
functionalities.

Impact and Benefits

= The system is mobile; with endurance for
plains, semi-desert & desert terrain

+ Production partners as system integra-
tors (PSUs) are identified for the ground
system as well as weapon systems

= Positive impact on indigencus MSMEs
supply chain production bosed on
demands and needs cf the Indian Army.

VL-SRSAM System

The Vertical Launch — Short Range Surface
to Air Missile (VL-SRSAM) weapon system,
offers protection to Indian Maval Ships from
diverse oerial threats. Understanding the
strategic importance of such a system, the
development cf these weapons is prioritized
across the globe. The development of the
VI-SRSAM weapon system was expedited
using Astra as a baseline. This is a significant
achievement in bolstering Indic's defense
capcbilities. With the participotion of over
100 industries, VL-5RSAM is the first Indige-
nous ship-borne Missile Weapon system.
During this development, consistent and
safe perfermance of the weapon system
from the Indian Navy (IN) ship has been
proven. DRDO is progressing on this task with
full support from IN.

Very Short—-Range Air Defense
System (VSHORADS)

Very Short-Range Air Defense System
(VSHORADS) weapon is a technologically
advanced 4" generation system, superior
tc the 37 generotion Man Portable Air
Defence System (MANPADS).
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Shpn-amga Air Dafem stmm {w%nsj
weapon (Source: DRDO inputs)

With its Uncooled Imaging Infrared Seeker
and high latax capability, VYSHORADS have
unigueness and superiority over MANPAD.
With mnissile moximum range of 6 km and
launch aititude up to 4.5 km (AMSL), it can be
fired from @ Man Portable Tripod. Controlled
through Aerodynamic and reaction control
system, it can target fighter aircrafts, heli-
copters and unmanned aerial vehicles with
in a specific gltitude band. The advanced
indigenous VSHORADS offers the benefits of
cost cost-effective advanced weapon
system capabilities of Intercepting ma-
noeuvring fighter targets;, operational eass,
IR flare discrimination and jamming immunity.

Air Missite (MRSAM) (Source DROO mpurs}

Medium Range Surface to Air
Missile (MRSAM) System-
Joint Development with Israel

The Medium Ronge Surface to Air Missile
(MRSAM) is being developed jointly with M/s

Isroel Aerospace Industry (1al), isroel and will
be produced for the Indian Airforce and
Army Air Defence. MRSAMSs are advanced,
all-weather, 350° rotatable, mobile,
land-based systems capable of engaging
muitiple targets up to 50 km, protecting
against enemy air attacks.

Counter Drone System Tech-
nology

To mitigate and negate the emerging
threats of Drones or Unmanned Aerial Vehi-
cles (UAV), a counter-drone System for
detection, deterrence and destruction has
been developed to neutralize drone threats.
Considering the unique nature of drones in
terms of speed, size, hovering capability and
resemblance to birds, no sensor system in
standalone mode will be able to provide
sufficient capability to guarantee a reliable
and effective defence against threats from
drones. Therefore, a systemn with a mix of
detection capabilities, including microwave
gmission and reflection, infrared, and visible
light, is needed for drone detection.

The Anti Drone System (code-named D4)
uses multiple sensors to detect, track and
identify airborne drones with information
transfer for the mitgaoted octions. The
Counter Drone System from DRDO is devel-
oped indigenously and consists of the
following componants:

+ Drone detection and tracking Radar

+ Day and night camera with laser ranging
for detection and identification

+ RF channel detection, Direction finding &
Jamming system {Eoff Kill)

. GF:']EL Jamming/ Spoofing System (Scft
Kill

« Loser Directed Energy Weapon System
(Hard Kill)

. :{nte}grnted Command & Control Centre

C3

Impact and Benefits

The Counter Crone System, evaluated by
three services and various MoD and MHA
security agencies, has received preduction
orders from all three services.

gl



I'he system has been deployed for VVIP protection duties during Republic Day and Indepen-
dence Doy celebrations. Prototypes for one vehicle-based and one ground-based set-up
have been prepared and evaluated by DRDO. The D4 system is being exported to Armenia
and other export enquiries are being discussed,

Figure 7 Counter Drone System {Scurce: DRDO inputs)










Energy independence is on important objective for nations worldwide, as it is the
cornersitone for sustainable economic and developmental progress. S&T plays an important
role in this field. From new ond improved methods ond technologies. for occessing
non-renewable sources of energy such as coal and oil & natural gos, te the development of
technologies for harnessing renewable energy sources, S&T plays a crucial role. With
sustainability and environmental concerns coming to the fore, there is more need now than
ever to push our scientific and technelogicol abilities to deliver on the promise of clean

energy independence for India.

The Horvble Prime Minister of India in his. 75th
Indepandence Day speech has mentioned
that India will have to pledge to become
energy independent before its 100 years of
independence™ and the Gol has made
energy self-sufficiency a major goal for the
nation. Indio s a signatory to the Paris
Agreement. under the United Nations
Framewoerk Convention on Climate Change
(UNFCCC). Under its updated Nationally
Determined Contribution (NDC), India is now
committed to reduce GDP Emissions
intensity by 45% by 2030, frem 2005 level
and achieve approximately 50% cumulative
glectric power instolled caopacity from
non-fossil fuel-bosed energy resources by
2030% India hos also committed to
attaining Net Zero Emissions by 2070

Reports suggest that Indio could become
energy independeant by 2047 with sufficient
invastments in developing and deploying
renawable energy sources. S&T innovations
and technolegical advancements will pave
the way to delivering on this potential.

India’s Nationai Biofuel Palicy 2018% aimed to
reduce fossil fuel dependence, boost rural
economy, and enhance envircnmental
sustaoinability through o waste-to-weaith
gpproach. It torgeted ambitious blending
goais, encouraged investments, and promoted
technological advancements for a greener
energy eccesystem while supporting Indias
environmental commitment More importantly, it
paved the way for a number of policy
interventions which will be eloborated
subsequently.

The Gol is also promoting wind power and
has notified the "Notional Offshore Wind
Energy Policy” in 2015 There are also
programs In development to support
implementation of offshore wind energy
projects in coastal states. Other importarit
government programs and schemes in the

area of renewable energy include the
Central Public Sector Undertaking (CPSU)
scheme which aims at setting up 12000
Megawatt (MW) grid-connected Solar
Photovoltaic (PV) power projects by
government producers, using domestically
manufactured Solar FV cells; the Pradhan
Mantri Kisan Urja Suraksha evam Utthaan
Mahabhivan (PM Kusum) which promotes
small Grid Connected Solar Energy Power
Plants, solar-powered ogricultural pumps,
and solarisation of existing grid-connected
agricultural pumps; the Renewable Energy —
Research and Technology Development
(RE-RTD) Scherme which gims to suppart
R&D projects for technology development,
indigenisation, increase the share of RE in
the energy mix, enhance industry
competitiveness, and strengthen the MNRE's
autonomous institutions;, Green Energy
Corridor (GEC) to create an intrastote
transmission systermn for renewable energy
projects and the PL Scheme for National
Programme on High-Efficiency Solar PV
Modules to achieve Gigawatt (GW) scale
indigenous solar manufacturing.

These and investments in electric vehicles,
National Eectric Mebility Mission, National
Biogos, and Manure Management Programime™
investments in energy storage technologies
such as batteries, etc, and many others are
a testament to the importance of energy
independence to the Gol

Five efiorts in this space are discussed in this
report, the National Green Hydrogen Mission,
National Bioenergy Programme, National
Ceoal Gasification Mission, and Ultra Mego
Solar Power Projects, and nuclear power as
o few examples of specific fields in which
the Gol has made efforts that are bearing
fruits, ond putting the nation to the course to
sustainable energy independence.

En




2.1

NATIONAL GREEN
HYDROGEN MISSION

FACTSHEET®4 85

Year of Union 2022

Cabinet Approval

Nodal Agency Ministry of New and Renewable Energy

Financial Outlay Initial cutloy- INR 19,744 crores. Breakdown is
I;::elonr

INR 17,450 crores for the Strategic interventions
for Green Hydrogen Transition 18IGHT)
programme

INR 1466 crores for pilot projects

INR 400 crores for RED

INR 288 crores towards other Mission
components

Key Objectives + Making India @ leading producer and supplier of

Green Hydrogen in the world
Creation of export opportunities for Green Hydrogen
and its derivatives

+ Reduction in dependence on imported fossil fuels
and fesdstock

+ Development of indigenous manufacturing
capabilities

- Attracting investment and business opportunities for
the industry
Creating oppertunities for employment and
economic development

+ Suppeorting R&D projects

Expected Outcomes . Development of green hydrogen production

by 2030 capacity of at least 5 Million Metric Tonne (MMT)
per annum with an associated renewable energy
capacity addition of about 125 GW in the country
Over INR 8 lakh crores in total investments
Creation of over & lakh jobs
Cumulative reduection in fossil fuel imports over
INR 1 lakh crores
Abatement of nearly 50 MMT of annual
greenhouse gas emissions

Industrial Application : ;mﬁsmrtﬂtiun
*  FOWer

Chemicals

Heavy Metals

industries such as Paper, CementAluminium,
Food, Glass




Image 37: Components (Production, Storage, Transportation and Application) (Source FAST Inclia)

The Nationol Green Hydrogen Mission in
india represents an ambitious step towards
achieving a sustainable and
carbon-neutral future. Intending to make
india o global leader in green hydrogen
production and export, this mission holds
mmense potential for transforming the
countrys energy landscape. Green
hydrogen, produced through electrolysis
powered by renewable energy sources,
offers a clean and versatile alternative to
traditional fossil fuels.

During his address on Indias 75" Indepen-
dence Day, Prime Minister Narendra Madi
unveiled the National Hydregen Mission, to

establish India as o global hub for the pro-
duction and export of green hydrogen. This
mission is pivotal in India s pursuit of energy
salf-reliance ond independence. Recognis-
ing the country's heavy relionce on energy
imperts, which currently amount to over
$160 billion annually, the government aims
to oddress this challenge and prevent o
potential doubling of imports within the
next 15 years. With the approval of the
Mational Green Hydrogen Mission by the
Union Cabinet on January 4, 2022, India is
poised toc emerge as a leading playerin the
global green hydrogen sector

“Not only will green hydrogen be the basis of green growth through green jobs, but it
will also set an example for the world towards clean energy transition.”

I Hon'ble Prime Minister,® Shri Narendra Modi
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While hydrogen has a higher specific
gnergy (energy content per unit of mass)
compored to many hydrocaorbon fuels, its

The importance of Hydrogen

Hydrogen, a@s an energy carrier, offers : Iroc ;
extensive possibilities for a wide range of Volumetric energy density is relatively low.
energy and industrial applications. It pos- This necessitates the pressurisation or
sesses the advantage of long-term storage  liquefaction of hydrogen for practical fuel
capability. However, the opportunities and  Ysage. These properties greatly influence
challenges associated with hydrogen stem  the value and suitability of hydregen for
from its unique energy characteristics. different end-use scenarios.

Hydrogen production categorisation®

Hydrogen, despite being the most abundant element in the universs, is rarely found in its pure
form and requires extraction from other compounds containing hydrogen. The degree to
which hydrogen contributes to decarbonization depends on the cleanliness and sustainability
of its production method. Hydrogen is categorised into different colours based on jts sources

and production processes.

MNatural Gas

Black/Brown/Grey
Hydrogen s derived from
coal or lignite gasification
(black or brown ) or
produced through steam
methane reforming of
natural gas or methane
(grey). These production
methods are primarily
carbon-intensive,
resulting in significant
carbon emissions.

Matural Gas

Hydragan

Water =

Gireen ——

Electricity Hydrogen

Underground
Storage

Blue hydrogen is
generated by utilising
natural gas or ceal
gasification methaods,
accompanied by the
implementation of carbon
capture storoge or
carbon capture use
technologies. These
innovative approaches
effectively mitigate
carbon emissions, making
blue hydrogen a cleoner
alternative to traditional
producticn methods.

Green hydrogen Is
produced through the
process of electrolysis,
which involves splitting
water into hydrogen and
oxygen using electricity
derived from renewabl
energy sources. The
carbon intensity of green
hydrogen depends on the
carion neutrality of the
electricity source. In other
words, the greener the
glectricity fuel mix with g
higher share of renewable
energy, the lower the
carbon footprint of the
produced hydrogen.




The potential of Hydrogen in
India

In the industrial sector, hydrogen has the
potential to replace coal and coke in iron and
steel production, which is a major source of
carbon emissions globally. By decarbonising
the steel manufocturing process using
hydrogen, significant prograss can be made
toward achieving climate goals.

Moreover, hydrogen can reduce fossil fuel
imports. Currently, hydrogen produced
from natural gaos is extensively used in the
production of nitrogenous fertilisers and
petrochemicals: Transitioning to green

hydrogen in these sectors would enable the

use of renewable energy ond reduce
dependence on Imports.
Furthermore, hydrogen-based Uronsport

spacifically fuel cell electric vehicles (FCEVS),
holds promise. FCEVs powered by hydrogen
fuel have zero harmful emissions, making
them an environmentally friendly option.
While battery electric vehicles (BEVs) may
be suitable for light passenger vehiclas with
shorter driving ranges,; FCEVs are expected
to become cost-competitive for heavy-duty
vehicles like buses and trucks, which require
lenger trip ranges.

Hydrogen Industry Potential in India®®

¢ |ndia’s annual ammonia consumption for fertiliser production is about 15 million tonnes,

roughly 15% of this demand (over 2 million tonnes per annum) is currently met from
imports. Mandating the use of even 1% green ammonia share is likely to save about 0.4
million standard cubic feet per day of natural gas import.

The use of hydrogen in the steel industry could substitute imported coking coal. During

2018-19, the total demand for coking coal for the steel industry was 58.37 million tonnes.
Out of this, b1.83 MT was met through imports.

While BEVs are dependent on imported raw materials like lithium and cobalt for lithiumion
batteries, the hydrogen fuel cell supply chain can be wholly indigenised, making India
Aatmanirbhar in the clean transportation segment.

Current status of the Hydrogen
industry in India®®

In 2020, Indios hydrogen demand was 6
million tonnes per year, and it is projected to
increase by 50% by 2030. By 2050, the
demand is expected to increase five-fold to
28 million tonnaes, with 80% of it being green
hydrogen

Notable industrial gionts such as Reliance
Industries Limited, GAIL NTPC, Indian Oil Cor-
poration, and L&T haove expressed their
interast in venturing into the green hydrogen
sector

India has also set its sights on becoming a
hydrogen exporter to countries like Japan,
South Koreq, and Europe. Several hydro-
gen-powarad vehicles, including Tato
Motors 6-cell buses, Indian Oil Corporation's
50 hydrogen-enriched CNG buses in Delhi
and IIT Delhis collaboration with Mahindra &
Mahindra for two hydrogen-fueled internal
combustion engine buses, have been
developed and demonstrated with the sup-
port of the Indian government

o
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Future prospects

The National Green Hydrogen Mission in
India offers promising prospects for the
future. It seeks to positien India as a global
leader in green hydrogen production and
export, driving energy independence and
reducing carbon emissions. The mission
focuses on advancing the production, stor-
age, and utilisation of green hydrogen by
integrating renewable energy sources and
advanced technologies: Although the sector
foces challenges in commerciclisation,
including production storage, transport,
distribution, and end-use, the potential ben-
efits make it a worthwhile endeavour.

The Ministry of New and Renewable Energy
(MNRE) unveiled comprehensive draft R&D
Roadmap for Green Hydrogen Ecosystem in
India™ which outlines the R&D priorities for
rmanufacturing and storing Green Hydrogen.
NITI Aayog, the Government of India's apex
public policy think tank, has outlined a com-
prehensive plan with 10 actionable steps® to
guide the National Action Plan on Green
Hydrogen. This plan aims to accelerate prog-
ress and maximise the potentiol of green
hydrogen in India's energy transition. These
plans stem from the direct interventions by
the MNRE to promote and strengthen the
research copacity of Indio's renewable
energy sector. Below are some highlights of
the proposed plan developed by NITI Aayog:

Table 7: Highlights of NITI Aayog proposed plan

1. Develop a detailed roadmap
focused on all aspects of Green
Hydrogen

Complementing the National
Hydrogen Mission, the formulation
of a national roodmap/strategy
focused on green hydrogen is
essential This long-term roadmap
will enhance investor confidence
glign the value chain, and bring
together government agencies
towards a unified vision.

3. Establish mandates and provide
incentives to achieve a green
hydrogen production capacity of
160 6w

The government can mandate
hydrogen blending in key secters
and introduce incentives like PLI for
green steel providing demand
certainty and encouraging market
development.

2. Intervene on the supply side to
reduce the cost of green hydro-
gen to $1/kg

Government support for green
hydrogen producers can include
tax reductions, preferential tarifis,
revenue recycling of carbon tax
low emission Power Purchase
Agreements (PPAs), and discount-
ed grid electricity for renewable
energy generation, boosting its
effectiveness and adoption.

4. Build manufacturing capacity
totalling 256W by 2030 coupled
with supportive manufacturing
and R&D investments

The roadmap should prioritize 25
GW electrolyser capacity by 2030
and a %! billion R&D investment
Simplified regulations aond tender
preferences will boost manufoc-
turing, with local R&D investments
focusing on grond challenges and
test bench infrastructure.



S. Initiate green hydrogen

standards and a labelling
program

Urgent measures are needed to
establish standards and imple-
ment a green hydrogen labelling
initiative for effective development
recognition.

. Facilitate investment through
demand aggregation and
dollar-based bidding for green
hydrogen

The government can support early
adopters by facilitating investment
through measures such as
demand aggregation, accessible
finance, and the establishment. of
a functional carbon market to pro-
vide financial certainty.

. Encourage capacity building and
skill development

Fast-track across skills the devel-
opment ecosystem, encompass-
ing govemment, industry, and
acodemia, o address vorous
aspects such os technology, busi-
ness policies, and geopolitics.

6.

10.

Promotion of exports of green
hydrogen and green
hydrogen-embedded products
through a global hydrogen
alliance

Pursue industrial and glebal energy
partnarships integrating hydrogan
establishing labelling and stan-
dards. Explore Incentives for green
ammonia and steel production to
accelerate the adoption of hydro-
gen-baosed products.

Encourage state-level action and
policy-making related to Green
Hydrogen

Encouraging stotes to develep
their green hydrogen paolicies will
complement national-level efforts
and enhance the overall progress
in the adoption of green hydrogen.

Construct an inter-ministerial
governance structure

Establish an interdisciplinary Proj-
ect Management Unit (PMU) with
globally trained experis and dedi-
cate full-time resocurces for the
affective implementation of the
mission. Crecte an inter-ministerial
mechanism to ccordinate efforts
across ministries and departments,
ensuring seamless coliaboration
towards achieving the missions
targets.




Conclusion

Hydrogen plays a crucial role in India's energy transition, enhancing industriol competitive-
ness, reducing emissgions, and improving public health. India has the potential to lead the
global hydregen economy by decarbonising hard-to-abaote sectors and becoming a pow-
erhouse of zerc-carbon export products like green steel ond ammonia. However, challenges
such as high production costs, infrastructure development, regulations, and financing need
to be cddressed. Significant R&D funding, demand and supply-side incentives, revisiting
standards and regulations, and financing support can accelerate the adoption of hydrogen.
With the right policies and actions, India can become a global leader in the hydrogen energy
ecosystem, fostering econemic growth and sustainability.



2.2

NATIONAL BIOENERGY
PROGRAMME

Nodal Agency Ministry of New and Renewable Energy

Implementation Period 01/04/2021 to 31/03/2026

Implementation Plan 2 Phase plan; Phase 1 approved in Novembsr
2022

Sub-schemes « Waste-to-Energy Programme

Biomass Programme
Biogas Programme

Budget Outlay Phase I: INR 868 crores. Breakdown as under:
«  Waoste-to-Energy Programme: INR 600 crores
Biomass Programme: INR 158 crores
Biogas Programme: INR 100 crores
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n our quest for a cleaner and greener future,

wea often come across terms like bioenergy’
ond ‘renewable resources. But what do
these terms mean, and how do they impact
our everyday lives?

The National Bicenergy Programme is an
initiative aimed ot promaoting the use of bio-
enargy as o sustainable and renewable
energy source. The programme focuses on
harnessing the potential of various biomass

dues, oagricultural waste, and energy
crops for the production of biofuels,
biogas, and biomass-baosed power gen-
eration

By utilising these obundant resources, we
con produce biofuels, biogas, ond even
electricity, reducing our reliance on fossil
fuels and lowering harmful emissions. The
beauty of bioenergy lies in its renewable
nature — it can be continuously replenished,

resources such as crop residues, forestresi-  unlike finite resources like coal or oil.

Biomass refers to any organic matter derived from plants, animals, or their byproducts that
can be used as a source of energy. It includes various forms of organic materials such as
crop residuas (tike agricultural waste and stnlks], wood and wood waste, animal manurs,
dedicated energy crops, and aquatic plants. Pellets and briquettes, a comprassed and
refined form of biomass, offer a reliable alternative to coal in industries for thermal applica-
tions.

Biogas is o type of renewable energy produced through the ancerobic digestion or
fermentation of organic materials in the absence of oxygen. It is primarily compaosed of
methane and carbon dioxide (CO,), along with small amounts of other gases such as

nitrogen, hydrogen, and trace elements. Biogas can be used as a fuel for heating, cooking,
and electricity generation, providing a sustainable alternative to fossil fusls.

Biogas consists of approximately 55-65% methane, 35-44% carbon dioxide, and traces of
other gases like hydrogen sulphide, nitrogen, and ammeonia. In its raw form, without purifi-
cation, biogas can be utilised as a clean fuel for cooking, lighting, motive power, and
electricity generation. It can also be blended with diesel, replacing up to B0% in diesel
engines, or used in 100% biogas engines for complete diesel substitution. Moreover, biogas
can undergo purification to achieve up to 98% methane content, creating Compressed
Bio-Gas (CBG), o green and clean fuel suitable for transportation or high-pressure cylinder
filling at around 250 bar.

advantages. Presently, indio possesses an
impressive annual biomass reserve of 750
million metric tonnes, with an excess avail-
ability of 230 MMT per year. Biomass contin-
ues to play a significant role in Indias energy
landscape, accounting for approximately
22% of the country's overall primary energy
consumption. Moreover, over 70% of the
oopulation relies on biomass as a crucial
source of energy to mest their daily energy
requirerments.™

Potential

India, renowned for jts thriving agriculture
sactor, holds a prominent position as a
leading global producer of rice, wheat,
cotton, sugar, horticulture, and dairy prod-
ucts.™ Additionally, the cultivation of these
crops genergtes o significant amount of
biornass, which serves as a well-established
energy source, bringing forth numerous



India generates substantial daily municipal
solid waste of approximately 1600388
tonnes. This waste serves as an additional
biomass source. Cut of the total daily waste
generated, around 85% is collected, with
about 75,8563 tl:!'“rl:m treated and 29,4272
tonnes landfilled.”® Howaver, these landfills
act as SIEJFIIfI-,_,CII'It methane super-emitters,
contributing significantly to global warming.
Methane emissions account for approxi-
mately W% of greenhouse gas em H2sions,
trapping 80 times more heat in the atmo-
sphere than carbon dioxide.™ By 2031, India
s projected to produce 125 millien tonnes of
waoste annually,® leading to an exponential
increase in methane emissions. Addressing
the colossal issue of waste generation in
India is of utmost importance.

The convergence of Indias agricultural
strength and biomass potential presents a
remarkable opportunity for sustainable
energy development and rural livelihood
improvement. By leveraging and optimising
blomass resources, India can further reduce
its dependence on fossil fuels and mitigote
environmental concerns. According to the
International Energy Agency (IEA), imple-
menting government policies could result in
bloenergy generating around 130 million
tonnes of ocil equivalent (Mtoe) of useful
energy by 2040. This would account for
approximately 15% of Indias total energy
demand at that time.™ The continued focus
on hamessing the potential of biomass will
not only contribute to India's energy SLLL-rit'}“
but olso pave the way for a greener and

more sustainable future for the nation and its

people.

Air pollution in North India from stubble burning: A case of under-utilised potential of
bio-energy

Severe air pollution in northern India centred around Delhi, has long been a matter of grave
concem, and one significant contributor to this issue is stubble burning in North India. Stubble
burning, a common practice ameng farmers to clear their fields after the harvest season,
releases enormous amounts of harmful pollutants into the atmosphere, including particulate
maitter, carbon monoxide, and volatile organic compounds. These pollutants significantly
degrade air quality and pose severe health risks to the residents of Delhi and downstream
areqs. According to recent datg, the act of stubble burning in Delhi during the months of
October and November 2022 resulted in a surge of over 25% in the PM25 pollution level.™

However, instead of burning this bio-waste, it can be effectively utilised for bioenergy produc-
tion. By employing advanced technologies such as biormass gasification or anasrobic diges-
tion, agricultural residues like stubble can be converted into clean and renewable energy
sources like biogas or biofuels. This alternative approach not only addresses the problem of
air pollution but also promotes sustainable energy production, reduces greenhouse gas
emissions, and provides an economic incentive for farmers. By encouraging the adoption of
such bioenergy solutions, we can tackle Delhi's air pollution crisis while promoting a greener
and heaithier environment for all.

About the National Bioenergy Programme

On November 2, 2022, the MNRE, Gol, introduced the National Bioenergy Programme. This
I""Qm"ﬁ spanning from FY 2021-22 to 2025-26, will be implemented in two phases. The
pproved Phase-| of the program has a budget allocation of INR 858 crores
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The National

Bioenergy Programme

encompasses various sub-schemes as
under

L

Waste to Energy Programme: Frogramme
cn energy from wrban, industrial, and
agricultural wastes/residues. Suppoarts
the establishment of large-scaole biogas,
BioCNG, and power plonts (excluding
MSW to power projects). The Indian
Renewable Energy Development Agency
(IREDA) will be the implementing agency
for the program.

Biomass Programme: Aimed at facilitat-
ing the production of briguettes and pel-
lets for power generation and promaoting
non-bagasse-based cogeneration in
industries.

Biogas Programme: Designed to assistin
the creation of family and medium-sized
biogas projects in rural areas.

Current status and
achievements'®

1

As of October 31, 2022, the Biomoss Power
and Cogeneration sector in India has
achieved a total installed copacity of
10,205 MW. This includes:
+ 1,871 MW from Biomass Independent
Power Producers (IPP)
7,56245 MW from Bagaosse Cogensra-
tion 77205 MW frorn MNon-Bagaosse
Cogeneration.

Development of a framewaork of incentives

and Central Fiscal Assistance medsures

specifically tailored for biomass-based
projects. The structure is as follows:

* Briquette/Pellet Manufacturing plants:
INR S Lakh per metric ton/hour manu-
facturing capacity (maximum CFA of
INR 45 Lakhs per plant)

- Biomass (Non-bagasse) cogeneration
projects: INR 40 Lakhs/MW (on Installed
Capacity & maximum CFA of INR 5
croras per project).

Promotion of instoliation of biogas
plants through the implementation of
two Central Sector Schemes under
Off-Grid/distributed ond decentralised
Renewable Power. These schemes were
valid until Morch 31, 2021,
* New National Biogas and Organic
Manure Programme (NNBOMP): This

scheme facilitated the establishment
of biogas plants ranging in size from |
cubic meter to 25 m7 per day.

« Biogas Power Generation (Off-grid)
and Thermal energy application
Programme (BPGTP): This scheme
agimed at setting up bicgas plants In
the size range of 30 m” to 2500 m? per
day, with corresponding powsr gener-
ation capacities ranging from 3 kW to
2560 kW using biogas or raw biogas for
thermal energy or cooling applica-
tions.

4. MNRE has approved biogas plant designs

that have proven their worthiness in the
field. They have also established Indian
standards for Biogas Plants, accessories,
and oppliances in collaboration with BIS.
This process is ongeoing. Under the
MNMBOMP, there are four basic models and
ten approved designs of blegos plants,
with detoiled information available in the
scheme Guidelines. All these approved
designs are eligible for uniform financial
subsidies and other facilities across the
country.

. Through the National Biogas and Manure

Management Programme  (NBMMP),
approximately 5 million family-size
biogas plonts were installed until 2017-18.
The program has since been redesigned,
madified, ond renamed as the New
National Bicgas and Orgonic Manure
Programme, continuing from 2018-19. The
NNBOMP aims to increase biogas pro-
duction from small biogas plonts with
capacities ranging from 1 to 25 m*

The objective is to set up around 250,000
biogas plants within this capacity range,
generating a totol of approximotely
800,000 m” of biogaos per day. The MNRE in
India has also increased the Central
Financial Assistance (CFA) for approved
compenents. Additionally, 100% biogas
engines are now avoilaoble in smaller
capacity ranges, enabling the utilisation
of surpius biogas for lighting, small power,
and electricity requirements from a
biogas plant.



Conclusion

india's National Bioenergy Programme is a
significant initiative cimed ot harmessing the
potential of biomoss os o sustainable
energy source. With a focus on premoting
the installation of biogas plants, generating
power from biomass, and utilising organic
waste for energy production, the program
addresses both energy needs and environ-

mental concerns. The availability of financial
subsidies, approved designs, and stan-
dardised guidelines contributes to the suc-
cessful implementation of the program,
making bicenergy a viable and accessible
option for meeting India’s energy demands.
By leveraging bioenergy resources, India
takes a significant step towards achieving
its renewable energy goals and building a
greenear, more sustainable future.
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2.3

NATIONAL COAL
GASIFICATION MISSION

Year of Union
Cabinet Approval

202)

Ministry of Coal

Nodal Agency

Expected Investment INR 4,00,000 crores+™

Key Objective Achieve 100 MT gasification by 2030

Coal and petroleurn, and their allied products such as natural gas, ond others, form the
bosis of not just the enargy market but also of fertiliser, steel, and other important indus-
trial products. While India’s investments in renewable energy are increasing, the country

is still dependent on coal and patroleum for meeting energy and industrial needs.

Indic Is in a curious position when it
comes to one of the major sources of
energy today, coal Despite being the
world's second-largest coal producer
and the 5" largest country in terms of
coal deposits, the country is unable 1o
meet the reguirements of domestic
industry and development” The country
has two main types of coal reserves:
coking coal (used In the steel and iron
industry) and non-coking coal (used in
thermal power plants for electricity gen-
eration). India haos large reserves of
non-coking coal but lacks reserves of
coking coal for industrial purposas which
are then imported. India also depends on
imports of chemicals such as urea and

ammaonia, which are by-products of the
petroleum industry and important inputs
for the fartiliser industry.

Environmental concerns and international
emission commitments alsc mean that
demand for cleaner ways to burn fuel is
increasing. Coal gosification is a solution
to both these challenges. It can be utilised
in enargy-efficient fuel cell technology
and is a precursor to modem hydrogen
production, accounting for 20% of today’s
world hydrogen production. Considering
the countrys import dependence on ail
and gaos, cool (used for gasification) can
be a better substitute for these impaorted
fuels.
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Coal gasification is an oxidation process thot converts coal into syngas which is a
combination of carbon monoxide and hydrogen. Syngas can be used to produce Gaseous
Fuels such as Hydrogen, Substitute Natural Gas (SNG or Methane), Di-Methyl Ether (DME),
Liguid Fuels such as Methanaol, Ethanol, Synthetic diesel, and Chemical and Petrochemicals
like Methanol derivatives, Olefins, Propylene, Mono-Ethylene Glycol fMEG], nitrogenous
fertilisers including Ammoenia, DRI, Industrial Chemicals. Hydrogen preduced from Syngas
will also help in meeting the energy neads of the country.™

Proximate

& Ultimate

Hot & Cold
Strength

Gasification
Potential Mapping

Caking
Propensity

Figure 8: Coal Characterization Matrix for potential Mapping of high ash Indian coals
(Seurce Ministry of Coal websits)

Given the strategic importance of develop- -«
ing coal gasification, the Government of
india announced a Notional Coal Gasifica-
tion Mission, with a target to gasify 100 MT of
coal by 20307

R&D efforts and completing pilot scale
and demeonstration scale studies In
developing technologies suited for indian
coal

Developing a policy framework for making
available coal to proposed projects to be
set up both in the public and private
sectors

The Ministry of Ceal hos chalked out an
implementation strotegy for the Mission

which include: « Providing policy support for ensuring the
- Gaosification potential mapping of entire financial viability of projects.
coalfields. + Coordinated approach with all stakeholders

+ Setting up commercial scale piants for

yarious feedstocks bosed on ovailoble
gasification technologies.

including Ministries for establishing the
entire value chain.



The Gol has also brought certain reforms
and policies to provide impetus ond sup-
port to the mission. To ensure 100 MT Coal
Gasification by 2030, the Government is
ensuring the availability of coal for these
gasification projects by creating a separate
auction window under the Non-Regulated
Sector (NRS) sector and also providing ©
50% concession on revenue share in coal
blocks allocated under commercial mining.
The Ministry of Coal has formed a new
coal-linkage policy for coal gasification
projects and o policy reform to consider the
production of S5yn-Gas from coal gasifica-
tion as a subsector of the NRS has been
enacted. A policy for concessions of 50% in
revenue share for commercial auction of
coal blocks hos also been intreduced. Final-
v, a scheme for financial assistance for the
surface coal gasification projects is under
preparation in consultation with different
stakeholders.

To set up initial projects, 4 CPSUs have bean
asked to formulate joint ventures to take up
these projects. It is expected that the exper-
tise of PSUs in Mining, Gasification technolo-
gy, ond distribution netwaork of final products
from these projects will help in dealing with
challenges.™

An important aspect of the Mission is the
thrust on R&D for developing indigenous
gasification technology that is suitable for
Iindian ceal, with its high ash content. Several
efforts are being made for this across the
country namely:

« The development of indigenous coal
gasification technelogy has been sup-
ported by NITI Aayog ond DST at NISC
Bengaluru and Thermax Pune.

« (SR is funding a project at CIMFR Dhan-
bad for the development of coal gasifi-
cation technolegy at a pilot scale
Pilot-scole project with a methanol gen-
eration capacity of 0.25 metric tons per
day has been initioted by NIT| Aoyog and
funded by the DST under Clean Energy
Research Initigtive in Hyderabaod.

« In addition to the obove M/s Bharat
Heavy Electrical Limited (BHEL) hos olso

developed an indigencus gasification
technolegy and a pilot Coal to Methanol
plant successfully has been demon-
strated at BHEL R&D, Hyderabaod.

BHEL developed Coal Gasification
facility at Hyderabad

e —

Image 40: BHEL developed Coal Gasification
facility (Source. Bharat Heavy Electricals, Twitter]

Coal gasification is an opportunity for the
country to meet the need to be energy
sufficient by 2047 and will require the close
collaboration of researchers, industry, and
government to moake it a reality for the
security of our future generations.



2.4

DEVELOPMENT OF SOLAR
PARKS AND ULTRA MEGA
SOLARPOWERPROJECTS

Image 4F Solar Park (Source Image licensed from frespikcom)

Solar Parks are large plots of lond equipped with the necessary infrastructure and
approvals for solar project installations. India's Ultra Mega Solar Power Projects (UM-
SPPs) represent a pioneering effort in the country's quest for sustainable and clean
energy sources. As one of the largest solar powaer initiatives globally, the UMSPPs have
positioned Indio at the forefront of the global renewable energy revolution. These ambi-
tious projects are transforming India's energy landscape, harnessing the power of the
sun to drive economic growth while mitigating the impacts of climate change.

Aligned with its commitment to the energy resources in the electric power
UNFCCC through its intended NOC, India  sector by 2030." The UMSPPs are crucial in
aims to decrease GDP emissions intensity  attaining these targets outlined in the
by 45% by 2030 (from the 2005 level) and  National Action Plan on Climate Change
achieve approximately 50% cumulative (NAPCC).

installed capaocity of non-fossil fuel based
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About the scheme'®

The "Davelopment of Solar Parks and Ultra
Mega Saolar Power Projects’ scheme was
initiated on December 12, 2014. While typical-
ly the capacity of Solar Parks considered for
this scheme is 500 MW or more, smaoller
parks (up to 20 Mw) are considered in
regions with limited nonagricultural land
availability. Approximately 4 to 5 acres of
land per MW are required for Solar Park
setup.,

The UMSPPs, implemented through a collab-
orative effort between the government,
Solar Energy Corporation of India (SEC1), and
private developers, have facilitated the
rapid deployment of large-scale solar
power parks nationwide. These solar power
parks, such as the Pavagada Solar Park in
Karnatoka and the Rewa Solar Paork in
Madhya Pradesh, are redefining the renew-
able energy londscape in India. They show-
cose the success of competitive bidding

Scheme

processes that have driven down tariffs and
made sclar power economically viable.
Additionally, these projects have stimulated
lecal economies by creating job opportuni-
ties and fostering technological innovation
in the solar energy sector.

Under this scheme, the Ministry provides
Central Financial Assistance (CFA) of up to
INR 25 lokhs per Seclar Park to prepare
detailed project reports. Additionally, on
achieving the prescribed milestones, a CFA
of up to INR 20.00 lokh per MW or 20% of the
project cost including grid-connectivity
expenses, Is granted, whichever is lower. The
total Central Grants approved for the
scheme amount to INR 8,100 crores.

The implementation of the scheme and the
management of funds are handled by the
SEC!I and the Indion Renewable Energy
Development Agency (IREDA) on behaif of
the Gol.

" Factsmeer

Deyelopment of Solar Parks and Uitra Mega

Solar Power Projects

Year of Union
Cabinet Approval

Nodal Agency

|2 Decamber 2014

Ministry of New & Renewable Energy

Utilise india’s high Solar Energy potential to set up

Objective

Solar Power projects across the country through a

collaborative effort comprising SECI, State govern-
ments, and private sector developers.

Current Status'’

Key Achievements

Gol has approved 57 Solar Parks with an
aggregate capacity of 39.28 GW, as of 28"
February 2023.

2 parks are fully complete, and 8 parks are
partially complete.

The cumulative capacity of 10,17 MW
commissioned.

Exponential growth of India’s Solar Energy Copocity

frorm 3,773 MW in 2014 to 63,146 MW in 2022.'¢
Bhadla Solar Park In Rajasthan with an installed
capacity of 2,245 MW is the world's largest solar
park as of 2023,



Key achievements

REWA ULTRA MEGA SOLAR PLANT

Image 42: Rewa Ultra Mega Solar Plant
(Sotrces RUMS Cfficial website)

The Rewa Ultra Mega Solar (RUMS) plont,
located in the Rewa district of Madhya
Pradesh, is one of the countrys most
significant solar power projects. It is o
joint venture under the name Rewa Ultra
Mega Solar Limited (RUMSL) between the
SECI and Madhya Pradesh Urja Vikas
Nigam Limited (MPUVNL). The plant has a
total installed capacity of 750 MW and is
spread across 1,580 acres. It consists of
three solar power generating units, each
with o capacity of 250 MW run by Mahin-
dra Renewables, Acme Solar, and Solen-
argi.

One of the notable features of the RUMS
plant is its innovative toriff structure. It
achieved a record-low tariff of 2287 per
kilowatt-hour (kwh) for the electricity
generated, making it one of Indias
cheapest solar power projects. This low
tariff was made possible through com-
petitive bidding and a 25-year power
purchase agreement with the Delhi Metro
Rail Corporation (DMRC), the Roilways
Energy Management Company Limited
(REMCL), and the Uttar Pradesh Power
Corporation Limited (UPPCL).

Key features™
Around 24% of the park's energy

production is supplied to the Delhi
Metro Rail Corporation, fulfiling a

substantial 660%™ of the daytime
alectricity demand of the Deihi Metro.
it was the first solar project in the
country to break the grid parity barrier

(which occurs when an alternative
energy source can generate power at
a levelized cost of electricity (LCOE)
that is less than or equal to the price
of power from the electricity grid).
This project will reduce carbon
emissions equivalent to approx. 15
lokh tons of CO, per year.

It was honoured with the Worid Bank
Group's Prasident Award.

The project's achievements were
acknowledged in the Prime Minister's
Book of Innovation in 2017.

Image 43: Pavagada Solar Park
(Sowrces Turnkur District websits)

The Pavagadao Solar Park, loccoted in the
Tumkur district of Karnataka, is the third
largest solar park in the world. Spread
over o vast area of gpproximately 13,000
acras, the park has a remarkoble
installed capocity of 2050 MW. It was
developed as a jeint venture between the
Karnataka Solar Power Development
Corporation Limited (KSPDCL) ond the
SEC

The park comprises numerous solar power
projects set up by different developers;
including prominent names like Adani
Green Energy, Tata Power, and Fortum. One
of the notable features of the Pavogada
Sclar Park is its strategic location in a
semi-arid region, which receives ample
sunshine throughout the year. Coupled with
the fact that the region has been declared
irought-hit by the Karnatoka Government
54 times in the past six decades, the geo-
graphical odvantage enables the park to
generate o substantial amount of solar
power, contributing significantly to Karma-
toka's renewable energy capacity



Key features

The park generates around 4.5 billion units of solar energy per
annum and thereby helps in abating CO, emissions to the tune
of 3.6 million tons annually.®

KSPDCL follows a "plug and play” model, where it procures and
develops land parcels specifically for solar power generation.
These blocks of land are equipped with all the necessary gov-
emment approvals and infrastructure and are then leased to
solar power developers (SPDs) through auction processes.”
Instead of traditional land acquisition or transfer, farmers were
allowed to lease out their land for 25-35 years. This model bern—
efitted farmers who had experienced low crop yields in recent
years due to inadequate rainfall. Farmers earn approximately
INR 21,000 per acre per year by participating in the land lease
model while retaining ownership of their land.™

Conclusion implermentation of the UMSPPs has attract-
ed domestic and international investments,
driving innovation ond cost reduction in

India's achievements in UMSPP ve bee i e
ndias achievements in UMSPPs have been solar power generation

remarkable and are important in the coun-
try's renewable energy landscaope. With its
vost solgr resources and ambitious torgets
under the NAPCC, India has demonstrated a
strong commitment to harnessing solar
power to meet its energy demands while
reducing its carbon footprint.

Locking ahead, Indias future plans in the
UMSPPs focus on further exponding solar
power capacity, improving efficiency, and
implementing advanced technologies.
These projects hove transformed Indias
energy londscape and nspired other
nations to embrace sclar power as a viable

2 proje Ve B ed India's renew- N ot o
The projects have expanded Indias W™ solution for their own energy needs.

able energy capacity and fostered economic
growth, job creation, and technology devel-
opment in the solar sector. The successful



2.5

INDIA’S NUCLEAR POWER
PROGRAM: FROM
SCIENCETO
SELF-RELIANCE

India’s nuclear power progrom has over the decodes knit together the worlds of indige-
nous scientific research, technology develepment, and reliable and safe public service
delivery. Initioted under the watch of stalwarts such as Dr. Homi Bhabha and Dr. Vikram
Sarabhai in the early years after India’s Independence, the sector's continued growth is
a motter of pride for the entire nation. Its achievements in recent years are providing it
a platform for an even bigger role in future of the Indian power sector, supporting the twin
national objectives of energy independence and Net Zero carbon emissions by 2070.

Indig’s installed nuclear capacity has increased from 4,780 MW in 2013-2014 to 7480
MegaWatt (MW) in December 2023. Annual electricity generation from nuclear power
plants has increased from 353TWh in 2013-14 to 46.9TWh in 2022-23%, reflecting avoid-
ed emissions of approximately 353 million tonnes of CO, equivalent into the environ-
ment over the past decade.

monly used nuclear fission fuel, is in low

A strong foundationin _ : _
supply in Indio. The country is almost

nuclear power research

India’s nuclear energy journey has been a
stellar example of indigenous capacity
building, over decades. An ambitious plan
for indigenously operating and develop-
ing nuclear plants for civilian purposes,
which would come to be known as the
Three-stage Nuclear Power Program, pro-
vided guidance for successive develop-
ments and increasing self-reliance, over
the decades. Uranium, the most com-

entirely impoert-dependent for uranium,
having imported 2000 Metric Tonnes
(MTU) of uranium in different forms from
Canado and Kozakhston in 2020-202195
However, India holds one of the world's
largest known thorium reserves™®, another
radicactive element that can be used as o
source of energy, found as naturally avail-
able mineral monazite in predominantly
coastol areas. The conversion of Thorium
into Uranium-233 is at the heart of our
three-stage nuclear power program.




The three-stage program has a closed fuel cycle policy. The spent nuclear fuel is not
discarded as waste instead it is processed and reused as fuel for reactors in the next stage
of the program.

STAGE ¥ Natural uranium-fuelled Pressurized Heavy Water Reactors (PHWR) and Light Water
Reactors (LWRs) would primarily produce electricity. The Plutoniurmn (PU8) and depleted Ura-

nium are cbtained as by-products.

STAGE 2: Fast Breeder Reactors (FBRs) utilise plutonium-based fusl, generate electricitv and
convert Thorium (Th®2) to fissile uranium (U?*). Breeder reactors produce more fuel than they
consume and this allows the generation of fuel for the next stage.

STAGE 3: Advancead nuclear power systems for utilization of Thorium which in itself is not a
fissile material, but the reaction would be based on a self-sustaining reaction of Thorium and
Uranium (U=s).

Sraga-wise Arliculation of India’s Three-stage Nuclear Program=

Technn|ngicu| achievements Reactors (LWRs). The involvement of Indian
. industry in the supply of equipment and exe-
in the nuclear ProOgheiT cution has also been an important area of
progress over the last decade.

India has had remarkable achievements. in

the entire spectrum of octivities reloted to
the nuclear power programme including
design, construction, operation, renovation,
modernization, and rapid expansion of
nuclear power. Indion scientists, engineers,
and industry have showcased their technical
skills, and the notion's regulatery capacity
has been demonstrated through the stan-
dards and reviews set by the Atomic Energy
Regulatory Board. This has been evident in
the development of both Pressurised Heavy
Water Reactors (PHWRs) and Light Water

PHWR capacity in the country has more than
doubled thanks to indigencus efforts. The
latest achievement is the successful com-
missioning and operation in 2023 of the
indigenously-designed PHWR Unit 4 of the
Kokropar Atomic Power Project (KAPP 4),
which is rated ot 700 MW. The preceding
units, namely KAPP 3 (700 MW) and KAPP 1&2
(220 Mw ), were already operational. KAPP 4

second in a series of 16 indigenously
esigned PHWRs that are being set up in the
ountry=-.

i I e T

Image 44: Kakrapar Nuclear Power Plant (Source DAE inputs)



The present installed capacity of 7,480 MW
is expected to increase to 21980 MW by
203132, which includes the 500 MW Proto-
type Fost Breeder Reactor (PFBR) under
commissioning ot Kalpakkam, in Tamil Nadu
as a part of Stage 2 of the Nuclear Power
Frogram. The Fast Breeder Test Reactor
(FBTR) commissioned in 1985 at Kalpakkam,

Ad B
) H7

provided the experience required to devel-
op the PFBR. An extensive manufocturing
technology development program has sup-
ported the enhancement of industrial
capability for manufacturing components
required for such reactors and all compao-
nents of the PFER have been manufactured

Image 45: Prototype Fast Breeder Reactor (PFBR) of BHAVINI (Source DAE inputs)

An important demonstration of domestic
nuclear technological prowess is that the
current fleet of Nuclear Power Plants has
demonstrated some outstanding perfor-
mance with continuous operation of 962
days by Kaigo- | unit, setting a world record
for continuous operation of nuclear power
reactors. In addition, soma of our PHWRs
hove operated continuously 43 times over a
pericd of one year, which includes more
than 700 days of continuous operation an
five occasions™.

The safety of nuclear power is o paramount
consideration, and Indian nuclear power
plants operate under stringent stondards
set by the National Atomic Energy Board. An
admirable achievement s that the safety
record of Indian nuclear power plants has
been impeccable so far, with no-accident or
instance of release of radioactivity beyond
stipulated limits in over 53 years of nuclear
power plant operation.

With Stage 3 of the nuclear program in the
offing, the Department of Atomic Energy
through its research centres such as the
Bhabha Atomic Research Center is design-
ing advanced reactors, ond researching
technologies for thorium utilization. India
has had engineering scale expertise on the
thorium fuel eycle and is working on indus-
trial and commercial scale thorium utiliza-
tion™. India is pursuing R&D on multiple
avenues for lorge-scale thorium utilization
through the development of reactors™
such as Advanced Heavy Water Reactors
(AHWR), High-Temperature Reactors (HTR)
and Molten Sait Breeder Reactors (MSBR)
as well as relevant technologies associat-
ed with these systems.

indigenous copability development for
nuclear power has alsc been developed
during the last several decodes. Specialised
R&D capabilities, specialised infrastructure
to produce fuel, heavy water, reactor control,
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instrumentation, and technologies among
others have been deveioped within the
country. Indian industry is also an impertont
stakeholder in the nuclear power story of the
nation, with increasing involvement in con-
structing newer generations of reactors.
indian industry has also won contracts for
civillon construction in a Bangladesh proj-
ect™,

With the Indo-US Nuclear Deal ond the
Nuclear Supplier Group waiver for India in
2008, avenues for exploration of new oppor-
tunities for the entire three-stage program
have opened up. India has agreements with
nations such as the Russian Federation,
France and the United Stotes, and is also
providing support to Bangladesh for a
nuclear power plant.

Conclusion

The story of India’s nuciear program has
been one of perseverance, scieniific exper-
tise, and commitment to making the nation
energy independent through Aatmanir-
bharta or self-reliance®™:.

India’s path to nuclear energy self-reliance
has arguably travelled the less-trodden
path by focusing on thorium as fuel, rather
than relying only on imported uranium. The
copabilities thot India has built in nuclear
power, technical, infrastructurally, as well as
in capacity are the foundation to an energy
secure naticn, and a contribution to other
industriol and R&D sectors.
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Curiosity and the impulse to explore are hallmarks of human behaviour.: Through discovery
and exploration, we learn more about the environment around us, and more about us as

well,

Some of the greatest global technological
advances have bean the product of axplor-
atory or fundamental research, where the
queast to learn more agbout the world around
us has resulted in surprising inventions and
technologies. Very often the outceme of the
research was not known at the time. History
has many examples of this. Einstein's Theory
of Relativity, even before it had baen proved,
had opplications in the functioning of GPS,
technology that we take for granted today.

What do high-speed internet and guantum
physics have in comman? Lasers. Lasers,
when first developed by Theodore 8. Maiman,
based on work done by Max Planck and loter
expanded by Albert Einstein, were described
as a “solution without a problem’'= Today,
losers are a foundational technology in
almost every field of technolegy and science
from biotechnology, telecommuniections,
and space, among many others.

Another example is polymerase chain reac-
tion (PCR) tests. These came into the public
eye and vocabulary during the pandemic,
as the gold stondard for COVID-19 diagno-
sis, and would not have been a reality, if
researchers had not asked a fundamental
research guestion: how do bacteria in hot
springs replicate themselves? Essentially,
an enzyme, Tag polymerase found in these
bactena, allowed the development of the
PCR.

The seeming disconnect between the
scientific guestion and itz application to
everyday life today is apparent, but this is
how scientific research functions.

Advancements in fundamental sciences lay
the foundation for the deveiopment of new
technologies and treatments, many of
which were not known or even dreamt of at
the time. Advances in one field expand into
other fieids in unexpectad and cften hugely
impaoctful ways. Losers, an invention from
quontum mechanics, found use less than a
yvear later in medicine when the first loser
was used to destroy a tumour in the eye of a
patient™ An obvious endpoint or result Is
not necessary for scientific ressarch and
curiosity,

india has consistently invested in and
funded basic research across many fields of
science. The Large Hadron Collider (LHC),
square Kilometre Array (SQA), and the Inter-
national Thermonuclear Experimental Reac-
tor (ITER), among many others, are just
some examples of expleratory reseorch,
where India is octively paorticipating. In this
section, we discuss two recent investments
in exploratery research that seek to explore
the depth of the oceans and the universe
itself, the Deep Ocean Mission and the newly
announced LIGO.




3.1
DEEP OCEAN MISSION

Image 46: Deep Ocean Mission (Scurce Office of the P54)

£° FactswEET

Year of Union 2021

Cabinet Approval

Nodal Agency Ministry of Earth Sciences
Financial Duﬂq? IMR 4,077 crores over five year pericd

+  lounch of first monned Ocean Mission
Key Achievements of India, Samudrayaan in 2022
« Indigenously designing, developing
and testing of deep sea miner,
manned submarine, and Deep water
Autonomous Underwatar Vehicle AUV
and various technologies required for
deep seo exploration

Kev Outputs * Better understanding of marine
Y P biodiversity
»  |dentification and delineation of
mineral zones in delineated seabeds




47. Self-propelled Miner with pick up device and deployment view in NIOT-MoEs ship ORV
Sagar Nidhi (Source: Ministry of Earth Science inputs)

WHY DEEP OCEAN MISSION?
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The oceans are responsible for modulating and sustaining life on planet Earth. They are
earth’'s largest ecosystems and help in sustaining life by absorbing about 1/4™ of global
carbon dioxide emissions and providing employment to small-scale fisheries, among many
other benefits.”’ With glcbal warming and plastic pollution, the ocean ecosystem is in
danger. In addition, little is known about the daep seafloor and its habitats, and their role in
sustaining life on earth. Exploration of the deep sea can help in building systems thot can
sustainably harvest the oceans for their energy, mineral rescurces, bicdiversity, aond climate
forecasting without harming its ecosystem, exploration of deep sea is required. The remote-
ness of the deep sea makes it difficult for scientists to occess ond observe it. Therefore, new
technologies have to be developed in order to study the ecosystem of the deep sea

These new technologies will help in under-
standing marine biodiversity as well as
identification and delineation of mineral
zones in delineated seabeds. Advancing in
deep-sea research will involve werking
together with other countries as well as
international agencies. Under the Deep
Ocean Mission, India aims to establish the
infrastructure required for Advanced Marine
Station for Oceaon Biclogy and collaboration
with national and international marine
research institutes by 2024. Developing and
deploying new technologies will help India in
understanding the climate change impact
in an accessible manner, Le, through o
GiS-based interactive tool on inundation
maps and shoreline changes for various
climote scenarios. On a national scale, it will
help Indio to develop strategies for the pro-
tection of coastal areas for various climate

change scenarios. For further research
and/or commercial use, Indic aims to
establish o deep-sea microbial repository
by 2025.

Targets

The Deep Ocean Mission was introduced in
2021 and has goais for the next five years’
harizen which include:

+ Supporting indigenous organisations
with infrastructure and equipment
required for research and development,

+ Enabling development and deployment
of technologies for conducting deep
s@q research,

« Assimilating and analysing information
obtained from the research to outputs
usable to citizen and the nation.

s
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Indian research organisations including the
National Institute of Ocean Technology and
YSCC ot ISRC support the mission. In addition,
the aequisition of a new multi-disciplinary
oceanographic research vessel is underway.
lts concept, functional design, and technical
specifications are completed and bidders
are being identified. The new research vassel
will serve as o plotforrn for undertaking
oceanographic research in the deep ocean
in line with other countries. At the present
stage, the mission is focused on developing
technologies required to enable deep-sea
exploration. These include:

« Development and deployment of:

- Mining system capable of operating
in water depths up to 6,000 m to mine
polymetallic nedules from the deep
ocean

- Deep Sea Miner, a self-propelled
mining system, for Polymetallic Man-

ganese Module collection ond local
pumping

- 5,000 m depth-rated manned sub-
rmersible

- Shaliow water parsonnel sphere

- Deepwater Autonomous Underwater
vehicle AUV (Ocean Mineral Explorar
- 6000 (OMe 6000)) to explore deep
seq mineral resources ot polymetallic
maonganese nodule, hydrothermal
sulphides, gas hydrates, etc.

- Hydrostatic sample transfer system

Sea trials of shallow water manned sub-

mersible by 2024

Deep sea qualification of Manned sub-

mersible (MATSYA 6000) by 2026.

Construction and delivery of new

multi-disciplinary Research Vessel by

2026

Pumping system sea trials for deep sea

mining in 2024 and deep-sea mining

machine by 2026,

Image 48: AUV - OMe 6000 launching view from the ship Sagar Nidhi at Central indian Ocean Basin

(Source: Ministry of Earth Science inpuis)




Key achievements

« To explore the deep ocean basins,
MNational Institute of Ocean Technology
hos designed a 5000 m depth rated
manned submersible capable of carry-
ing three persons.

+ The first Manned Ocean Mission
"Samudrayaan” was launched on 307
Dctobear, 2021 at Chennal. With the lounch
of the unigue ocean mission Somudrayaan
in Cctober 2021, India joined the elite club
of nations such as the US, Russig, Japan,
France, and China to have niche technol-
ogy and vehicles to carry eut subsea
activities,"

» The Notional institute of Ocean Technolo-
gy has successfully tested its mining
system for polymetallic nodules at a
depth of 5270 m at the designoted con-
tracted area with the International
Seabed Authority.

+  PMNsub-systems and components have
been sized and optimised for weight and
power and tested in loboratory condi-
tions before the plonned tests at
seaDeep water Autonomous Underwater
Vehicle AUV (Ocean Mineral Explorer -
6000 (OMe 6000)) fitted with necessary

scientific payloods for deep ocean
scientific research was successfully
launched ond recovered in the high seas
safely to explore deep sea mineral
resources site at pelymetallic manga-
nese nodule, hydrothermal sulphides,
gas hydrates, etc apart from another
search/engineering operations in deep
sea with the defined path.

Conclusion

The new technologies being developed and
planned for the near future by India will help
in understonding marine biodiversity as well
as the identification and delineation of min-
eral zones in delineated seabeds. Advancing
in deep-sea research will involve werking
together with other countries as well as
international agencies. Therefore, India aims
to establish the infrastructure required for
Advanced Marine Station for Ocean Biology
and collaberation with national and interna-
tional marine research institutes by 2024,

In addition, for further research and/or com-
mercial use, India will establish a deep-sea
rmierobial repository by 2025.

Iz



3.2

LASERINTERFEROMETER
GRAVITATIONAL -
WAVE OBSERVATORY

Humans have olways explored. First, it was the seas and land, then the air, and then space.
Now we are exploring the expanse of the universe tc answer guestions about the birth of the
cosmos. Humankind's thirst for knowledge has been the cornerstone of our cdvancement as
O species.

From this thirst for knowledge to understand
the universe, the last half century has seen
the birth of an entirely new field of universe
exploration: Gravitational wave astronomy
which relies on "hearing” the universe rather
than “seeing” it, as traditional astronomy
has. Traditional astronomy relied on using
light or other waves such as X-rays to see
the wuniverse. Gravitational waves are
ripples in spoce-time that ore coused by
accelerations or collisions of large masses
in the universe.

Einstein's Theory of General Relativity, in 19186,
had postuloted that cccelerating maossive
bodies will preduce gravitational waves, or
vibrations in the fabric ef spacetime. Howev-
ar, it took 100 years, and several generations
of technology to prove this theory by being
able to detect gravitational waves.

On 14" September 2016, the LIGO Scientific
Collaboration in the US and Virgo Coliabora-
tion in Eurcpe announced the first confirmed
observation of gravitational waves from
colliding black holes.

This discovery not only validates Einstein's
Theory of General Relativity but opens up
immense possibilities for us to understand
the nature of the universe aground us

Currently, there are 4 UGO Interferometers in
the world, two in the United Stotes and one in
Europe that are operagtional and within
detection range for gravitational waves, and
a fourth one in Japan which is underway, A
minimum of 4 comparable and operational
detectors is required to allow us to detect
gravitational waves anywhere from the sky.™

India is the fifth LIGO dsetector and a crucial one® LIGO Indig, which is o collaboration
between the National Science Foundation (NSF) in the US and the DAE and the DST in Indig,
will catapult the country into an elite group of nations with capabilities in this sector.
LGOIndia is a collaboration between the LIGO Laboratory—operated by Caitech and MIT and

funded by the NSF—and India's Raja Ramanna Center for Advanced Technology (RRCAT),
Institute for Plasma Research (IPR), Inter-University Centre for Astronomy and Astrophysics
(lucaa), and the Department of Atomic Energy Directorate of Construction Services and
Estate Management (DCSEM).




Imaoge 48: Conceptual aerial view of LIGO India
(Source: Bepartment af Science and Technology irmuts}

LIGO Indio received approval from the Union
Cabinet In February 2016, shortly after the
first discovery of gravitational waves was
announced. The gravitotional wave LGO
detector is an L-shaped instrument with
each arm being 4 kilometres long. Prepaora-
tory work on capacity building, technology
development, and component prototyping
for Gravitotional Wave Detectors hos been
carried out and the site for the detector has
been announced as Hingoli district in Maha-
rashtra, approximately 450 km o from
Murmbai.

Full approval of the Union Cabinet for LIGO
India was given in April 2023, at an estimat-
ed cost of INR 2,600 crores. The detector is
expected to be operational by 2030.

What's in it for the common
man: Pushing frontiers

While the entrance of India info this field is a
major achievement for fundamental
research in the country, its application and
impact on the everyday lives of people is
perhaps harder to understand. What LIGO
reprasents or will give the world, apart from

the knowledge of the universe that we are
part of, will be seen in decades to come.

However, the mere act of operationalising
LIGO India, in colloboration with industry
partners in the country, will push the bound-
aries of research capaobilities that we have
in the country today. Large frontier research
projects: propel technology development
and capacity building. There will be
cross-thematic benefits to India's astro-
physics research, high-end technological
development, and human resource devel-
apment in the country.

Capaocity building in cutting-edge science
and engineering will mean that stu-
dents/researchers will have the benefit of
working on this frontier of science in India
itself

LIGO relies on guantum metrology which is
an important domain of expertise for preci-
sion measurements in the future.

The lasers and optics to be used in the LGO
are at the cutting edge of technology today
and this expertise will benefit indigenous
copacity

iFj
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LIGO's vacuum system is one of the largest in the world and creating this capability in
Indian industries will benefit other activities in accelerator development and space tech-
nology. The capacity and capability built up by Indian industries for the fabrication of large
vibration-isclated, temperature-stabilised clean-rooms for the project would benefit
future projects that require similar facilities for contamination controls, such as semicon-
ductor fabrication, biotechnology, etc.

Image 50: Vacuum chambers for the 10 m arm length prototype at RRCAT
(Source: Department of Science and Technology input)

The LIGO control system is one of the most
complex systems ever built and uses Al for
automated interferometer alignment. This
expertise would benefit other chollenging
projects that require multi-input, multi-out-
put control systems with machine learning.

India’s strength as a scientific and techno—
logical hub will be cemented with LIGO India
and the benefits to the nation will be reaped
in the years to come.

India’s contribution to international scientific
efforts i3 an extension of our national belief
of “Vasudhaiva Kutumbakam”, or the world

is one family. India has been a major con-
tributor to the Large Hodron Collider ot CERN
and the International Thermaonuciear Experi-
mental Reactor (ITER) among others

The benefits of investing in basic ond foun-
dational research may not change the
course of our lives today. Howevar, it will set
the stage and trajectory for the advance-
ment of our future generations as a lasting
legacy. Investing today in knowledge for
knowledge's sake may be the only way we
conquer the challenges that are too big for
us to solve right now.
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A central responsibility of any government towards its citizens is public service delivery.
Public service delivery is the service that governments provide their citizens, either through
direct delivery or by paying for it, and includes services such as education, healthcare, waste

disposal,
athers

S&T play an increasingly important role in
this space. Technological innovations and
advancements are key to the improved
coverage and efficiency of these services, to
ensure that no one is left behind.

India has witnessed the gome-changing
improvernents that the UPl has brought to
the daily lives of millions in the country.
Advances in logistics planning and waste
management are also changing the lond-

ocial services, and infrastructure such as roads and communications, among

scape of evaryday life in the country, These
three efforts are discussed in the following
sections.

In the eommunicatiens field, technoclogies
related to 4G, 56, and the National Broad-
band Mission are driving progress for the
nation, by taking forward the country's
capabilities as well as ensuring equitable
access to all
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RN India Stack: Digital
Public Infrastructure
of the 21st Century

Approximately 245 lakh™' digital payments, amounting to almost INR 501 crores will be mode
across India bafore you finish reading this section. In the last few years, India’s digitalisation
journey has been steered by the India Stack, which is a set of cpen Applicaticn Programming
interfaces (APIs) DPGs that aim to unlock the economic primitives of identity, data, and pay-
ments at a population scale. Its scale of adoption in India over the lost decade has been
extremely rapid,* ond it has helped promote the national priorities of financial and social
inclusion™ to enable India to fully emibrace the Internet age.

The Digital India campaign is.an al-encom-
passing ond transformative progrom. It
seeks to deliver cost-effective and domesti-
cally-developed digital technology, ensuring
inclusivity, bridging the digital divide, and
fostering digital inclusion.

Inclia Stack consists of three layers:*

Identity layer gives each citizen o
unique 1D through Aadhoar, eKYC, and
esign.

Payments layer makes payments
between citizens easier through UP|
Direct Benefit Transfer (DBT) through the
Aadhoar Enabled Payments System
(AEPS) a@nd the Acdhaar payments
bridge.

Digital empowerment layer provides
data protection for citizens through ser-
vices such as Digilocker, Account Aggre-
gator and BigiYatra.

Identity Layer
Giving every resident a unigue id and enobling
them to prove “i am wha | claim to be”

Payments Layer
Allowing anyone to pay anyane elsel

Interoperable, fost and cheap - not just
smartphones

Data Empowerment

To enable secure sharing of doto

Image 5k Foundations of Indla Stack (Source Forbes (2023) How OCEN 5 Democratizing Craciit

Acceass In india)



DPI alse consists of open services such as
Open Network for Digital Comrnerce
(ONDC), CoWin, Ayushman Bharat Heaith
Account (ABHA) , and Svamitva Yojana
OMDC is o DPI-enabled online marketplace;
Cowin and Ayushmon Bharat Health
Account provide digitally-accessible health
services; and Svamitvo Yojana provides
digital land records.

India Stack’s transformative role in empow-
ering citizens con be seen most clearly
through the following coses.

The lives of rural Indian citizens, 64% of the
country's population, hove been trans-
formed by India Stack in several ways.'*

« With Aadhoar and eKYC, the identity
layer provides a unigue 1D that enables
accaess o various government services
and entitlements seamlessly.

+ The benefits from welfare schemes are
received directly through the DBT system,
making the process more efficient and
reducing leakage. DBT is based on the
AEPS, joining the payments and the iden-
tity loyers. This enables convenient and
secure transactions, elimincting ihe
need for cash and reducing the risks
associated with carrying money over
long distances. Convenient digital pay-
ments for goods, services, agricultural
produce, etc, fosters financial inclusion
and empowearment.

« At the sgme time, data storage services,
like DigiLocker, enable the security of
important documents and certificates,
especially helpful in accessing land
records, educational certificates,

Indias DPI provides convenience and
efficiency in the everyday life of an urban
professional citizen.

Aadhar and eSign's identity layer stream-
lines authentication processes, making it
easier to avall online services like e-filing
taxes, getting o passport, driving licence,
and signing documents. This saves time
and reduces the need for physical visits to
government offices. DigiYatra makes trav-
glling pan-india through airports eagsier.
Similarly, the payments layer makes daily
financial transacticns gquick and sscure
through UPI and AEPS. As internet-based
payment systerns become the norm,
seamless integroticn of payment. streams
reduces the hassle of manoging multiple
payment platforms.

The digital empowerment layer of Digilock-
ar and Account Aggregotor enables easy
access to important personol dota and
financial information. This makes storing
and managing documents, financial datag,
and investment details secure and focili-
totes better financial planning and deci-
sion-making.

Even as the digital payments layer has been
hugely successful in both its implementation
and toke up, there are plenty of challenges
faced by UP), which require constantly evolv-
ing strategies to overcome. These include
strengthening cybersecurity, enhancing tech-
nology infrostructure, conducting user aware-
ness campaigns, and engaging with stake-
holders: Collaboration with banks and tech-
nology partners is cruciol for scolability. The
Innovation and Technology Foundation ot IT
Bhiloi has partnered with NPCI to identify
problem staterments and seek solutions from
resaarchers and innovators. Some challeng-
es include detecting fraudulent transactions,
enhancing QR-based payments security,
and developing an open-source payment
confirmation system for diverse user groups.

Dad BSYCD
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The recently introduced ONDC has the
potential to open up new opportunities for
srmall businesses that do not have access to
large aggregaotion and online delivery plat-
forms. ONDC could allow such businesses to
participate in government-enabled online
rmarketplaces. This could provide businesses
exposure ond access to an online customer
base that is critical for growth and sustain-
ability:

Cowin has revolutionised Indio’s access to
heolthtech for the average citizen. It was
critical in India’s journey to weather the
COVID-19 pandemic. The Ayushman Bharat
Health Account (Health ID) not only creates
secure digital health records for citizens but
also focilitates easy communication with
participating healthcare providers, This
enables citizens to quickly and conveniently
access digital test results, prescriptions, and
diagnoses from licensed medical procti-
tioners and healthcare providers.

Svamitva Yojana, run by the Ministry of Pan-
chayati Raj, utilises drones and Geographic
Information System technologies to provide
digital land and population records. This

reduces land-related disputes, enables land
monetisation, and empowers the average
citizen through the availability of land-relat-
ed information.

Unified Payments Interface

Perhaps the most popular example of digital
public infrastructure is the Unified Payments
Interface (UPl) ond the applications that
have been developed.

The Bharat Interface for Money (BHIM) App
was launched in December 2016 aos o mobile
payrment opplication based on UPL It show-
cased the potential of UPI and was placed
as a simple and eosy-to-use app allowing
users to make digital payments through
their smartphones. The vision for a cash-in-
dependent india was fostered by NPC| along
with RBI, which rallied banks and non-banks,
followed by major players like PhonePe,
Google Pay and Paytm joining UPI as Third
Party App Providers (TPAPs). To promote
acceptance of digital poyments among
merchants, the government subsidised P2M
transactions for acquiring banks.
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Figure 8: Growth of UPI (Source: Department of Financial Services inputs)



With the larger goal of boosting financial
inclusion, UPl ‘haos witnessed certain
enhancements over time to increase its
user accessibility and convenience. Some
recent enhoncements include an Al
voice-enabled payment feature, linkage of
RuPay Credit Card, and voucher manage-
ment system to provide direct benefits of
speacific government schemeas and ofiline
UPI payrmenis through UPI Lite X.

Many efforts are being made to take the UPI
revolution obroad, and countries such as
Singopore and the UAE have started to con-
nect some paymenis to it

More than 75% of the retail electronic pay-
ment transactions in India are through UPL
The platform currently has 300 million users,
along with 50 million merchants and 500
participating banks.

UPr's transformative impact goes beyond
the scope of digitising payments. It contin-
ues to champion and facilitaote financial
inclusion by reaching out to the unbanked
and underbanked, fostering economic
engagement in rural areas, and promoting
financial literacy.

Conclusion

india's DPI has leveraged home-grown
technological advancements to transform
the lives of citizens, irrespective of thair
socio—economic bockgrounds. The different
compenents of India Stack provide conve-
nience, efficiency, and empowerment and
have truly democratised access to digital
technology in india.

)
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4G INDIA —
CATCHINGUP,
POISED FOR A LEAD

Mobile telephony has seen rapid advances over the last few years, with most of us now able
to stream videos, audio, and live meeatings right to ocur hand-held devices while on the go,
something which was science fiction till barely o decade ond a haolf ago. The advances have
been an ocutput of technological innovation, business investments, advancemenis in digital
user interfocas, and eager consurner adoption.

As this mobile telecommunications revolution picked up, India lost out in the race to domes-
tically manufacture the eguipment. Both handsets and mobile tower eqguipment were
imported for decades, leading to a situction where India's electronics eguipment import
was almost equalling our oil impaorts,*® adding to trade deficits.

: Core Network . Radio Access Network y Device |
d'_"'h.,,_.‘
_ Air Interface
= ___-"ﬁ"-'-'.'*'-f‘:f"-"-'-'?':-..;_-l—-_-_-- .
—
Internet i
Co 1 -
Core Network | Transport IT EF;h“ o Antenna ::;::mr“v Spectrum Dovice

Image 52: How mobile phone calls go from the handset to the cell tower (Radio access nodes), then
backhaul through satellite or optical fibre cables, then again to the RAN and then to the handset
(Source: What is Backhaul? Wired vs Wireless, Fiber vs Ethemet - Dgtl Infra)

Given the criticality of this sector to aoll anoption. In recent years, efforts were made
aspects of the modern econamy, citizens’ by the Dol, the MeltY, and the OPSA io
daily lives, and national security, staying remedy the situation, and have started
dependent on imported products was not  bearing fruit.




Leveraging one of the largest telecom mar-
kets in the world, and some of the strongest
IT companies in the world, the government
seeded efforts to create a domestic Radio
Access Network system. The government’s
Center for Development of Telematics
(C-DOT), Tota Consultancy Services (TCS)
and Tejas Metworks Ltd. came together to
develop a domestic 4G/5G network includ-
ing both RAN and Cora RAN. This system was
expeditiously tested™ by BSNL with users in
Indian locations, and after effective trials,
orders were placed for domestic manufac-
turing.®® Interestingly, these developments

in telecom infrostructure egquipment manu-
facturing closely mirror India’s growth in the
handset manufacturing sector,** which has
bean one of the success stories in produc-
tion and axport of goods in recent years.

This. push to domestic capability develop-
ment will not only help India gain self-reli-
ance in this critical sector but also develop
Indian companias that can compete in the
competitive but critical market of telecom
equipment around the world.
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4.2.2

INDIA'S 5G JOURNEY

5G or the fifth generation of wireless cellular technology delivers high data speed with
ultra-low lotency in a refiable manner. [t has massive network capacity and the potential to
provide a mare uniform user experience to a larger number of users. Therefore, it will be a
key driver for technological, social, and eccnomic development by increasing the commu-

nication capacity of the nation.

Having missed the opportunity to toke
leadership in previous iterations of telecom
equipment standards, India has emerged
as a frontrunner in this generation - our 5G
Jjourney showcases remarkable achieve-
meants in digital transformation and ulti-
mately, the national pricrity of self-reliance.
The quick development and deployment of
technologies for 5G in a phased manner
are helping empower both consumers and
businesses.

India’s 5G excellence

India's pursuit of 5G excellence began with
its pioneering rale in ensuring the inclusion
of the Low-Mobility Large-Cell (LMLC) rural
use case in the global 5G stondards by the

NETWORK DIAGRAM=—
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International  Telecommunication  Union
(ITU), ensuring comprehensive coverage of
5G even in remote areas. Additionally,
another global ITU standard 5Gi, a radio
interfoce technology developed by India
was adopted globally in 2020, adding to its
position as a growing innavation hub and a
leader in developing standards that enable
accessibility of 5G technology’® Indias
groundbreaking R&D efforts include the
development of a 5G testbed, liberalising
the spectrum for open experimentation, and
the establishment of the 5G Inter-ministerial
committee, all aimed at fostering sec-
tor-specific 5G use caoses. Table 8 below
shows various research and copability
related outputs of India in the 5G dgomain.
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Table 8: Key outputs in 5G R&D in India

Outputs

Indigenous 5G Test Bed

Conducting 5G Trials

Expression of Interest for
Vertical Engogement and
Partnership Pragram (VEPP)

Guidelines for Captive Non-
Public Networks (CNPN)
licences

Spectrum Auction

Ltaunch of BG Services

Indigenous 5G NSA Caore

Developmeant

Patents Filed

Publications

Training and Capacity
Buliding

Description

Establishment of a comprehensive test
bed in India for research and testing of 5G
networks and applications.

Collaborative trigls in rural, semi-uriban,
and urban areas o explore the potential
of 5G technology.

Initiative facilitating collaboration between
user verticals and 5G stakeholders for
innovaotive use cases and partnerships.

Fromework for secure, low-latency, and
high-throughput communication in
developing industries.

Auction of spectrum for IMT/5G services,
enabling acquisition by telecomn service
providers.

Unveiling of 5G sefvices in Indig, showcasing

use coses in education, health, worker safety,

smart agriculture, etc.

Development and launch of an
indigenous 5G NSA Core by C-DaT,
strengthening India’s 5G infrastructure.

Over 75 patents filed in 5G and beyond
technologies, including Standard Essential
Patents (SEPs).

Research publications, popers, and
articles contributing to the advancement
of 5G technology.

Training programs for engineers, scholars,
and students lo enhonce expertise and
skills in 5G technalogy.




India's 5G journey has withessed the devel-
opment of robust capabilities such as the
oG indigenous testbed, which, aligned with
global standards, has provided a platiorm
for rasearch teams to explore novel cen-
cepts and ideas. IIT Xanpur developed the
oneM2M, which are globally accepted
standards which ensure interoperability
and compatibility, focilitating o seamless
integration into the global ecosystem. For
developing further industrial and research
capacity, guidelines for CNPN have baen
established.

The spectrum auction and the subseguent
launch of 5G services by the Hon'ble PM
demonstrated the role of India's: vibrant
private manufacturing and services sector
to deliver cutting-edge technologies to the
consumer. This milestone unlocks huge pos-
sibilities for India concerning high-tech
technology and paves the way to bring
transformation in crucial arecs including
agriculture, health, education, transport,
logistics, smart cities, and financial inclusion,
efc.

The ochieverments of India's 5G journey will
have a profound impact on its citizens.

Improved access to maobile technology and
internet connectivity, through a reduction in
the cost of devices, data, and broadband
sarvices, have made communication more
affordable for citizens. With enhanced mobile
services and wadvanced Internet-bosed
applications, citizens enjoy seamless video
streaming, sociol medio engagement, and
access to a plethora of mobile applications.
The deployment of 5G networks in India will
benefit critical infrastructure security, enable
predictive maintenance, facilitate low-delay
vehicle-to-vehicle communication, and
boost low-cost digital connaectivity.

Image 54: Mntia.nﬂ'l Telecommunications
Institute for Policy Research, Innovation and
Training, Ghaziabad - the training arm of the
Department of Telecommunications

(Source NTIPRIT website)

India's 5G initiatives align with the national
priority of the vision for digital communica-
tion, early ond efficient deployment of 56
networks, building industrial and R&D
copacity, expanding the manufacturing
base, and promoting self-reliance through
the Actmanirbhar Bharat initiative.

Meore importantly, digital connectivity is
driven by expanding broodband users and
internet access in rural areas, fostering digi-
tal occess to enable inclusion within the
gver-growing market economy, along with
providing better access to government
services for those who need it most The
downstream impact of the development of
this technolegy will have a wide array of use
coses such as the digital transformation of
the health, finonce, Ugﬂt:ulture, and educa-
tion sector, ond many more that have not
aven been imagined yet.
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4.2.3

NATIONAL BROADBAND
MISSION

Year of Union 2018
Cabinet Approval

Nodal Agency Ministry of Communications

Financial DUtIU‘y‘ INR 7,00,000 crores over a four year period”®

1,77 550 Gram Panchayats made service
ready under BharatMet till June 2022,

» 10 Lakh Route KMs of Optical Fiber Cable
mapped on PM Gatl Shaktl Natienal
Master Plan (NMP) Portal.

Key Achievements

KE}‘ 'D‘LIIIpLItS « 7.23 Lakh towers installed by June 2022
+  3511% of Telecom Towers/Base
Transceiver Stations fiberized

The National Broadband Mission (NBM) bridges the digital divide aond aims to provide
equitable occess to brocadband services across India. With the vision of achieving
‘Broadband for All” the mission focuses on comprehensive measures to ensure uni-
varsal connectivity and create a robust digital infrastructure. To achieve its goals, the
NBM outlines several key objectives. Firstly, it strives for universal and equitable cccess
to broodband services, particularly in rural ond remote areas. By leveraging technol-
ogies such os optical fibre, radio netwoerks, and satellite, the mission gims to provide
last-mile connectivity to all villages, alongside policy and regulatory changes o
accelerate digital infrastructure expansion.

The NEM emphasises the importance of  mission's implementation resources. The
collaboration and investments from vari-  mission also encourages the adoption of
ous stakeholders™ [t aims to work closely  innovative technologies, promoting domes-
with ministries, departments, agencies, tic industry participation and advance-
and the Ministry of Finance to secure the  ments in the broadband sector.




Mereover, it focuses on developing effective
implementation models for Right of Way
(RoW) approvals and enccurages states
and union territories to establish consistent
policies.™

NBM focuses on providing broadband
access to all villages, enhancing broadband
speads, expanding the optical fibre network
for increased fiberization, improving tower
density, focilitating the rollout of 5G networks,
ond developing o Broodbond Readiness
Index (BRI) to measure infrastructure avail-
ability. The successful implementation of the
NBM will propel India into the next phase of
the digital revolution, fostering inclusive par-
ticipation, empowering citizens, promoting
economic development, and creating a truly
connected and digitally empowerad society.
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The mission aims to ensure affordable and
universal occess to broadband, bridging the
digital divide and fostering digital inclusion
across the country.

Governance

The mission will be governed by a Governing
Council for Broadbaond, to be heoded by the
Minister of Communications and consisting
of the members as given below. Its functions
will be to provide overall guidance, policy
direction, and review the progress of mission
activities. It has the authority to decide on the
formation of sub-missions in high-priority
areas os required and convenes biannually
to ensure effective coordination and facili-
tate the comprehensive development of the
rmission.

Table 9: Outcomes and achievements

Outputs

EBroodband Connectivity to
Villoges

Availability of Broadband
Speeds (Mbps)

Fiberization (Lakh Kms)
Cumulative

Towers (in Lakbs) Cumulative

Fiberization of Telecom
Towers (%) Cumulative

Mapping of Fiber

Wi-Fi Hotspots

Description

1,77,550 Gram Panchayats made service ready
under Bharathet till June 2023, Scope extendead
toall villages.

Average download & upload speeds for
mobile broadband across Indio available
on TRAI MySpeed App. Target 50 Mbps by
2024-25

Optical Fiber Cable (OFC) laid: 34.62 Lakh Km
as of June 2022, Target: 50 Lakh Km by
2024-35,

Towers instolled: V.23 Lakh as of June
2022 Target: 15 Lakh by 2024-25.

Telecom Tc:werszTSs fiberized: 35.11% as
of June 2022 Target: 70% by 2024-25;

10 Lakh Route KiMs of OFC mapped on PM Gati
Shakti NMP Portal.

Out of 104,283 installed, 53,600 Wi-Fi hotspots
are currently active. BharatMet Phase-| funded
by Universal Service Obligation Fund.

Source: Press nformation Bureou fi’ﬂé?}. Progress of Nationol Broadband Mission (2022)



Conclusion

The NMB plays a crucial role in bridging the
digital divide and supporting the natiocnal
priorities of Digital India. By providing citizens
with access to digital services, the mission
empowers them to actively participate in
e-governonce, engoge in onling transac-
tions, and access valuable information and
resources. This initiative fosters inclusive

economic development, enhances liveli-
hoods, and promotes digital literacy and
awareness among citizens. With a focus on
coordination between central and state
governments, industry stakehoiders, and
civil society organisations, the mission aims
to ensure equitable and universal access to
broadband services, contributing to the
sustainable growth of the country and pro-
viding citizens with enhanced opportunities
fora better quality of life.
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PM GATISHAKTI
NATIONAL MASTER
PLAN

£ FAcTsMEET

Year of Union

]|
Cabinet Approval e
Nodal Agencies = Ministry of Railways
= Ministry of Road, Transport & Highways
= Ministry of Ports, Shipping and Waterways
= Ministry of Civil Aviation
= Ministry of Petroleum & Matural Gas
= Ministry of Power
«  Deportment of Telecommunications
= Ministry of Coal
= Ministry of Mines
«  Deportment of Chemicals &
Petro-Chemicaols
= Deportment of Fertilizers
= Ministry of Steel
=  Deportment of Expenditure
= Deportment for Food and PDS
= Ministry of Agriculture and Farmer Welfare
= Ministry of Fisheries, Animal Husbandry &
Dairying
= Ministry of Tourisrm
= Ministry of Commerce and Industry
= NITI Aayog
= Ministry of Housing and Urban Affairs
= Ministry of Electronics and Information
Technology
Financial Outlay INR 1,00,00,000 crores’=
KE}F Dutputs + Individual portal created for 22 central

ministries and all States/UTs.
«  Monitoring of 1,380 projects on PMG.
«  Monitoring of 345 private sector projects.
« Resolution of 1300 project-related
issues.
« 13 State logistics policies formulated




e ]

INTRODUCTION

imagine a scenario where efficient and interconnected transportation systems connect
cities, towns, and villoges maoke commuting seamless and faster; where improved road net-
works, odvanced railway systems, and upgraded efficient airports enable people to occess
better job opportunities and prosperity; where businesses thrive as costs reduce & supply
chains improve through efficient logistics; and where the availability of relioble and fast
internet connectivity in even remote areas empowers individuals to accass quality educa-
tion, healthcare, ond digital services. The PM Gati Shakti National Master Plan aims to create
this tronsformative scenario, to empower and propel India into a new era of progress and

development.

Launchead in October 202], the PM Gati Shalkt
Notional Master Plan is set to transform
India’s infrastructure landscape. With a mis-
sion to provide comprehensive and efficient
connectivity aocross modes of transpert, it
aims to enhance coordination and leverage
technology for seamless integration. PM Gati
shakti is buiit on six pillars: comprehensive-
ness, prioritisation, optimisation, synchroni-
sation, analytical insights, and dynamism.= It
ntegrates existing  initiatives, promotes
cross-sectoral interactions, identifies critical
gaps, synchronises activities, provides com-
prehensive data through spatial planning
toois, and enables realHime monitonng of
projects. This holistic approaoch enhances
coordination, decision-making, and progress
tracking, ensuring effective implementation
of the master plan.

Empoveensd Group of
Sacretnres (E308)

Loqistics of Division,
Minlstry ol Cammeares

Governance

The institutional framework for implement-
ing the PM Gati Shakti plan consists of three
tiers: the Empowered Group of Secretaries
(EGoS), the Network Planning Group (NPG),
and the Technical Support Unit (TSU). The
EGoS, headed by the Cabinet Secretary,
comprises Secretaries of 18 central minis-
tries and the Head of the Logistics Division as
Member Convener. Its primary role is to
review and monitor the implementation of
PM Gati Shakti, ensuring logistics efficiency.
The EGoS is empowered to prescribe a
framework and norms for any future
amendments to the Master Plan.

Hended by Cabinet Secretary with Special
Sacrelory, Logistics as the Mambear Corenor
ond other Sacretaries o membens

Haade of Matwerk Planning Dhdslon from
various connecthvity Infrostructurs
MiniariesfDeponments

Wil b eonatitubed In the Logistics Division with
repressnbotives from vorous Ministries {officers

ploced on daputntion) t ozt the NPG

Figure 10: Governance framework. (Source: Gatl Shakti FAQs)



Table 10: Achievements and outputs

Output Description

Data layers on PM » Individual portai created for 22 central
GSati Shakti NMP ministries and all States/UTs.
*  More than 1,900 data loyers uplooded
from concerned ministries/departments
and stotes.

Capacity Building « live demonstration of NMP conducted for

21 central ministries.

« 5l workshops completed, attended by over
2,500 participants from central ministries.

« 1st module of IGOT training on PM Gati
Shaktl uploaded

« 102 universities identified in 32 States/UTs
to offer courses on PM Gati Shiakti.

Institutional fromework * EGOS ot the national leve! is operational
with 3 meetings held.
» EGOS was formed by all 36 States/UTs.
»  MNPG at the national leve! Is operational
with 33 meetings held.
+  NPG was formed by 35 States/UTs.

Formulation of State Logistics = 13 State logistics policies have been

Policies notified and uploaded on DPIT website for
Andhra Pradesh, Assam, Chhattisgarh,
Gujaral, Haryanag, Himachaol Pradesh,
Keralg, Madhya Pradesh, Maharashtra,
Manlipur, Mizoram, Telanganao, and Uttar

Pradesh.
Impact of Project monitoring « Monitoring of 1,380 projects on PMG.
mechanism «  Monitoring of 345 private sector projects.

+  Resolution of 1,300 project-related issues.
« NPGs have held 40 meetings on &1 project

proposals,
PM Gati Shakti-related Project = Submission of action plans by states.
by states + Conduct eight screening committee

meetings for 17 stotes.
*  Recommendation of the stote action plon
to DOE for b states.

Cevelopment of »  Development of 12 customized

applications/tools on NMP decision-making tools on PM Gati Shakti
NMP, including project planning, land
parcel evaluation, cost estimation, and
forest intersections, among others.

Source One year of PM Goti Shakti — National Master Plan (Ministry of finarice, 2022)
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Conclusion

The PM Gati Shakti National Master Plan is a
transformative initiotive that directly benefits
citizens by enhancing connectivity, reducing
travel time, and optimising logistics for the
seamless movement of people, goods, and
services. The resulting ermnployment opportu-
nittes and economic stimulation greatly
improve livelihoods and overall quaiity of life.
Aligned with national priorities; including the
ambitious geal of a §5 trlliecn economy, the
plans focus on seamless multimodal con-
nectivity, efficient logistics, and world-class

infrastructure paves the way for sustain-
able development and occelerated eco-
nomic growth. By addressing key sectors
such as agriculture, renewable energy,
power transmission, shipping, aviation,
rood transport, and railways, the master
plan ensures compreheansive development
throughout. the nation. Thus, creating o
scenario similar to what we imagined
above - where through this initiative, o
prosperous future is shaped for all.
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WASTE TO WEALTH

Waste generation in urban areas of India will be 0.7 kg per person per day in 2025, approxi-
mately four to six times higher than in 1988, Back in 2016, 62 million tonnes of waste used to
be generated annually in the country, out of which 5.6 million tonnes was plostic waste, 0.17
million tennes was biomedical waste, hazardous waste generation was 7.80 million tonnes
per annum, and 15 lakh tonnes was e-waste™ Though rapid urbanisation and population
growth present an enormous challenge for the country, with the right policy framewoerk and
action, this chalienge can be turned into a golden opportunity. ™

To tap this cpportunity, the Office of the PSA
has established a PMU in partnership with
Invast Indig, India’s National Investment Pro-
motion & Facilitation Agency.™ The Waste to
Wealth mission aims to identify, test. validate,
and deploy technolegies to treat waste to
generate energy, recycle maoterals, and
extract resources of value ond provide a
technology dotabase of national and inter-
national technologies to support Urban Local
Bodies address their waste challenges.™

Key initiatives

To date, the Waste to Wealth Mission has
supported 140+ technologies dealing with
waste disposal and utilisation.™ Challenges
such as Cleaning ond Restoring Indias
Water Bodies Challenge and Biomedical
Waste Treotment [nnovation Challenge
were hosted to encourage startups, industry
ond researchers to focus on the problem of
waste generation.® In addition, the office of
the PSA introduced the Swachhta Saarthi
Fellowship (55F) in 2021 intending to rec-
ognize students, community members and
sanitary workers/self-help groups, and mu-
nicipal/ sanitary workers who are engaged
in tackling the challenges of waste man-
agement, scientifically and sustainably. The
lotest cohort of fellowships was lounched in
2023. Under the S5F, the fellows werk on
innovative mechanisms to generate wealth
from waste and are supported with nominal
monthly fellowships for a period of one year.
Some of the technologies developed and

successfully tested under the Waste to
Wealth mission include:

» Cleaning of Barapullah Drain

- Colloboration between the OPSA and
South Delhli Municipal Ceorporation
(somC)

- The drain cleaning excavator named
“Droin Master DM-80" developed by
M/s Cleantec Infra Pvt. Ltd, Mumbai
as an indigenous amphibious barge
mounted backhoe with skip used for
the cleaning of Borapullah drain

- For desilting and remaving municipal
solid and construction & demolition
waste from identified stretches of the
Barapullah drain.

» Semi-Automatic Waste Segregation at

Kasturba Dhalao™

- Every day 2200 tons of fresh waste
generated by people in Eost Delhi
finds its way to Ghazipur Landfill
which has glready exhousted the
space for dumping around 10 years
ago

- XAPER a decentralised auto segre-
gation, and composting system
developed by E3 Waste Solutions was
deployed for the segregation of solid
waste

- Using this technology, 560 metric
tons waste from Ghozipur was
diverted in the Year 2020-21.




Radiation Technology for Sludge Hygienisation

Sewage sludge is a rich source of organic
carbon and micro and macronutrients, but it
contains pathogenic microbes. However,
pathogen-free sludge availability in farm-
lands provides a healthy and economic way
to increase production yield, improve soil
heaith, and make full use of the potential of
sawage sludge. Radiation technology can be
used to convert municipality waste into useful
organic fertilizer. BARC has established pilot
plants in Ahmedabad and Indore for demon-
stration of this technology. This technology
has potential for use in bigger cities, to
address the waste disposal issue on a large
scale. To achieve this:

« An Advanced Effluent Water Treatment
Plant based on ozonation technology was

commissioned (2023) with 750 Litre Per
Hour (LPH) capacity at ONGC Mehsana for
field demonstration to treat oil-contami-
nated effluent water and make it suitable
for agricultural use in a rain-parched
adjoining area.

Three hybrid-granular Sequencing Batch
Reactor (hgSBR)®™ technology-based
Sewage Treatment Plants with capacities
ranging from 50 to 150 Kilo Liters per day
I[I(LD have been operationalised at Surat,
Shirdi and Tiruchirapalli for treating munic—
ipal wastewater. Approximately ten more
private companies have entered into an
agreement during 2023 for commerciali-
sation of the patented technology.







Imagae licensad from freepik.com



There is perhaps no other sector where India reaching Aatmanirbharta has been so
successiully demonstrated, as in the field of ogriculture. For o nation where two third of the
population is dependent on agriculture and livestock rearing,®* this is a crucial progress.

Much of this progress has been driven by
advancements in the field of bictechnology.
The Green Revolution was a preduct of
research and development and resulted in
India becoming a food-surplus nation.™

Recognising the importance of S&T in this
sgctor, India has consistently invested in

-

research and development for agriculture,
livestock and biotechnological advances
over several decades through several
different missions, prograoms, and initiotives.

This section looks at some of these efforts
including the Mational Digital Livestock Mis-
sion (NDLM) and the ARCMA Mission.
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5.1

ADVANCEMENTSIN
AGRICULTURE,
LIVESTOCK AND
BIOTECHNOLOGY

Ry

Image 55: Agriculture is central to the Indian econemy (Source CSIR inputs)

Agriculture sustains the livelihood of about half of India’s population. With India surpass-
ing China as the largest population in the world recently,” and the need for sustenance
of livestock and cattle, the Indian agriculture sector is galvanised to meet enormous
dernands of food, foedder, fibres, fuels, etc. The share of the agriculture and allied sector
in the total Gress Value Added (GVA) of the economy is almost 18.8% in 2021-22+
shrinking lond holdings, soll degradation, nutrient deficiencies, natural calomities, inad-
equaote infrastructure for processing and storage, or post harvest losses and ensuing
climate changes are some of the problems faced by the sector. These lead to issues of
sustainable productivity, quality of produce, biotic and abiotic stresses, thus impacting
sustainable agricultural production.




Such challenging issues are being constantly
tackled or mitigated through advancements
in crop production technologies supported
by rmedern molecular biclogy and biotech-
nology, particularly genomics, proteomics,
transgenics and gene editing technologies.
The modern technologies like speed breed-
ing opened new vistos for the development
of new plant varieties that are climate resil-
ient, bio-fortified ond suitable for the varying
growing conditions of our nation. Technolo-
gy based modern agriculture practices
such as GIS, remote sensing, GPS, etc. are
continuously providing  solutions  for
improvement in production, productivity

and profitability of the farmers. As per the
Geospotial Arthao Report, 2022, the Indio
geospatial market for the agriculture sector
is: estimated to be INR 5239 crores in 2022
and is forecasted ta grow up ic INR 67.65
crores in 20295, Further, the GIS and Spatial
Analytics market is forecasted to increase
from INR 1633 crores in 2022 to INR 2113
crores in 2025.

COverall, the decadal growth in production of
food grains, oilseeds and commercial crops
in 2022-23 (3@ Advance Estimates) as com-
pared to 2013-14 is given in Table 11 balow:

Table 11: Crop Growth in India

hdd B D
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Crop 2013-14 2022-23* Growth (%)
{in lakh tonnes)

Rice 1,066.46 135542 27.08
Wheat 958.50 1127.43 17.62
Maize 24260 352.13 48.03
Total Pulses 19257 27504 4282
Total Foodgrains 265047 330534 2470
Groundnut 9714 102.82 584
Soyabean 118.861 149.76 26.26
Rapeseed & Mustard 1877 124.94 58.61
Total Oilseeds 32749 408.96 2518
sSugarcane 3,521.42 494228 4034

Seource inputs from Ministty of Agricudture and Farmers Welfare
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Radiation technologies to improve seed and crop productivity

BARC uses radiation-based mutation breed-
ing to create genetic variability as one of
its core programs in enhancing crop pro—-
ductivity. Out of the globally documented
inventory of over 3300 enhanced mutant
varieties, approximataly 340 have originat-
ed from our nation. These varieties have
contributed significantly to the enhance-
ment of farmers’ income.

A Genetically improved bio-fungicide
Trichoderma virens strain has been devel-
oped by gamma-ray induced mutagene—
sis by BARC. This mutant produces up to
3-fold more anti-fungal compounds and
shows better protection against fungal
infections of plants.

Over the years, DAE and BARC have made
significant strides in the application of
radigtion technology to diverse species.
This has led to the creation of high-yielding
varigties with a range of characteristics,
including tolerance to abiotic/bictic stress,
larger seed size, and enhanced nutritional
properties. Few noteworthy examples in
recent years (2018- 2023) are as follows:

- Onions: BARC has conducted R&D
and commercial trials that resulted in
the development of an integrated
operating procedure through which
radiation-processed onions can be
affectivaly stored for 7.5 months under
specified cold storage conditions. This
ensures the availability of quality
onions and price stabilisation during
the lean period and also reduces
post-harvest losses.

- Potatoes: A commercial trial for
shelf-life extension of potatoes was
performed by BARC with three varieties
using gamma irradiation, followed by

cold storoge. Non-irradiated potato
samples completely sprouted within
100 days whereas irradiated potatoes
retained the quality attributes without
any sprouting fill 8 months. Potatoes
were found to be suitable for table
consumption as well as industrial pro-
cessing.

- Mangoes: Radiation technology has
been extensively used for exporting
mangoes fo overcome quaraniine
barriers since 2007. In 2023, India
exported more than 2,500 MT which is
a significant quantity in comparison
with 1048 MT of average annual
exports in the last 5 years. Four food
irradiation facilities were involved in
this process as per the SOP developed
by BARC. Radiation-processed man-
goes were exported to majorly four
major countries — the USA, Australia,
South Africa and Malaysia.

BARC-hydrogel is a potential soil condition-
er that can absorb rainwater or irmigation
water several hundred times its mass. It
can be applied wet or dry near the plant
saplings at any time during the plant
growth to provide plants with an early and
heaithy start. BARC-hydrogel has success-
fully been tested for aofforestation on
barren lands of Hingoli Maharashtrag, with
the help of the Directorate of Construction,
Services & Estate Management (DCSEM),
DAE. It enabled survival of plants (neem
and tamarind) by reducing water require—
ment up to 50% and vegetative growth
was comparabile to control.




Key interventions and
achievements

To make Indion agriculture aatmanirbhar
and future-ready, several initiatives like the
Naticnal Mission for Edible Oils (NMEO), Prad-
han Mantri Fasal Bima Yojana (PMFBY), Soil
Heailth Cards, National Mission on Natural
Farming (NMNF), Rashtriya Krishi Vikas Yojana
(RKVY), National Mission for Sustainable Agri-
culture (NMSA), the promotion of scientific
warehousing and the odoption of drone
techneologies, creation of Agri-infrostructure
Fund, Promotion of FPOs, National Beekeep-
ing and Honey Mission (NBHM), Per Drop
More Crop (PDMC), Rainfed Area Develop-
ment (RAD), E=NAM, Kisan Rail, Mission for
Integrated Development of Horticulture
(MIDH), creation of startup ecosystem in
Agriculture through Knowledge Partners
(KPs) and Agribusiness Incubators (R-ABIs),
Sub- Mission on Seeds and Planting Materi-
als (SMSP), Promotion of Mechanization
through Custom Hiring Centras (CHCs),
Agri-Drones and AgriStack have been
undertaken.

The following information further illustrates
the size ond scale of agriculture and its
impact on the Indian economy.™

« Between April 2000 and March 2022, a FDI
equity inflow of around $2.55 bilion was
attracted by the Indian food processing
sector.

« India's ogriculture exports touched a
historic high of $50 hillion (Fy 2021-22)
and the highest-ever exports were
achieved for staples like rice, wheat
sugar, other cereals and meat.” As per
the provisional figures released by the
Directorate General of Commercial Intel-
ligence and Statistics (DGCI&S), agricul-
tural exports hove grown by 19.92%
during 2021-22 to touch $50.21 billion. The
exports further increased by 5.78% during
2022-23 to $5315 billion.

-« The R-ABls supported 1176 agri startups
associated with precision agriculture,
drones, farm mechanisation, post har-
vest, food technology & value addition,
agri-logistics & supply chain, waste to
wealth, organic forming, animal hus-
bendry, dairy & fisheries, secondary agri-
culture etc. with financial assistance of

INR 75.25 crores. To provide an impetus to
the efforts, an Accelerator Fund of INR
500 crores has been created.

India received about INR 8204 crores in
agri-tech funding between 2017 and
2020 and ranks third in agri-tech finance
and number of agri-tech startups.

To ensure speady and easy access to
the newer technoiogies, ranging from
crop varieties, seeds, planting materials,
agro-techniques, livestock rearing, fish-
gries, the nationwide network of 728 Erishi
Vigyan Kendras is strengthened with
enhanced digital cccess and advisory
capabilities.

Since 2014, 2,278 high yielding varieties of
field crops were released, out of which
1888 (83%) are climate resilient and 113
are bio-fortified (for 16 crops). The pro-
motion of climate resilient varieties led to
enhanced preduction even during two
consecutive stress effected years viz
202-22 (31561 millien tones) and
2022-23 (330.53 million tones). The pro-
ductivity of all maojor crops also
increased significantly (Rice: 13.47%;
Wheat: 2586%; Jowar 2760% Bajra:
1442%, Pigeonpea: 2236% Chickpeao:
36.80%; Lentil: 4189%; Ropeseed/Mustard:
389.52%; Sunflower: 38.89%; Sugarcane:
15.49%; Potato: 9.09%).

The Minimum Support Price (MSP) for all
mandated crops was fixed at leost one
and haolf times the cost of preduction
Thus, there was a significant enhance-
ment in MSP like for paddy it increased
from INR 13l per tonne to INR 204 per
tonne, for wheat from INR 140 per tenne
to INR 2125 per tonne etc. The procure-
ment under Kharif and Rabi during
2021-22 enhanced to 3182568164 MT of
pulses, ollseeds and copra having value
of INR 1747831 crores benefitting
468,688 farmers. During the current
year 2022-23, the quantity increased to
365724101 MT of pulses, ollseeds and
copra valued at INR 2074234 crores
benefitting 1,633,631 farmers.

In poultry sector, with improved back-
yard chicken varieties, population of
birds increased by 458% thot is from
217.49 million in 2012 to 317.07 million In
2019. This was achieved with distribution
of 136.04 lakh improved chicken germ-
plasm.
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Diagnostics and Vaccine for African
Swine Fever Virus in Pigs was developed
by CRISPR/Casg Gene Editing technology
Under the worlds' largest DBT based
scheme PM-KISAN, more than INR 2.42
lakh crores has been transferred to more
than 11 crores farmers since 2019.

PMFBY launched in 2016 enrolled more
than 48.26 crores farmer applicants and
about 13.63 crores applicants received
claims of over INR 136923 crores. The
share of premium paid by the farmers
had been INR 28185 crores, indicating

that for every INR 100 paid as premium
they received INR 468 as claim. For
further improving the transparency in
transactions, DigiClaim module through
National Crop Insurance Portal (NCIP)
has been launched.

Institutional credit for agricultural sector
increased from INR 7.3 lokh crores in
2013-14 to approximately INR 185 lakh
crores in 2022-23. The benefit of conces-
sicnal institutional credit through Kisan
Credit Card (KCC) at 4% interest per
annum hos been extended to Animaol
Husbondry and Fisheries farmers also.
Since February 2020, a special drive has
been undertaken to provide KCC to all
beneficiary farmers of PM-KISAN.

Under Parampragat Krishi Vikas Yojanag,
since its launch in 2015-16, till date INR
185401 crores has been released, 32,384
clusters (20 ha each) formed, 6.53 lakh
ha area coverad and 1612 lokh farmers
banefitied. In addition, under Namami
Gange Programme, INR 19822 crores has
been released for 6181 clusters covering
123 lokh bo area. The Jaivikkheti Portal

has 6.02 lakh registered farmers on date.

The Mission Organic Value Chain Devel-
opment for MNerth Eastern Region, with
INR 819.42 crores since 2015-16 created
379 Farmers Producer Organisations/-
Farmers Producer Companies (FPO/F-
PC) covering 189,039 farmers, 172,866 ha
agrea, 367 Collection/ Aggrega-
{éurufGruciinngustcm Hiring Centras, 84
processing/pack houses etc. Seven NE

Stotes developed their own brands for
rmarketing.

Since the inception of Agri Infrastructure
Fund (AIF) in 2020, an investments of INR
40,065 crores have been mobilised in
agriculture sector including 8,655 ware-
houses, §128 primary processing units,
5,281 custom hiring centres, 1,638 sorting
and grading units, 1,033 cold storage
projects, 154 assaying units and about
5,775 other post harvest management
projects and community farming assets.
India is producing 133,200 MT of Honey
{QGQI-Q:’E? with an export of 74,413.05 MT
during the same year. The 'Madhukranti
Portal, with traceability features for
source of honey and other bee products,
has 13,958 Beekeepers/Societies [Firms/-
Companies associated with Honey and
has 2122 lokhs honeybee colonies regis-
tered with National Bee Board (NBB).

An grea of 78 lokh ha hos been covered
under Micro-irmigation through PDMC
Scheme since 2015-16. Under Micro
Irrigation Fund (MIF) with National Bank
for Agriculture and Rural Development
(NABARD), projects worth INR 4,710,965
crores covering 17.09 lokh ha have been
approved.

Agricultural mechanisation, considered
to ba most vital intervention for reduction
in costs of cultivation as well as drudgery
in farm operotions, received enhanced
focus since 2014-15 with INR 640555
crores, providing 1,523,650 machines and
equiprments to farmers, along with 23,018
custom hiring centres, 475 high-tech
hubs, 204861 farm machinery banks etc.
For addressing the problem of residue
burning in certain states; INR 3]138.56
crores were released since 2018-19 for
crop residue management interventions,
including 38,832 CHCs, 242 logkh ma-
chines etc

Standard Operating Procedures for
Kisan Drones for various crops were
developed ond under Sub-Mission on
Agricultural Mechanization (SMAM) INR
13456 crores have been released for
their promotion. 317 drones were provid-
ed for demonstrations in 79,070 ha area
along with 347 drones to farmers and
1573 drones to CHC,



The e-NAM Portal is integrated with 1,361
Mandis of 23 States and 04 UTs, and

more than L75 crores farmers and 2.45
lakh traders are registered on the portal
First Kisan Rail was launched in July 2020
and so far 2,359 services on 167 routes
have been operated.

The Mission for Integrated Development
of Horticutture (MIDH) initiated since
2014-15 brought an odditional area of
12.81 laokh ha under identified horticultural
crops. Moreover, B56 nurseries have
been estoblished, 138 lokh ha of old
orchards were rejuvenated, 51465 hao
covered under organic farming, 2.56 lakh
horticultural equipments distributed, L
lokh post-harvest units  established,
13,830 market infrastructures sst-up and
more than 2.0 lakh farmers trained for
various horticultural activities making
this sector enabled to contribute obout
33% to the Agriculture GVA (AgriGVA),

To caoter to the global needs establish-
ment of ICAR- Indian Institute of Millets
Research as Centre of Excellence for
Global R&D Hub for Millets (Shree Anna)
in India with INR 250 crores is underway
and a new initiotive “Enhancing climate
resilience and ensuring food security
with genome editing tool” wit INR 500
crores = plonnad.

The promotion of Millets under Interna-
tional Yeor of Milets—2023, resulted in
increase of eligible PUI Scheme beneficio-
ries and production of millet increased
from INR 42.0 crores in 2019-20 to INR 1964

crores in 2022-23, which is set to increase
to INR 19,000 crores by 2026-27. Further,
to provide eosy access to such products
a special Millet Corner has been creatad
on the GeM portal In Kharif marketing
seqason of 2022-23 578 lakh tones of mil-
lets ware procured for distribution under
TPDS, ICDS, PM-POSHAN/Mid Day Meal
Schame eic.

Under Sub-Mission on SMSP initioted
during 2014-15, so far 633 |lokh Seed
Villages have been established, 5743
lakh quintal seeds distributed, 1,511.20 lakh
quintal of quality seeds produced and
259 crores farmers benefited. A seed
village is described by the ICAR to mean
a village wherein trained group of farm-
ers are involved in production of seads of
various crops and cater to the needs of
themselves, fellow farmers of the village
and farmers of neighboring villages in
appropriate time and ot offordable cost
Also a MNationcl Seed Reserve of 26.40
lakh quintals of different varieties of
seeds have been maintained for natural
calamities. With an aim of effective mon-
itoring of seeds, Seed Authentication,
Traceability and Holistic Inventory Portal
{SATHI Portal) has been developed.

To create a coharent Digital Agriculture Eco-
systemn, involving domains of agriculture,
information technology, program pianning
etc 'Agristack’ with foundational layers of core
registries, base databoses, farmers dato-
baose, geo-referenced plots, crop survey, crop
planning, scil mapping, data exchange
and others is under development

Image 56: High Yield Variety of Geranium (CIM-Bharat) growing in field (Source CSIR inputs )
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Agricultural advancements in
biotechnology

The Agriculture Biotechnology programme of
the DBT promotes sustainable agriculture
through innovative research in the country.
DBT supports various aspects of agricultural
rasearch in the area of basic research,
gene-editing, pre-breading, transgenics, het-
erosis breeding and molecular breeding. Abi-
otic and biotic stress tolerance in crops is the
main target area of research.

Till o few years back, the focus of agricultural
R&D in India was tilted towards productivity of
the crop varieties and in the process specific,
nutritional traits were not in the priority in
most of the food security crops. An effective
national-level dedicated effort in the devel-
opment of bio-fortified varieties of these
crops was lacking, which has been remedied
recently with release of 113 biofortified variet-
ies of 16 crops. Enhancing genetic gains is
critical for ensuring food security to the
ever-increasing world population and mo-
lecular breeding, gene editing, genomic
selection, etc have the potential to rapidly
break yield stagnation in crops. So far India's
crop improvement program has mainly
ralied on conventional breeding and/or to
some extent marker-assisted breeding.
improvement of oilseed is one of the priority
areas of the DBT as India has a high level of
import dependency on adible oils. Similarly,

another area of improvement in agriculture
research is the enhancement of pulses and
millets (Shree Anna).

Biotechnology R&D and its
achievements

Amongst the many ongoing research devel-
opmenits in the field of agriculture, socme of
the most notable are as follows:

+ Development of genomic resources and
their application in crop improvement:
Genomic resources for crops, threa insects,
21 microbial and eight pathogenic species
including whole genome sequences were
developed. Eight genes, responsible for
specific agronomic traits, were identified
in six crops by allele mining and gene-based
association analysis, of which one gene
(rice SHMT3) was validated by genstic
transformation. Developed a quick and
relioble gPCR and LAMP-based diagnostic
assay to detect Karmal Bunt (Tilletia
indica) in wheat.

« In the Dairy sector, early pregnancy diag-
nosis in cattle and buffalo using pregnan-
cy associated proteins (PAGs/miRNAs) by
Loteral Flow Assay was developed and is
being validated.

- CRISPR/cas9 gene editing technology was
adopted for development of diagnostics
and vaccines for African Swine Fever Virus

in pigs.




5.2

NATIONALDIGITAL
LIVESTOCK MISSION

Being an agrarian society, livestock holds a very important role in indian households. Livestock
contributes almost 8% towards the natonal GDP. Nouriy 10 crores households undertake live-
stock activities, which provide a year-round stream of both income and nutrition. India is the

worid's largest milk preducer,
market. Th
rate of 6% annually.

While there are many reasons to rejoice, the
sector also suffers from certain persistent
issues, namely, scattered ownership of cattle,
low disease surveillance ond reporting, and
low productivity. A 12-digit tab for cattle has
been in force in India for a while but there
wera issues with the implementation of the
rule. Till 2014 out of an estimated 29.54 crores
bovines, only 10.28 lokh animals were tagged,
a negligible number. In the absence of the
unigue Tag IDs, the sector was functioning

ore or less in o non-digital way. For
instance, it is difficult for small scale farmers
to ask for services or gccess requisite infor-
mation. Similarly, due to lock of information
through integroted channels, artificial
insemination & breed improvement services
are available to everyone. In  oddition,
diseagse reporting mechanisms of livestock
need strengthening.

Key reforms

A unigue identification number systermn has
been developed in India to develop a data-
base for livestock animals wherein the
complete life-cycle of animaeis can be cap-
tured and troceability can be established.

Tagging has been made maondatory for
participation in Union Government schemes
such os:

+ Universal Foot and Mouth Disease (FMD)
vaccination under the Natonal Animal
Disecse Control Progrl::mme.-’i_ivastal:k

a major exporter of buffalo meat, and has a flourishing poultry
e market size for livestock in India is abeout INR 9.5 lakh crores growing with a growth

Health &
and

=  Nationwide Artificial
gramme (NAIP)

Disease Control Programme

Insemingtion Pro-

With these interventions till now eut of an
estimated 2954 crores bovine population
nearly 2672 crores (805%) haove been
togged in the field and this dotabase is avail-
able for integrating it for various activities.
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Figure I1: Details of animals tagged in the field
from 2014 till 2022 (Source Department of Animal

Husbandry and Dairying (DAHD) inputs)
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Figure I2: Key components
(Source: DAHD website)

The road ahead

A pre—existing digital system called Informa-
tion Network for Animal Productivity and
Health (INAPH) designed for running Progeny
Testing/Pedigree Selection (PT/PS) projects
was being utilised for running the program
so far, which hod design deficiencies.

I view of the above, it was decided that o
completely new ecosystem would be devel-
oped under National Livestock Digital Mission
(NDLM). Under NDLM all the static and
dynamic information obout every togged
animal will be available on an open-source,
APl-integroted database for all the stoke-
holders including the farmers. Under NDLM,
“Bharat Poshudhan” is envisaged by the
Department of Animal Husbandry & Dairying
and National Diary Development Board
(NDDB) with the guidance from the Office of
Principal Scientific Adviser.

The NDLM aims to ensure visibility and
uplooding of data smocthly by all Frontline
Waorkers (FLWs) and farmers. This will em-
power the farmers by providing them a
medium through Mobile App, Coll centre
and web interface for fully utilising govern-
ment facilities, and schemes and availing
the services required for tha livestock. These

services include accessing factsheets of an
animal, telemedicine services, and breeding
LEnices.

Other than farmers and governmeant workers
there is a large group of stakeholders for
whom connecting to an integrated data-
base for their functioning is essential such as
financing institutions, the insurance sectar,
and various startups working in this field. Al
these stakeholders play an important role in
the life of a farmer by providing services
such as financing, insurance, treatments,
traceability, stc. and for their work, they
require o credible and integraoted database
system to enable them to make decisions In
the best interest of the sector.

Bharat Pashudhan has been envisioned as a
secure, credible, and integroted database
system for the needs of such stokeholders. In
order to facilitate them the IT system is being
designed on open source architecture foran
APi-based integration environment for
seamless information exchange across the
sector as a service enabler tool. Under the
NDLM, the following ochievements have
been made so for:

+ [Existing Unique identification Tag ID
databose has been successfully migrat-
ed to cloud.

« New application “Bharat Pashudhaon® for
FLWs has been developed and has baen
made Go-live, details of different phases
is detailed as under:

- In Uttarakhond w.ef. 10th of April 2023

- In another six Stotes/UT of Himachal
Pradesh, Goo, Jammu & Kashmir
Ladakh, Chandigarh and Puducherry
w.ef. lst of June 2023,

« Sero-surveillonce and Seroc-monitoring
Module is live since June 2022 and is being
utilised by Regional Disease Diagnostics
laboratories (RDDLs) for processing the
field somples for disease monitoring pur-
poses.
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Table 12: List of indicative future activities to be carried out

Activity

Sector App "1962"

Disease Monitoring aond Control

Breed Improvement

Froduct Traceability

Livestock census

under NDLM

Description

Farmer facing app under development

An integrated Disease monitoring and control
system and associated Lab centre which will
be using latest Al[ML tools for analysis and
R&D purposes is being established at National
Institute of Veterinary Epidemiology and
Disease Informatics (NIVEDI), Bangalore as a
part of NDLM project.

Using data integration to create a breeding
program for achieving the best quality
germplasm.

The traceability will improve product quality
for the consumers and also provide
opportunities for branding of products and
increased income for the farmer.

Livestock census exercise will be undertaken
through NDLM app only and this exercise will
serve both the purposes of census as well as
database cleansing and will keep the
database updated in near real time basis.




5.3
AROMA MISSION

Year of Union 2016-2020 (Phase 1)

2021-2023 (Phase II)

Cabinet Approval 2023-2026 (Phase i)

Nodal Agency Council of Scientific & Industrial Research
(CSiR)
KE‘?‘ DbjECtWES To support and encourage farmers to cultivate,

process and market plants with aromatic
medicinal properties.

Nine high value aromatic crops identified by
CEIR- Indian Institute of Integrative Medicine
(CSIR=IM) for the Aroma Mission include
Lemongrass, Rosagrass, Lavender, Rosemary,
Jammu Monarda, Salvia Sclaria, Mentha species,
Ccimum species and Pelargonium Graveolens.™

KE? Achievements In phase | of CSIR Aroma Mission, more than
5500 hectares of additional area was

brought under captive cultivation of
aromatic cash crops.CSIR provided
technical, infrastructural ond procurement
mechanisms to farmers of these crops.

Next Steps Launch of CSIR Aroma Mission Phase |l
(2023-2026)

CSIR Arorna Mission is aimed towards catalysing rural empowerment through cultiva-
tion, value oddition and marketing of aromatic plonts” The phase | of the mission
lasted between 2016-2021. Phase |l of the Mission was launched in 2021."" The following
are some significant achievements of CSIR-IIM during the phase | of the CSIR-Aroma
Mission:”

« Brought more than 5,500 ha (for all participating labs of CSIR) of the additional
area under captive cultivation of aromatic cash crops particularly targeting
rain-fed /degraded land across the country.

« Provided technical and infrastructural support for distillation and values-addition
to farmers/growers all over the country.

= Enabled effective buy-back mechanisms to aossure remunerative prices to the
farmers/growers.

+ Made progress in value-addition of essential oils and aroma ingredients for their
integration in global trade and economy.




Image 57 Some of the products released under the AROMA mission include FMCG goods such as
toothpaste and pain relief gel made frarm AROMA-developed variants (Source CSIR AROMA website)

Purple revolution under the CSIR Aroma Mission'’®

Lavender is commercially one of the best
known essential oi-bearing plants, which is
grown for essential ol and dry flowers.
Because of its delightful odour, Lavender ol
has found wide applications in flavour, per-
fumery and cosmetic industry. It is also used
in therapeutics as antispasmodic, and car-
minative. Recently, as aromatherapy has
become increasingly popular, Lavender oil
has found application as a stress buster or
brain reloxant

The global demand for Lavender oll is esti-
mated at around 12,000 tc:-ns;" year, whereas
domestic consumption of Lavender oil is
more than 250 tons/year.

Under CSIR-Aroma Mission, high volue
essential oil-bearing Lavender crop was
infroduced to the farmers of temperate
regions of Jammu viz, Doda, Kishtwar, and
Rojouri districts. Till March 2021 under

CSIR-Aroma Mission, Quality planting mate-
rial (QPM) of Lavender, i.e, more than 8 lakh
rooted plants of Lavender were provided
free of cost to more than 500 farmers in the
Jammu region for >140 acres of land.
Besides free QPM of Lavender, free technical
knowledge and essential oil distillation facil-
ities were provided to the farmers. Field
demonstration for plontation of Lavender
was aiso given to the farmers. Detailed
information about agro-technology and
field management practices was provided
to the farmers. Lavender cultivation in the
Jammu division is immensely helping in
alleviating the income of the marginal
farmers of the region. Lavender has
become vastly popular among small and
marginal farmers of the temperate regions
of the Jammu division. Farmers have pro-
duced more than 800 liters of lavender oil
worth INR 80 Ilogkhs between the years
2018-2020.




Image 58: Promoting drought-tolerant
Bundeikhand (Source: CSIR AROMA website)

Key objectives of CSIR Aroma
Mission Phase Il (2023-2026)

»  Development of
villages/clusters,

crops in Vidarbha and

sustainable Aroma

- Design and development of efficient
distillation units based on energy from

renewoble resources.

Development of efficient and low-cost

tools and technigues for determining the

major aroma chemicals and detection
of adulterants in the essential oils for the
supply of quality raw materials especial-

ly for the international market.

Valorisation of spent biomass to utilise
the waoste for wvaolue addition thus
increasing the farmers income.
Development of safe essential oil-based
products for human and veterinary use
to promote startups and innovations.
Ganomic resources daota generation for
important crops which could be exploited
for developing improved genotypes/vari-
eties.

Development of resource-efficient and
climate-resilient varieties of arormatic
crops to reduce the input cost for cultiva-
tion and sustaining climate adversaries.
Organising Training/awareness programs
for the development of human resources
skilled in arorna crops cultivation, process-
ing and value addition.

Promoting entrepreneurs/startups in the
aroma sector for generating planting
raterial, processing units, marketing of
gssential oils and manufacturing of
aroma based volue added products.
Increasing the areo under cultivation of
selected aromatic crops by another
16,000 hectares in the next three years
for meeting the aroma industry demand
and helping in increasing the farmer's
income.
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S&T research form the bedrock of improverments in health. While research and development
play an important role in the field of medicineg, it plays an equally important role in the field

of public: health. Public health is the science

people and communities

india has seen many improvements in public
health over the |ost several decadess
Decreased rates of infant mortality,™ moter-
nal mortality® and increased life expectancy™
have all contributed to safer and lenger lives
for Indians today.

There have been many areas in medicine
and public health where India has shown
trermmendous advancements and improve-
ments. Consistent efforts and investments
from the Ministry of Heaith and Family Weliare
(MoHFW), research funding and conducting
bodies such as the Indian Council of Medical
Research (ICMR), DBT, DAE among others
have played a crucial role in research and

imoge licensad from freepilccom

of protecting and improving the health of

implermentation of health programs for beth
infectious diseases and non—communica-
ble diseases (Cancer and others).

However, the single best example today, ane
that is vivid in our memories given recent
avents, is the Indian vaccine story

The next section takes a walk through India’s
vaccine story. It starts from before the pan-
demic, to acknowledge the investments and
efforts that had been previously done, which
allowed the nation to mount a concerted
and intense push to develop and manufac-

ture vaccines te safeguard the entire nation

and the world when the time came.




INDIA'S VACCINE STORY

The benefits of vaccines in the 20" and 21" centuries are hard to exaggerate. Referred to
as “the single most life-saving medical innovation ever in the history of medicine”'™ vac-
cines have been credited with saving 50 million lives between 2000 and 2018 and will
avoid 52 million deaths in children under the age of 5 yaars, between 2000 ond 2030.%
Vaccines have led to the eradication of diseases such as smallpox and more recantly,

the near-eradication of polio.

Even before the onset of the COVID-19 pandemic, 60% of the world's vaceines were pro-

duced in India™ UNICEF programs and many low-income countries depend on
high-quality, offordable voccines produced in India.

Universal Immunisation
Program

In India today, routine Immunisation is
credited with having saved children’s and
mothers” lives and hos reduced the
burden of mortality and morbidity, Our
immunization program, better known as
the Universal Immunisation Program (UIP)
iz arguably the largest in the world and
serves a birth cohort of nearly 25 million
newboms, approximately 100 million chil-
dren up tc the age of 5 years, and 30
million mothers for vaccines and boost-
ers. = Indio eliminated matermal and neo-
natal tetanus, in April 2015, well before the
global deadline of December 2015.%

Under the UIP program, vaoccinations
against 12 vaccine-preventable diseases
ara provided free of cost at government
centers. Mission Indradhanush, a special
vaccination drive launched in Becember
2014 targeted unvaccinated and partially
vaccinated children less thon 2 years of
age to reach more than 20% full immunisa-
tion coverage and unvaccinated pregnant
women. While the first two phaoses of Mis-
sion Indradhanush resulted in a 6.7%
increase in full immunisation coverage in
a year, a survey carried out in 190 districts

(covered in Intensified Mission Indradha-
nush which is the 5" Phase of Mission
indradhanush} shows an 185% points
increase in full immunization coverage as
compared to the National Heaolth and
Family Welfare-4 (NFHS-4) survey corried
out in 2015-16.

The latest round of the Intensified Mission
Indradhanush 4.0, is aimed at vaccinating
those children who missed crucial vac-
cines during the pandemic.

UIP is a feat of logistics managemeant
Delivering vaccines through the length
and breadth of the nation is done through
a network of Primary Healthcare Centers,
hospitals, and vaccination drives and
delivered by an army of personnel cn the
ground. Vaccines require specialised
transport, in what is known as a
cold-chain supply as many vyoccines
need to be kept consistently at low tem-
peratures for efficacy without which the
potency of the vaccine reduces or in
some cases fails. There are more than
29000 Cold Chain Points {CCF‘S] across
the country where the vaccines are stored
and further delivered to the lower-level
stores/immunization sessions attached to
them.™




The country also relies on digital tools to
support vaccine logistics requirements. The
Electronic Vaccine Intelligence Network, or

aViN, is a smart vaccine logistics system,
developed by the United Nations Develop-
ment Program. Goel monitors vaccine stocks
and temperatures and is integrated into the
cold-chain system of the country. eVIN
allows health workers to provide real-time

Both public and private sector investments
in vaccine manufacture have resulted in the
country being Aatmanirichar to the point of
being able to export voccines to other
countries.

India’s strength in vaccine manufacture and
delivery has been known for some time.
However, over the last several years, the
country is also emerging as a strong center
for the development of vaccines.

Beyond Manufacturing: India
as a hub for vaccine
development

Vaccine development is o long and com-
plex process, often spanning multiple years
and large costs. Being a process of scientific
discovery and translational development, it
comes with added risks of failure.

Aside from the risk of scientific failure, vac-
cings; being o medical product that is
administered to humans, have stringent
regulatory requirements to prove their
safety and efficacy, A process of clinical
trials to test vaccine candidotes after initial
development and animal safety studies, in
three stages with increasing sampile sizes, is
the gold stondard for testing the voccine's
safety and efficacy. However, these steps
drive up costs and time taken for vaccines
to reach the public and incregse the unit
economics of the vaccine. Many vaccines,
especially those developed abroad, are well
out of the reach of public heaith systems in
low—and middle-income countries.

This is where Indio has gained a distinct
advantage. Lower costs of production with
strict regulations, coupled with unique

information on voccine stocks after each
immunisation session. This informaotion is
stored on a cloud server so officials can
immediately see wvaccine availability. A
recent evaluation of eVIN showed it saved
90 milion vaccine doses reduced
stock-outs by 80%, and gave an estimated
future return on investment of nearly 300%.**
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Image 58: Rotavac and Ceravac vaccines
{Source Department of Siatechnolbgy inputs)

financial partnerships between stakehold-
ers have resuited in the development of
high-guality affordable vaccines.

Perhaps the best example of this is the
development of the Rotavirus voccine,
which is now part of the UIP. The Government
of Indig, along with partners agread with the
vaccine manufacturer Bharat Biotech,
where in returmn for funding to de-risk the
development of the vaccing, the manufac-
turer would promise to sell the vaccine at:a
low cost of $1 and in large volumes™ A sirnilar
partniership also supported the development
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of the guadrivalent HPV vaccine agoinst
cervical cancer, developed by the Serumn
Institute of India with partial funding from
DBT, which received moarket authorisation in
2023.

Vaccines for Pneumococcal infections In
2017 and Jopanese Encephalitis in 2014
have been developed through partnerships
with global entities for technical support
Similarly, process innovation coupled with
technology transfer from global entities, has
enabled the development of vaccines for
Hepatitis B, Meningitis A and Cholera. A vac-
cine against Shigella, the second (after
Rotavirus) most fatal orgonism to cause
enteric infections in infants, is under devel-
opment and is licensed to private players in
the country to test and commercialise the
vaccine. Today, nearly fifteen vaccine can-
didates for diseases such as Dengue, TB,
Chikungunya, Influenzo, Pneumococcal
Disease, Cholera, Malaria and CCVID-18, are
in various stages of development with com-
plete or partial support from the government

Alongside financial models and funding, the
Government of India employed o
three-pronged strategy of building capacity
through infrastructure support,** developing
new and oadvanced vaccine condidates
and enhancing product develepment and
rmanufacturing capabilities.

Investments of the ICMR in setting up 144
regional, stote level and medical college
level labs through the Viral Diagnostic and
Research Labs network have helped in early
diagnosis of diseases in remote parts of the
country by saving somple transportation
requireaments. Other initiatives include the
setting up of agencies like BIRAC, which
helped implement missiens such as the
National Biopharma Mission, in partnership
with the World Bank, Ind-CEPI, in partnership
with Coalition for Epidemic Preparedness
(CEPY), ond the Grand Challenges India part-
nership with the Bill & Melinda Cates Foundo-
tion. These missions supported infrastructure
investments like shared Manufacturing and

Analytical facilities, Clinical Trial Networks,
Translational Research Consortio, Animal
Testing Facilities, Biorepositories as well as
provided grants and support to academia
and industry to develop therapeutics and
vaccine candidates. Laboratories and infra-
structure investmeniz were alsomade inthe
autonomous research institutions of the
government

International partnerships such as bilateral
collaboration with National Institutes of
Health (NIH), US through the Indo-US Vaccine
Action Programme (VAP); coaoperation with
European Union through the Horizon 2020
Programme; Grand Challenges India and
Ind-CEPI Mission, were fostered which have
enabled strengthening of clinical trial sites,
seting up of immunoassay laboratories,
animal challenge facilities, development of
harmonised pretecols and enhancing manu-
facturing capabilities, thereby, fostering a
conducive end-ito-end vaccine develop-
ment ecosystem. Clinical Trial Networks,
which are collections of clinical trial sites
with well-studied populations to econduct
multi-centric trials, ond reduce the time
required to set up a clinical trial, have also
been sat up.

All these investments loid the foundation
that allowed India to mount a cohesive and
determined response to the COVID-18 pan-
demic.

The race for vaccines and
vaccination against COVID-19

The COVID-19 pondemic brought to the front
and centre the importance of vaccines and
vaccine delivery systems ot a scale that had
not been seen for some time, In @ race
against time, and a mounting death rate,
researchers ond governments worked to
bring out vaccines that would save lives
against o disease that we did not know
much about Teday, estimates show that
just in the first year of the pandemic, vac-
cines resulted in a glebal reduction of 63% in
total deoths and saved 19.8 muillion lives.™



In India, the response to the pandemic was a combined effort of scientific research excellence,
regulatory easing without compromising on safety, and the use of the digital infrastructure
expertise that the country already had.

The Government of India employed two approoches to the development of vaccines

against COVID-19. One approach was to leverage India's expertise in vaccine development
and the other was to leverage international science.

Approoch 1: * RED

Leveraging ndia’s - Product Developement
sclentific Prowess > » Lorgs Clinlcal Triols
COVID-19 Vaccine Devalopmeant

Approach &
Levetaging

intarnational - Technology Transler
Sclence - Bridiging Studies

= Augment Production

Figure 13: Approaches to the development of COVID-19 vaccines in India
fCnuree: indicn Council of Medicol Research inouts J

fo harness Indian expertise in voccine development the Gol launched Mission COVID Surakshag,
with an outlay of INR 200 crores under the Aatmanirbhar Bherat 3.0 pockage. The goal of the
Mission was to accelerate the development of at least 5-6 COVID-19 vaccine candidates
and ensure that some of these are brought closer to licensure and introduction in the market
for consideration by requlotory authorities and for introduction in public health systems,

g FacTsMeET

Year of Union 2020
Cabinet Approval

Nodal AQEI"’IC? Ministry of Science and Technology,
Department of Biotechnology

Financial Outlay INR 900 crores

KE? Achievements «  Development ::_sT 4 yaccines against COVID=18

that have received Emergency Use
Authorization, in India- GEMCOWVAX,
CORBEVAX, Zvcov-D, INCOVACC.

» Augmentation of domestic manufacturing
capacity.

» Five Animaol Challenge Facllities and Six
Clinical Immunogenicity Labs created

* |8 Clinical Trial Sites Strengthened



The Mission’s objectives were to:

+ Accelerate pre-clinical & clinical devel-
opment; licensure of COVID-18 vaccine
candidates that are currently in clinical
stoges or ready to enter the clinical
stage of development

« Establish clinical trial sites, ond strengthen
the existing immunoassay laboratories;
central lobs and suitable facilities for
animal studies, production focilities and
cther testing facilties to support
COVID-19 vaccine development.

« Support troining, and regulatory submis-
sions, to accelerate clinical develocpment
and licensure of COVID-18 vaccine ean-
didates that have targets identified.

+ Support capabilities for process develop-
ment, cell line develepment and Mmanu-
facturing of Good Manufacturing Practice
(GMP) baotches for animal toxicology
studies and clinical trials.

+ Development of a suitoble Taorget Product
Profile so that voccines being introduced
through the Mission haove preferred
charocteristics applicable to India.

Porallelly, the development of COVAXIN, the
first COVID-18 vaoccine was undertaken
indigenously by the ICMR-National Institute
of Virclegy [NIU\S and Bharat Biotech Interna-
tional Limited (BBIL), isolating the virus from
throot swabs of patients. The lab-to-market
jourmey of Covaxin took approximaotely 8
months. COVAXIN has been the backbone of
Indio's national COVID-18 vaccingtion drive,
which became one of the worlds lgrgest
vaccination drives, administering over 350
million doses. It has olso received emergen-
cy use authorisation in 14 countries, includ-
ing Mexico, Brazil, Nepal, and Iran.

mMission COVID Surcksha hos led to the
development of 4 vaccines against
COVID-19 that have received Emergency
Use Authorisation, in India. These are some
of the world's firsts, such ds the world's first
DNA vaccine for COVID-19, ZyCoV-D; protein
subunit vaccing, CORBEVAXTM {fﬂr use in 5
years & above); mRNA vaccine GEMCOVAC™-19;
first intronasal COVID-18 Vacecine
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age 60: India’s COVID-19 vaccine arsena
(Solree: ICMR and Department of
Biotechnology inputs).

(iINCOVACC). CORBEVAXTM and iINCOVACC
have also been approved as boosters.

The Mission has clso led to the daevelopment
of indigenous MRNA™ and DNA platiorms
for vaccine development.



The government has also invested in
upgrading and augmenting domaestic pro-
duction copabilities of the Covid-18 vaccine
for both the public and privote sectors.
Facility augmentation has been supported
at Bharat Bictech, Indian Immunologicals
and the Gujarat COVID vaccine consortium.
Haomster and tronsgenic mice challenge
models were developed cnd neutralization
agssays were standardized. Translational
Health Science and Technolegical Institute
(THSTI) faciiity provided animal models and
immMmunoassay services to vaccine developers.
Clinical trial sites estoblished on electronic
volunteer database with 150,000+ subjects.

Easing and supporting
regulatory requirements

Apart from providing funding, the govern-
ment played a central role in expediting
regulatory processes that surround vaccine
testing and manufacturing such as bridging
trials of vaccines from abroad, which were
then manufactured in Indio, for example
Covishield.

Central Drug Stondard Control Organisation
(cDscO) (under the Directorate General of
Health Services, MGHFW} issued an order
that vaccines against Covid-189 approved
by specific countries such as the US, UK
Jopan and others, or the World Heaith
Organisation (WHO) no longer require
post-approval bridging trials ond batch
testing in India. If the vaccine has been cer-
tified aond released by the national control
laboratory of cartain countries or if it is listed
in the WHO Emergency Use Listing (EUL), it
was exempted from the requirement of
localised clinical trials, mandating instead
the requirement of post-appreoval parallel
bridging studies.* This allowed vaccines to
reach the market in an expedited manner.
However, the study of the vaccine perfor-
mance would continue for batch release as
per standard procedures. This was a radical
departure from the past allowing rapid and
simplified authorisation of foreign vaccines
by CDSCO.

Ancther policy easement, the Rapid Regula-
tory Response Framework notified by DBT,™
loid down processes for the fast review of
applications for the development of voccines;
diagnostics, prophylactic and theropeutics,
and created checklists for Pre-clinical toxicity
studies for recombinant voccines. This
increased the speed with which the industry
was receiving feedbaock on clinical trial data
and was, therefore, able tc move the develop-
rment process faster.

On the manufacturing side, the government
allowed compaonies to commercially manu-
facture vaccines post successful Phase |
clinical trials, to stockpile vaccines while
Phase 2&3 clinieal trials are ongoing.™

The indigencus production of the vaccines
has enabled India to supply 148 million
doses to over 100 countries worldwide as
part of its Vaccine Maitri scheme.

Scaling digital solutions to
vaccinating India against
Covid-19"°

CaWIN, or the COVID-18 Vaccine Intelligence
Network, was bom out of Indian ingenuity,
expertise in digital selutions, and the need to
provide, record and certify vaccinations for
o population of over | billion pecple.

The country's experience with &VIN and
developing and scaling Acdhoar and UP,
aliowed the development of an end-to-end
digital solution which served the function of
registration, oppointment scheduling, identi-
ty verification, vaccine status with inventory
datobases, vacecingtion, and verification of
the vaccination. Digital Infrostructure for
Vaccingtion Open Credentialing (DIVOC)
was created as an open-source digital plot-
form to help with the rapid rollout of digital
credentials such as vaccine certificates and
post-vaccination feedback.

The platform was olso integrated with bio-
rmetric digital identity tools such as Aadhaar
and Digilocker. It has its own APl policy
which helps seamless integration with
third-party apps for ease of use.
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Az gn 24t June 2023, the total number of
vaccination doses administeraed to date is
over 220 crores ="

Conclusion

India's history with vaccines is a story of
novel interventions, pushing frontiers, citizen
impaoct and aligning with national priorities.
Collaboration, leveraging expertise, dedi-
cated investment and policy support have
all contributed to propelling the country as

one of the lgrgest vaccine manufacturers in
the world.

india has the potential to further scale up
and strengthen the vaccine development
and delivery ecosystem for the country and
the world. With consistent investments in
research, capacity and infrastructure, and
by fostering strong collaborations and part-
nerships, India can be a global leader in the
area of vaccine development and vaccine
praovider,







ANOTE

Over the post decads, India has expari enced remarkable progress and significant growth
Cwuring this time, we have observed India's emergence as a formidable presence in the field
of S&T, marked by a plethoro of ambitious achievements and groundbreaking initiatives
This report endeavors to highlight a select few of these remarkable endeavors, shedding
ight on the exceptional contributions Mmade by our country s formidable scientific communi-
ty. Nevertheless, it is essential to ocknowle: :151 g r| ot this report offers just a glimpse of the
extroordinary work that has unfalded in Indio. Countless missions, achieavements, and pro-
grams have taken shape, far exceeding the scope of what we could encompass within
these pages.










END NOTES



72

Disclaimer: Hon-attributed information within this report has been sourced through relevant Ministries,
Departrments and Institutes. Detoils of additional sources and references are listed below.

A Decade of Sclence: Indla’'s Advancements In Enabling and Dolng
Sclence

*Ouoted in Saha (1997}, 3. B. Karmohapatro, svailable at
ftips:f

larchive org/eireamimeghradeshallsbka/meghriadeshatlebla, dpaubd

* Gopslaknishnan (1973}, Higher ecusation in postmndependent India (1847-197C): 2 ontiogl evafuation in terms: of
=elected ontenia of effectiveness, availlabls at:

hitps:/ischolanvorke. montana. eduhmiluyorstreamhangle /435831 TE21007108149: pdf zeguenas=1

= Sabharwal and Dhawan (2023), Three-pronged approgoh o make Indiz R&D powerhouse

httos: (tmesofingia. indiabmes somiindiafthres-pronged-sporoach-to-make-india-rd-powernouse/articleshow 89481468 0
meHrom=mdr

* Zourced from World Intellectual Propery Reports for _-,.'E-EI.FE 2014 -2018 and Global Innovaiion Indesx for the
years 2079 - 2022 at hitpe/www wipouint! and hitps:/fevww . globalinnovationindex org/analysis-sconomyrezpectvely
= PM'z address 1o the 1G8th Indian Soience Congress. avallable at
https:f{pib.gov infPressRelessDetaim aspx7PRID=18558225
= Minigiry of Socience and Technology (2022), Year-End Review -2022: DET, available here:
https:(pibigovanPressReleaseFage aspPFRID=1886841
" Oifioe of Controfier General of Patents; Designe and Trademark, Annual report Z021-22 available at
htips:ipindia gov. infwritersaddatsPortal/imzpes/pdtFinal Annusl Report Eng for Metpdf
# Oiffice of Coniroller General of Patents, D-:—.eigrr“ and Trademark, Annual reporz 2021-22, availsble af
pitoe:foindiz. govanfwriteresddaiaPodal/imagee/pdf Final_Annuai Report Eng for Metpof
# The White House (2023}, Jont Statement from the United States and India; avalable at
httos:ffaeew whitshouse govfornefing-room/statements-relsasss/2023/08/22 jont-statement-from-the-united-states-and-ind
(i=14
= M ms_r; of Science and TEchnology (2022, Responss to Parlismentary Question on H&D Expendifurs, Availabls here
httos: (feansad n'ostFilefiokesbhagtuestone/anmex’1 71 1/ALUST18 oo Ysourcs=paals

* Forbes {2022), The struggle and the promizs: Rectoring Indig's poiential

Systemic Capabllity Bullding
" Unesoo (Webpage), Capaony Bullding in Ssience and Technology, avalabie 5t
https://enunesoo org/themes/buwlding-capaoity-soienoe-and-enginsering
FUGE nothied UG (Institutions of Eminence Deemed 1o be Universities) Regufations, 2077 for private institutons and
guidehines "UGC (Declaration of Government Educational Instivtions as Insttuhons of Eminence) Guidelines, 2017 for
public instiutions on 07.09.2017. Source, UGC, (Webpags) Institubions of Eminence Scheme, availabls at
httpe:ffiog. ugo.ac, miHome/About
+3ERB (Webpags), High Rk, Hioh Rewards, available at
https: fl2erconhine. n/SERBHRARE —text=0b jeotive 34 shifingSe20influsnoe% 20on % 20the 3. 205326 T
*# Ministry of Education (Webpags), Prirne Ministers Research Fellows, available at nttpsifivwew.pmrtin/
*= WMinizzry of Education {Webpagse), Prime Minizters Regearch Felioves, Statistios, avarlable at
https:/fweew. o, infstzbetice-pags
" SERB (Webpags). Ramanuian Feliowehip; available at
httos: v serbonime n/SERB/Bamanujan fellowshinTHomePage=New
3 DST (Webpage}, Inspire Program, available at httoz"fonlinesinspire. gov. ind&coountiNSPIREPragramme
¥ Eponomic Times (2023), MaZ [T Rajeev Chandrazekhar to empower semiconducior startups, next-gen chip designers,
hitps:/feoonomictimas. indiztimes comitech/technoiogy/mos-itio-empower-semiconducior-stanups-next-gen-chip-design
ersfarticleshow/ 100100967 cms?utm_scurce=contentofinisresifutm.medium=tsxifutm_campaign=0ppat
# Offineof the Principal Scienthic Adviser to the Gal (Website), Scienoe and Technology Clusiers. avaiable at
https: My, pgs govinfet-olusiers
o ':]th..-E of the Principal Scientfic Advizer to the Gol (Wehbsite], Science and Technology Clusters. available at
nttos: ffeevel, pas gov infsi-ciusiers

= Fovernment of india, Startlp india website, available hers: hitpsfwww startupindia.goyv.nd
= Department of Biotechnology (2027), Mational Bicteohnaology Bevslopmant Policy: Knowledge and Innovation Drrven
Brotechnology (2321-2025), available st

htips:/dbtindia gov.infeites/dsfaultfiles/NATION AL 2. 20BICTECHNOLOGY %20 DEVELOPMENT % 205 TRATEGY . G



** Deparment of Soienoe and Technology (2023) websrte, avsilahle at

https:/fdat.gov.in'stesidefaulifiiesNRF pdf

= Press Informabion Bureau (2023), Cabinet approves Introddcion of Mational Resszroh Foundation Bill, 2023 in
Parliament to sirengthen ressarch soo-gystem in the oountry, availkzble at

Https:/foib. gov. in/PressReleaselframePags aspx"PRID=1935835

Frontler Research
= UNCTAD (2021), Technology and Innovaton Report 2027, Catching technofogiosl waves: Innovation with
equity, avalable & ntipe:/funcizt org/pageischnology-and-innouation-report-2027
" 'World Bank datz (Website). avaiable at hitps:/idata worldbank org/indicaternBF. BUR. TOTL £2¥locatione=IMN
<= Firetpost (2023), Indig’'s UP! i3 an excellent example of tech-boesting financal inctusion; IMFMD, Aveilable
=
ttps ! fwwwirsipost comiwerldindias-upe-s-an-excelient-example-of-tech-boocsting -financial-inclusion-imf-md- 12193692
el
= Foonomic Times (2023), How has UP uniesshed finanoial inclusion in India zince inception® Availsble at
https:[fofsl eoonomictimes indjatimes som/newsfintech/how-has-upi-unizashed-financizl-inclusion-in-indiz-gincs-incapho
nfO983 2053

o

Citlzen Impact
= Ministry of Science and Technoiooy (2022), Year-End Revisw -2022: DST, availabls here
Https:/foib gov.infPressReleasePage sspe P PRID=1886811
= Encsson (2023), Enosson Mobidity Repori, svallable at
tipe:/fwww ericseon com28dd9d/ass=te/localreporiz-papers mobility-reportidocuments/ 2023 enceson-mobility-report-
i Ne-2023 pdf
= Niti Agyog (2022, India's Booming Gig and Platform Econormy, avaitabie at
ttpsfwwwenin.gov.infsites/defzultfles2022-06/25th June Final: Report 27062022 pdf
= PRIB (2022}, MNRE Renewabis Energy inindiz, avaitlabls af
rttpsoib. gov. infFeaiuresDeatils seox?Noteld=151 14 18 Moduleld%20=26202
* BEC (2821), COP286: Indiz PM Narendra Modi pledges net zsro by 2070, available af
https:[fwww_bbo cominewsiworld-azia-india-59125143

Natlonal Prioritles
= DET (2020), SBcienos, Technology, and innowation Pelicy, available st
Https:fdet gov,in‘stes/defaultifilee/ETIP Doc_ 1.4 Dec2020.pdf
= DST {2020), Sciencs, Technology, and Innovation Policy, availatle at
tipe:/fdst. govanetes/defaultffilesBTIP_Doc_7.4 Dec2020.pdf
= DROO (Website), Mission Shaid, avalable 22 hitos:(fwww drdougov infmissior-shalkt
= Pregs information Bursaw, (2020], Minetny of Defenoe, DREO suocoessfully fhght tests Hypersomo
Technology Demonstrator Vehicle, availsbls at
Fitos:/fanew. pibigov.anPressRelzasePage as oy YPRID=1851956

ki

Annual Report 20271-2022, Department of Alomic Energy (Witps./idas oov infannusi-reports-of-dasl)
= Malfapaty (2020), India pushes bold ‘one nation, one subsoription’ jourmnal-access plan (Maiure), available at
https: [y nature comvarticles/dL 1586020027082

Start-up and Innovatlon

+ Mew York Times {2023), The Suronsing Strmver in the World's Space Business. avalabls st
https: [y nitirmes com2023/07 04 businessfindiz-spaoe-starups hmi

L Govemmernt of India, Startlp India websie, availabie at hitpe /v startupindiz.gov.n/

Achlevements In Space

EThe Hindy, (2023, Godre| Asrospacs has supplied oritical components for Chardrayaan- 3 mission

Fitpe: e thehindu com/newsinationaltamil-nadu/godrei-aercspace-has-gup plied-critical-components-for-chandraras

n-F-miscion/artioie8 7064881 ecefoa=D&cource—doosdusi=1691251802053900&usg=A0WanwSEBEVADIME



IDEX: Empowering Indlgenous Innovatlons In Defence
“ P8, DEX-DID signs 250th confract. 2023, avallable at

httpz:/pib. gov. n/FreceRelsseletaim ss o PPRID=1824173

%= PiB, =i Behancs in Defence Sector, 2022 ilable at

hitps:/fpitgov.am/PrezsHeleassPags aspxPRID=1882617

Indla’s Soaring Journey In the Drone Sector
“ PiB, Reform mezsures o promote Drones industry, 2022, availabls at
hitpsyfwew . pibogov. mPressReleasePage aspx PPRID=1881787

TP, Indisz dn':nr:-c— industry- & flight to transformation; 2023, avalable =t

https:{fwwwiipoLinfindiabusinssstrade/oiogs/indiaz-drone-industry-a-fighi-to-transiormation’

Weather and Natural Disaster Forecasting
* The Hindu {2023), Matural dizasters caussd 2 5 millkon internal displacements in India m 2022 report says,
available at:
hitos e thehindu som/news/nationslinawrsi-disasers-caused-23-milion-internai-chsolacements-in-indiz-in-2022-1=00
ri-zayc/aricie888852659 ece
#.PiB(2078), High Performancs Computing (HPC) Syetems Pratyush and Mihir, available at
h‘.tpst-'-"sis ooy infnewsitePrintRelease aspxfreiid=178348
=PIB {2022), Year-End Review -2022 Minigiry of Earth Sciences. available af:
‘hn:-a..--._.l:.g-:n in/PrezeReleacePage sopd?PRID=1886652

= PiB{zo18), High F'&r'c:rmaﬂc:n Computing IHF'C“,- Syvetems Pratyush and Mihir, available at:
hitos://pib.gov.in/newsits/PrintBeleass aspirelid=178348
= Timssof India (2022], Mes: Pratyush and Mitir, India’s two superoomputers emong the world's best, avalable at
hitpstmesofindia Indiatimes. comioadpgeis-news/ mest-pratyush-and-mir-indiss-iwo-sugercomputers-amang-the-world
s-bestfarticleshow/TES4341
= PiEH;DE:,: Year-End Hevisw -2022: Ministry of Earth Sciences, available at
httpz:pit. gov. inFreceRelsassPage ason 7PRID=1886632

I"!lt

= PiE~¢C-2;; Y¥ear-End Review -2022: Ministry of Earth Sciences, available at:
httpe://pib. gov.in/PrezeReleacsPage sep?PRID=1886652

=PRiB{2c2z), Year-End Review -2022: Ministry of Earth Sciences, available af
httoay/pib.goy . in/PrezsReleacePage asm"PFRID=1886652

= PiB{2022), Year-End Review -2022: Ministry of Earth Sciences, availabls st
hitps:/ipiD.gov.n/PressReleassPage aspx?FPRID=1886632

= Ministry of Earth Soiences websie, Semology and Geosoienoes. availabis at

hitps:/fwww. moes.gov.nfschemesfSaismology-and-Geosoiences
s PiEH;DE:,: Year-End Revisw -2022: Ministry of Earth Sciences, available at
httoe:[(pib. gov. inPreseRelsassPage. asoi PPRID=1886632

= PiB(2022), Year-End Review -2022: Ministry of Earth Sciences, available at-

httpe:/pib. gov. in/PreceReleasePage sepa?PRID=1886652

= Minietry of Earth Sciences, websids (2023), Indian Tsunami Early Warning Svsiem. available at;
httpsyfieunamiincois. gov.an/TEWS/dessop jep

= PFiB (2020); Indian Tsumam Early Wammg Centre 15 providing Tsurami Senvicss
Countriss: Dr. Harsh Vardhan, availabls at- hitps://pib. gov.n/PressRelsazePags gspx?PRID=1857421
= PIB(2022), Year-End Rewview -2022: Minisiry of Earth Soiences, available at:

hitpsyoib: gpov. in/PressReleassPage aspx?PRID=1886632

25 Indian Ogean

5

Natlonal Quantum MIisslon

© Lewiz, JA & Wood, Georgia, 2023, 'Quaniim Techrmology: Applicatiors and Implications’, Centrs for

Strateqio and International Stedies, httpe fiwww. ocsis.orgignalyvese/quantumi-technology-applications-and-implicebons
MAY 2023

% Dowling JP, Milburm GJ. Quantum technology: the second quantum reveolution. Philog Trans B Soo, Math

Phve Eng Sci. 2003;5361(1809):1655—74. hitps//doi.ong/ 10 1098/ reta 20031227




Natlonal Supercomputing Misslon

= Times of India (20207, Mest Pratyush and Mihir, India’s two supercomputers among the world's best,

availabls at
ttpsfomesoiindia ndiahmes:com/gedgets-nsws/mest-pratyush-and-mihir-indias-two-supercomputers-among-the-w

o

s-best/articlechow/TES434 10 oms
=P8 (2022). India evolving as fronfruniner-in high power computing, available st

Https:/foib gov.in/PrezsReleacePage aepo P PRID=1B00356#  ~ text = The%:20MNatonal 3205 uperoomputing % 20Miesion %2

veas, (MEN320as%20thee 20backbons
=PIB {2022); Inc."La sviohang as frontrumner in high power computing. availasle at
https:/pio.gov. iniPressReieaseFage sspx "PRID=1800356F -~1=xi = T he%20National % 205upercompuiing 3% 20MEsion %20
wag, (MNEMNI%20as%20the%:20backbone
= Department of Sciencs and Technology webpage |, 2023, Indias Al siperoompuisr Param Siddhi 63rd among
top BCO most powerful non-distributed computer systerms in the worid

tips:/fdst govanfindiae-g-supsrcomputsr-param-siddhi-&3rd-among-top-500-most-powerul-non-distributed-comouter
=PIB {2022); India evohang as frontrumner m high power computing, available at
https:/pio.gov. iniPressReieaseFage sspx "PRID=1800356F -~ 1= = T he%20National % 205upercompuiing 3% 20MEsion %20
wag, (NEMN%20as%20the%:20bsckbone

Natlonal Geospatlal Policy

™ Government of India, 2022, Nationa! Geospatia! Polioy, avalabls at
hitps:fwww-surveyofindiz gov. infwebroot'UserFilesfiissMNational s fGeospatal 3% 20 olioy. pof

™ Geospatial World (2022), Geospatial Artha: Indign Geospanal Indusiny Outlook 2022, gvailatls at

nttps
= Miristry of panchayati Raj (2027), Svamitva scheme (Webpage), availabls at
fttps://evamitva nic.in/svaritva_hmdi

W geospatraiworid netfconaditing/reporisizrtha-report-20227

ey

™ Press Information Bursau (2021), Prime Minister to launch PM GanShakt on 18th Cotober, available at
hitps:/fpib.gov.n/PressReleasePags aspu?PRID=176330

Artificlal Intelligence

™ Defintiornadopted from Enoyolopedis Briannica, What is AT (Webpags) svailabls at-

nitpe: e briannica.comifechnology/attificial-inisligenoe

™= Aooenture websils (2023) available at

hitps:/inewsroom. socenturs cominews/armcig-mielligencs-could-add-957-bilion-to-indian-economy-according-to-new-r

sgearoh-oy-acoeniare:him

Natlonal I'q.-'llsslun on Interdisciplinary Cyber-Physical System

= Prece Information Bureau (20718), httpe/pib.goy in/Precareleasechare acpx?PRIG=1554038

7 Press Information Bursau (2078), hitpe//pio.oov.in/Precerslegeeshare. azox TPRID=1054036

Advanced Materlals and Manufacturing
TEatY, Matonsi Strategy for Addimve "unanu acmring. 2022, avallabis at

L FoE Nt 4

https: fendeie sty oov infwritersaddatafiles/Addite% 20Manufactunino®% 20Booklet3 2014 02 2022 pdf

=PIB, One-giep laser-based fabrication of zelf-cieaning metaliic surfaces can help prevent rusting, 2020,
available at hitpe:/oib.gov inPressReiezesiframePage. asox 'PRID=1649932

= P|B, Powders from unused sorape matenais for repair of aers-sngine componenis, 2027, savailable at
hitps:/foib: gov n/PressHeleaselframePage aspr?PRID=1748582

# PIB. Naw techmigue of corrogion-registant mckel allay coatngs,. 2023, availgbls at

https:loib. gov. inPressRelessDatailm 2spw?PRID=7850228

=PIB, scleniiste develop noiion-reducing nanocomposite coatings, 2020, ayaiable ai

hitpe:foib: goviin/PreseReles=Detzilm zeo*PRID=16087 14

= 05T, India Country Status Beport on Hydrogen and Fuel Cells, 2020, avarlabls at

hitps:/f'eiabo. oib. gov nWnizReadDataiuseriizs/|ndia % 20C ouning3e 205 iatue % 20Heport % 200n % 20Hydrogen20and % 20

Mt =
Fusl320Cell odf



= Diagnostic sheldin matenal gualfied in'lndia: 2021, avsilable at. hitps:wivw tsrorgnewsline~<f3870

2 Carbon nanotubes: Applicstions in Afomic Energy. BARC Newsletter (Founder’s Day-Special issus) Cotober
{2817) Pp 38-21, avalable ai, hips: e barc gov.infbare nlf2017/spl201 7. pdf

= Bhabha Kavach: Tranzlational ressarch towards indipenization, availzble at

hitps:/finis jase orgisearchissarch. sepxfong g=AMN:337113672

= BARC s Bhabha Kavach will now protect the CiEF, aveilabls at.

httoe:(pib. gov. nPreseRelsaesPage asor 7PRID=18027E8

Energy

= Ministry of Coal, Government of India (20217, Nationa! Coal Gasrfication Migsion (100 MT Coal Gazification

by 2030) Migzion Dooument, availlsble at- hitps://ooal gov. ndsites/defaultfiles/nogminogma 1-08-21 . pdf

= PIB (2022),Cabmet approves India's Updated Mationally Setermined Contnbution 1o be commumicated 1o

the United Nations Framework Canvention on Climate Change, svalaole at

hittps:/ipib.gov. inPressBeleaseframePage asp?PRID=1547812

*=PIB (2023), "LIFE" - "Lifestyle for Enwironment’; key to combatng olimate change
https://pib.gov.in/PreseReleassframePage aspx "PRID=1908390# ~ texi=The R 20NDC . 20updaie T 20is55:20a the % 20UN
FCCC2:20in%2iNovembersa20Ed22

# Eoonomic Times {2023), “Modi's Amanirbhar Bharat push: India can achieve energy ndspendsnoe oy 2047 LS
Report. svailable at

httpz:/(sconomictimes, indiatimes comfindustiryrenswablesimodiz-atmanirohar-bharat-push-indig-can-achisve-snergy-ind
ependence-by-2047 -Ue-report/articleshoiw/28817 1 20.omsHrom=rridr

“MOPNG, Mational Polioy on Biofusis, 2018, avalable at,

https://mopng.gov.infilesfuploads/NATIONAL -POLICY ON SI0FUELS-2018 . pdf

= PiB (2918}, MMRE io get up 63,180 biogas plants in ourrent year undsr the National Biogas ang Manure

Management Programme (NBMMFP), available at httpe/pib.gov infnewsitaPrintRelease agprrelid=177871

Natlonal Green Hydrogen Mission

*=PB, Cabinet approves Mationa! Green Hydrogen Migzsion, 2023, available at
https:/fpiD.gov.n/PreseBeleassPage aspx?PRID=1888547

= PIB, National Hydrogen Mission, 2022, availabie at

httpz:/fatatic pib. gov. inWriteReadDataspeomicdoos/documents/20234an/doc 2023110150801 pdf
“Hindustan Times, India to mest climais goais. be oreen hydrogen hub: Modi on Independence Day, 2021,

available ai
hitos:/fwww hindustantimss comiindia-news/independence-day-2021-hydrogen-snergy-hub-solar-snergy-indis-climais—«

ale-modi-1016200120247 44 htm

“NITI Aayog, Harnessing Green Hydrogen, 2022, available at

Wil o inietes/defautfiles/ 2022-06/Hamsszing  Green Hydrogen V21_DIGITAL 29082022 pd
#PIB, Mations! Hydrogen Migsion, 2022, available’at

hitoe:ll

httpay/statio pib.gov infWrieReadDatalspec fiocdoos/doocuments 2022 maridoc 202532127201 pof

2 Invest India, India’s Gresn Hydrogen Policy, 2022, available at

https:/fwww, investindia. gov.nfteam-india-blogs/indias-gresn-hydrogen-polioy
“CMMNRE. B0 Roadmap for Green Hydrogen Ecosystern in India. 2023, avaiable at
httpz:imnré. goi.nma/decumenisfuplosdsffile 1688557917362 pdi

= NITH Asyog, Hamessing Green Hydrogen, 2022, availahis af

hitoa:Fersn it gov. indstes/defaultfilesi2022-06/Harnessing. Green_Hydrogen V21_DIGITAL 29082022 odf

Natlonal Bloenergy Programme
FEMMNRE, Administratiee gpproval for mpiementation of Biomass Programme onder the Umbrelia sohemes of
GE9197 487345 pdf

Mationst Biosnergy Programme; 2022, avallable st fttps/imnre.govon/imig/docursnts/uploadsffiis s~
*=PRIB, Achisving Astmanirbharia in Agriculture, 2022, availsbls at

httpay/pib.gov. in/FeaturesDeatils asp*Nolsid=151 1858 Modulelds20=3:202

4 MNBRE website, Bioenergy, available gt htos:/mnre_gov nmio-energy/ourrent-statis

"=CPCE Annual Report 2020-21, availabls at

hitps:/fopob.nic. misoenpdifie:php Yid =UmVwb30Rmie WM T e 182N LS MzUENZod 21 EGihoGhed GaxdjQ3MS 5w

GY¥=




= LUNEP-Climate Action, available at httpefwew unsp.org/sxplore-topice/olimate-agtion
"“=ICRIER, Solid Wasie Manag=ment in india An Azsesement of Resource Recovery and Enwrz:urlrnerr-,a
Impact, 2018, auallaﬂle at-httosfwwww.econsior euoiisireany 104 19/2036820M1 /1018589627 .od
*“intematonal Ensrgy Agenoy, India Ensrgy Outlook 2021, 2021, availabls at
https:iea blob core windows net/assets/1de6dS1e-e237-4=02-b1Th-51fdd8283b22India_Energy_ Outlook_2021.0

S hint, Stubble burning share nees fo 26% i Delhi's paollution, 2022, avalable =t

tos:/www Ivemint. com/news/india’stunble-ourning-share-nesss-to-26-in-dethi-s-gofiution-agi-points-severe- 171667 13122
2272 himi

"EMMRE websre. Bioenergy, available at hitosfmnre.gov.in/bio-energy/ocurrent-gtatus

Natlonal Coal Gaslficatlon Misslon

"“PIB (2022), Year End Review 2020- Mimatry of Coal availabls atr
hitps:/fpio. gov. niFresereleassshare aspr?PRID=16850588 ~ text=Ind1a%: 20has 5 20the S 20htth 2o 20iargsst exploration
20and ¥ 20exploitation?: 20020 BM
"2 hinising of Coal, Govermment of Indis (2021), Nafional Coal Gasfioation Mission (100 MT Coal Gasihioation
by-2030) Mizsion Document, available at Attps/ooal govinsites/defauitfiles/noomincom21-08-21 pdf
“ERB (20209, India aime o achigve 100 MT coal gasification farget by 2030; Pralbad Jozh,

tips:/foib. gov.iniPresereleaseshare 2eo " PRID=168300968 ~ text=Indig2e20aima % 200 % 20achieve®: 20100 1arpet3e 200y
26202030534 % 20Pral had %20 oehifiesd = Indria%20amme % 20f0r%: 267 002 20million, Minister® 200i%20C0al %20and %.20M
nes

“Ministry of Coal Inpuss, 2023

Development of Solar Parks and Ultra Mega Solar Power Projects

":F|B, Cabinet approves India's UNDE, 2022, avallablis at

hitos:/foib: gov n/PressHeleaselframePage asp?PRID=1847812

"SMMRE Annual Report 2022-2023, avsilable at httpa/imnre gov in/imo/documente/upnloadsfiis 5~ 1683052362708 pdf

"_FIE'.. Eztablishment of Solar Parks, 2023, available at httpsfpib.goy ln'I-'re,e;F!eEa;eFagE.aE.{:x"-'DﬁlD:*: SOT 702
Statista, Solar energy capaoity in lndia from 2009 to 2022, avalzble at hitosdwww statistz com/

P16, PM to dedicate to the nation the 750 MW Hewsa Solar Project, 2020, available at

hitps:/foib: gov n/PressHelesslstal aspx PFPRID=16375

= Ths World Bank, 60% of Dalhi Metro now powersd by solar ensrgy from Madhys Pradesh, 2019, available
gt hitoe ot wioridbank orglien/mewsfeaiure/205 90605 defv-metro-goes-solar

= PB. G20 Delegates vist Pavagada Solar Park, Kamataka, 2023, available at
hittps:/pio.gov.iniPressReleasePage sspxPRID=1897 1 46

= Government of Kamataka website, Solar Parlc guailable at httpe:[fumkur. nicanfen/solar-park/

*='\Worid Bank Blogs, Solar energy o bring jobe and prosperity baok to parched '.'l'Iage.;. 2015, available af
nttps:/fologs. worldbank orglenergy/solar-enargy-bnng-iobe-and-prospent~baci-parched-villages-india
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Indla’s Nuclear Power Program: From Sclence to Self-Rellance
"**Press Information Bureau, 20th December 2023, Government has inmiated sisps to norease the nuclear power
capasy T [ to 22480 MW by 2031 '1”'. sa,u Unizn Mimister Dr Jitendra Singh, Available at:

ca iy from 7450 MW

tipe:/ioitg in/FrecsHeleasslira g Es0NT i &3 unite converted from Millior Be it == Talu
hitpe:fpib.govanP eleasslframePage aspx?FRID=1988883; unite converted from Million units to TWh In sscond
reference.

“FGovernment Of Indig Depariment Of Atormic Energy Rapya Sabha Unstarred Cuestion Mo, 3206 To Be Answered On
37.03.2022 Uranium &z Fuel For Nuclear Reaciors, availsbis at

ttpssansad infgeiFisfannex 256/ 4 LI8206 pdfYsource=paars

TE ..|'\_r5 .'.'.'ulr.\li.-.lll. s LI n:-ﬁ_ LI '\_r...- ﬁi E ':r Ly _lnn = — LN —.|-_ .: a1 'E:

Ehitn bbc.comfutur als 1018-why-indig-wante-io-iurn-its-oeaches-into-nuclesr-fu

pe fidata dae gowinNuclear cnsrg;v'-'sa-g’.-cafz-'ﬂ: 2/Chapter®%e20-%2001 pof

“hittpe fpib.gov.in/PressReleassiframePage zs o ¥PRID=12875385

““Pregz |nfermation Buresy, 26th July 2077, Government of India Deparment of Atomic Energy, Fast Bresder Reastors

avalable at: hitpsfpib.gov.in/newsiePriniRslease aspufrelid=163052

“rrom Department of Atormio Energy Inpuis to the Office of the Principal Scientific Adviser 1o the Government of India.
R Vijayan, V. Shivakurmar, 5. Basu, R.K Sinha, 2017, Rote of thorium inthe indian nuclear power programme
Progress in Nuclear Energy, Volume 107, Part A, Pages 43-52, IS5N 0142-1970,

ttpe:/fdoiorgf 0. 10167, prucene. 2017, 02.005.



=Niavan, P, Shvakumar, V., Basu, 5., & Sinha, B.K. (20717). Role of thonum i the Indian nuciear powsr programms.
Progresa in Nuolear Energy. 101{Partd), 43-52. doi1610161onuoens201 702003
“EDepartment of Atomic Energy inputs to the Office of the Principal Scisntific Adviser to the Government of India.
Houriry Muclsar Power Profiles. Indiz, Htos: fonpo iasa orgfoouniryprofdes/Indiandiahim, ‘acosssed on 28th
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coembeT 2023

“=ESpience Acoesg (2015), 5 Great inventions Found Through Bastc Ressarch, avallatls at
httos:/fscisnceaces wordoress icom/20151117/5-gregt-inventicna-found-through-basic-rezsarch
% Soienoe Accest (2015), § Great Inventions Found Through Basic Research, available-at

https:{/esienceaces wordpress.com!267 571 1717/ G-great-inventions-found-through-basic-ressarch/

Deep Ocean Misslon

Fnted Mations Website (2023], avallable at httpg: /isdos un.org/ooaisiposils

2 Busziness Standard (2022), Samudrayvaan: India’s first mission to send humans 6,000 metre deep in cosan, availzbls

=r e = Tan Il = e e Tt Tt EE T i
slourrent-affairs/zamud yaan-incia-s-Tirs-r anned-mission-io-senc-humans-8k-

v business-standard comyartic

m-deep-in-coean- 122080680776 7.hm

Laser Interferometer Gravitational-Wave Observatory — LIGO
== |LG0 Caliech, Website, availabieat https /www lipo caltech edu/pagsiliposindia

W IG0 Caltech, Website, available at hitps.fwaew igo cattech edufpageiigo-india

Indla Stack: Digltal Public Infrastructure of the 21st Century

M NPCH 2023, Twitter, hitpsiitwiter.comMEPC|_MPC I siatus/167909217 14653433089

“*Momeyoontral, 2023, BEoonormic Survey 20231 UP| acoounted for 529 of India’s total digial fransasctions in FY28
httossfeasw monevoonicol cominews/ousinessisoonomic-sunssy-2023-upiFaccounted-for-2-of-indias-total-diptal-tranzan
frone-in-fy22-29707 41 himf

“=Press Information Bureau, 2022, 152.5 crore Aadhaar authentications dons in July 2022

““Forbes (2023), How OCEN Is Democratimng Credit Access In India

“=World Bank data (Webarfe), availlzble at hitosdatz woridbarnk crofindicator/BF AURTOTL 28 7iocatonz=IM

4G Indla - Caiching up, polsed for a lead

= weermint (2038), The cunous ozze of nging elecironic imports, available at

hitos:/fwwew livemint. com/Moneyvulmdsgvy C2Wo DMGMzZL nN/The-curious-cass-of-rising-slectronio-
imports:himl

7 The Financiz! Express (2022), BSNL completes proof of conospt tnals for indigenous 4G network with TCS

finanoizlsxprass comilifetechnology-bani-comoleies-oroof-cf-conceni-inals-for-indigenous-4 g-nabwork-with-

2 The Financial Express{2023), TCE bage Fe 15,000 crore order framy BSML for 4G deplayment across India

wiy finanoiglexpress comyimdustnyfice-oags-rs- 15000-crore-ordsr-from-benl-ior-2g-deploymeni-across-indig 3096

*Times of india (2223}, Mobite manuiactunrg in Indiz crossed 31 crors unigs - 2022-23 FM duning Union

Budget hittpsSmesofindia ndistimes_comipadosis-news/moblle-manufacturing-in-india-crossad-3 1 -crore-units-

in-2022-23m-during-unich-budgetisricleshow/87 519283 ome
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Indla’s 5G Journey
== Government of India (Weboags), India's Chwn 5G Techmology — 56, availabls at
hitps:fwwew ntiort:govoan/pdifigemZg/all_about Indize own 55 oslied 5Gipd!

Natlonal Broadband Mission

= Uvemnint {26719), Back Govt launches Nabonal Broadband Mission; to invest 37 tnlfion in £ years
it/ w Ivemint.cominewsindiaigovi-launches-national-broadband-mizeion-to-inyvess-re-7-nllon-in-4-years-1 157658




%= Department of Telsoommunications (2012), National Broadband Mission booklet,
ht_'.:a (idot. gov.nieites/defauttfilesMatonal%20Breadbandst 20Micsion% 20-%20Bookiet 0. pdffdownicad=1
== Department of Telecommunications (2612), Nabonal Broadband Miszion booklst,

o N

iiesMational®20Broadband®% 20Mission %2055 20Booklet_D.pdfidownicad=1

PM Gatl Shaktl Natlonal Master Plan
% What is PM Gati Bhaki Master Plan? - Buginess Standard
"= Prese Information Bureau (2021), hitps/fpib.gov.in/PreseRelsasePaps aspx"PRID=1763207

rttoa-//dot. gov in'sites/d=fa

Waste to Wealth

= Invest Indiz (Webopage), Wasie to Wealth, available at htpa:/fwww investindia gov mfwasie-to-wealh

=PiB, Mimsiry of Environment, Forest and Chmate Change (2018), 'Solid Wasts Mansgement Rules Renzed
After 76 Years: Rules Mow Extsnd 1o Urban and Indusirial Areas’, availzble at
|1r:;:s.:.'.-!:.-;' . g0V mimewste printrelease aspxfrelid=133597

*= The Office of Principat Scientfio-Advisor o the Govemment of Indiz Webpage, Waste to Wesalth. avatiable
at hitpa:{fwww . oea gov.infmiscioniwasie-weaiih/38

2 lnvest Indiz (Webpage), Waste to Wealth, available at htps:fwww investindiz gov miwasie-to-wealth
== Inyest Indiz (Webpage), Wasie 10 Wealth, available at hitps /fwwwinvestindia gov. infwasieto-wealih
*# The Office of Principal Soientific Advisor to the Government of India (Webosaoe), available at
https:/fwerw wasistowealth. gov mivalidated-technologres-isting

“= The Office of Pnncipal Soientfic Advisor to the Govemment of India (Webpage), available at

Ros v westetoweaith. gov nfchalienge-lising

ihe Office of Prnoipa! Soientific Adwvisor to the Govermment of India (Webpage), availsble at

hittoe: /e wastetoweaith gov inffellcwship-homs

" Waste to Weslth (Webpags),

hitos:/fwww. wasietowealth gov infsuocess-slones/semi-auiomatic-waste-ssgregation-kasturba-dhalao

“Ehitos:pio.gov.in/PrassReleassPape GapxPPRID=1921584

Agriculture, Llvestock and Blotechnology

“# PIB (2022). Achisving Aatmanirchartz in-Agriculture, avarllabls at

https://pib. gov_ niFeaturssDestls aspx TMNoteld=1511858Moduleld%30=%202
*% PIB (2022). Achisving Aatmanirohariz’in Agnculiure, avarlable at

rttoa//pib.gov inFeaturesDeaiis aspxMNotsld=1611858Modulsid®20=35202

"2 Unried Nations (2023) UN D:E‘;.ﬁ- Policy Brief No. 153: Indiz overtakes China as the world's most populous
country, availaole at

https:/fwerw.un.orgidevelopment/dess/dpad/publigation/un-desa-oolioy-brief-no- 153 ndiz-overskes-ohma-as-the-w

MROET-D0DUIOUE-COunTy,

& Strategio Investment Rsssarch Uni, Invest India (2022), Indian Agriculturs; Investments and Achisvemenis, avallable

at mitpefwww o rvestindiz govinffeam-india-biogefindian-agriculure-investmenis-and-achisvements
* Geogpatial Artha (2022), Indian Geospatial industry CQutlook Report, available at
httos:/fwww. gecspatiatworld net/consulting/reporis/artha-report-20227
" Mimisiry of Agriocutture and Famrmers Welfars (2021): Achisving Atmanirbharts in agniculturs, avasilable at
i_-":EE'..._, b oo anifFeaturesDeatils agpsx TMoisld=1511858Meoduleid®20="0202
{

= Al infarmation below acoezsed from - Invest India (2022), Indizn Agriouiiurs. Invesiments and
Achievements, svailable at
https:/fwerw investindia. oov. infisam-ndia-tlogs/indian-agnoulture-imvestments-and-achisvements
= Mimstry of &gncuiture and Famers We!fare {2021): Achisving Atmaniroharta in agriculturs. avaitable at
rttoe:pio oovanfFeaturesDeatils agpxTMoisld=1511858Meodulsid®20="0202

Aroma Misslon
= CEIR (2078) Aroma Mizzion Boaklet, avaldbls at

http;/fzromaiim.res.n/wp-content/uploads/2013/08/ 4roma-Mizszion-Bookist-2018. pdf

7= S8R (Webpape), C51R Aroma Miszion: Catalyzing Rural Empowsrment ihfough Cultvation. Value Addition'and

Marketing of Aromaiic Plants, avaikeble at hitpe!fim.res infcsir-aroma-migaion)

e
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= LEIR (Webpage), About CSiR-Arorma Mizaon Phiase || avalable st httpfaroma, iim res infabout-us!

7 CSIR {Webpage), Aroma Phase | sucosss story. availabie at hitp:/faroma mim res mjaroma-phase--sUooeRs-810)
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CSiR (Webpape), Aroma Phase | success story, available at hitp{faroma wim.res infaroma-phase--5u

Health

7= Centre for Dissace Control website {2023), available at:
https:/
IR Io%20intecticus ™ 20dissasss

"5 PIB {2022), Status-of IMA and MMR in Iridia, avaiable &t

https://pib. gov. in/PrezsReleacelitamePage aspx"PRID=1T98436# ~ fexi=Sc%20perte 20the® 203 ample® 20 Registration

hiL.odoToundation.orgiwhat-pubiic-heahh# ~tex=Public%e20healih%: 2018 % 20ihe3 20eciencs, and3e 20respondin

a1

N3%202071 9% 20at720NationaiFe20L svel

= Pi8 (2022), Significant Deoline in Matsrnal Morizhiy in India, aveilabls at

hitps:foib: gov. iniFestureeDeatiz aspxPNotsid=1512588Moduisid % 20=%202

= PIB {2022, veraps life expectancy &t birth improved by 20 vears:'an inoreass in sg2 from 49.7 {1970-T5) o 887
{2015-19) has been registered, available atmitpe {ipio.oov n/Pressreleaseshars: asox FPRID=1845075

Indla’s Vacclne Story

“= Bighter (2015}, A disoussion of vaccines, “the single maost [fe-saving innovation ever in the history of medicing”
avalable at: hitpsfscopeblog stanford edu/2005/02/10fa-disoussion-of-vaocoines-the-snpgle-mast-ife-gawving-medical-
InnovzEiicn-ever-m-ine-histong-oi-medicine/

"2 Toor )., atal (2021) Lives saved with vacoination for 10 pethogens aoross 112 oourntries in & presCOVID-19
worldelife 10:e67635. httpo:[doLorng/10. 7554/elfe 67635

= The Hindu (2021, Indiz supplies nearly 80% of vaooines used worlowide: Nirmala Sithararman, available
arhttpe:timesoiindiz indiatimes comfindia/indig-is-ths-worids-largest-producer-of-vacocines-sc-why-s-shorage-todayiar
cleshow/8201 5420 omet~ 1ex=10%20this % 2Cpoint-. | ndia S 2012 % 20the % 2 Dwarldds# 35 5% 20largesi% 20oroducer . 26al
20vacoines fori2Dite % 20plobalse20haeaiths 20programimes

*# Ministry of Health and Family Welfare, Universal |mimunization Program, availsble at

https:/mainmobbw govinfeites/defaultfiles /5628564 7835623 15.pdf

= PIB (20716), India fehotatsd for Matemal and Neonats! Tetanus Elimmaton (MNTE) and yaws-free status Indis: firat
naticn to be formally acknowledgsd to be yvaws-fres “oroud moment for India to have achieved these two momentous
public health milestones™: & P Madda, svailabie at:

httpz:/pib. gov. nnewsie/PrintRelegss seoxfrelbd=147005%: ~ texd=India 2 20oocmplsied % 20validdton 32
Oof%e20maternal maiemaleland e 20neomaia % 20siminaton e 20status

= Ministry of Health and Family Weliare, Website, Univerza! Immunization Program, available at;

https://main.mohfw.gov infares/defauitfiea/Unversal pdf

= United Nations Development Program, websie, avaitable at

hitpsfevewr undooorg/oclog/bulding-deyvelopmeant-orogramme-worke-three-igzsonz-evin

¥ Glase Rl Tate JE, Jiang B, Paraghar U. The Rotavirus Vaccine Story: From Dizcovery to the Bverntial Caontrol of
Rotavirus Digease. J Infect Dhe. 2027 Sep 30224072 Suppl 2):8331-3342 dor 10.1093/infdis/iaab23 PMID: 34620142,
PMCID: PMCB252027

“ Minstry of Health and Family Welfars, NATIONAL OPERATIONAL GUIDELINES 2017, Introduction of Pneumococoal
Conjugate Vaooine, svailabie at:

httoe:inhmigov. inMew_Updsies 2018/MNHM_Components/immunization/Guldelines for immunizationfOperational Gued
elines_for, PCV_introduation. pdf

% Vaghightha and Bamachandran, 2015, INDIAN PEDIATRICS 837 VOLUME 52, avallable at

https: v indianpediainice.netfoct20N5/837 pdf

"= Gatal and Garciz, 2023 Building 2 home-grown: biopharma - sector n developing countries: The cass of India. available
=i

https:biogs worldbani org/endpovertyinaouthasiaoulding-home-grown-biopharma-sector-developing-oountriss-0ase-in
dia

= \Watson O, et.al 2022, Global impaoct of the first yesr of COVID-12 vaccmation: 8 mathematica! modsiling study, The
Lanoet Infectious: Digeases. VOLUME 22 I53LUE 9, P1293-13C2, DO httos:/idororg/10.7016/51473-5099{2200320-6

& PIB (2023). Onuoron-spacific mANA-Dazed Boogier vacoins developed using the indigencus
plaiformy technology, avaitable gt kittos:'pib.gov.nPrescReleasePage acpx"PRID=1333536

== PiB {2021, PIB S BULLETIMN ON COVID-19, avalable on

hitpayfpib.gov . in/PrezsReleace framePape aspe?PRID=AT 19527
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