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Foreword

Innovation largely happens in firms. Firms invest in R&D. The returns on investment in R&D is visible in the growth trajectories
of firms. Korean and Chinese firms have often used their demanding buyers overseas for technology that made them world
competitive. By way of comparison, many of our large Indian firms are just as profitable as their international peers; they just
invest little in R&D.

Where do the next big opportunities for Indian industry lie? The global industrial R&D landscape is changing. Funding cuts in the
United States, widespread pressure on immigration and shifting geopolitical priorities provide Indian firms with an opportunity
to become more competitive and attract Indian talent back.

What stops Indian firms from investing in house R&D? Are Indian firms followers or leaders? This inaugural edition of the CTIER
Innovation Report seeks to provide an understanding of where top Indian R&D firms stand relative to their global peers across

a number of indicators such as profitability, R&D intensity, exports and patents. We seek to understand how firms are adopting
digital technologies across the value chain, including the use of Al. We highlight the opportunities and risks that firms face as a
result of blurring industry boundaries. We identify key technologies being worked on for a more sustainable future. And we point
to the lessons that the hiring practices of global R&D firms offer Indian firms, both in terms of diversity of roles and diversity in
talent.

The potential of our firms to lead in technology is real. | hope the report offers valuable insights for industry leaders considering
areas where Indian industry can lead and how we can become more competitive through an increased focus on R&D, digital
adoption across the value chain and nurturing multidisciplinary R&D teams.

Naushad Forbes
Chairman CTIER, Co-Chairman Forbes Marshall, Past President ClI

Pune, July 2025
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he global economy today faces significant

uncertainty, on the trade front due to tariff

announcements in the US in April 2025, and

continuing geopolitical tensions in several
parts of the world. The April 2025 World Economic Outlook
by the International Monetary Fund expects global growth to
come in at around 2.8 per cent in 2025 and around 3 per cent
in 2026, compared to 3.3 per cent in 2024. Several forecasts
across economies have been downgraded from earlier
estimates on account of the concerns surrounding global
trade. Growth in the US is expected to come in at 1.8 per cent
in 2025, while China and India are expected to grow at 4 per
cent and 6.2 per cent respectively.

As countries adjust to the tariff announcements out
of the US, new rules of engagement are being worked out
between countries while trade negotiations that have been
in the pipeline for a number of years are being fast tracked,
such as the recently announced FTA between India and the
UK. While there have been concerns for some time about
countries moving away from a ‘rules-based order’ in global
politics and economics, the US tariff announcements seem
to have provided it an official tone. A blog piece by the IMF’s
Economic Counsellor and Director of Research, Pierre-Olivier
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Gourinchas mentions that the ‘global economic system
under which most countries have operated for the last 80
years is being reset, ushering the world into a new era’, while
the Singapore Prime Minister in a speech on 8 April 2025
said, “The recent “Liberation Day” tariff announcements by
the US confirms this stark reality: the era of rules-based
globalisation and free trade is over.”

For Indian industry, the uncertainty posed by the tariff
announcements and geopolitical tensions add another
layer of complexity to the disruptions being caused by the
rapid pace of technological change underway globally.

To understand the competition that Indian firms face in

the midst of a changing global industrial R&D landscape,
consider Figure 1. The global push in AI/ML etc. is reflected in
the significant jump in R&D spending in the global software
& computer services sector. It is now the top ranked global
sector as seenin Figure 1, with spending on R&D having
increased from USD 86 billion in 2015, when it was ranked
fourth, to USD 256 billion in 2022.
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Figure 1: Structure of Global Industrial R&D
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The global industrial R&D landscape is undergoing a
fundamental shift, driven by the convergence of traditionally
distinct industries, rapid advancements in Al and an
increased focus on sustainability. This shift presents
opportunities and challenges. To take advantage and combat
any challenges this shift poses, Indian industry would need
to increase its competitiveness significantly by increasing
its investments in R&D and innovation, building the right
capabilities, focusing on newer skills and talent, fostering
interdisciplinary collaborations and preparing for competition
that may no longer come solely from within their traditional
sectors.

Followers or leaders?

The purpose of this report is to understand where
top Indian R&D firms stand relative to their global peers
across indicators such as profitability, R&D intensity,
exports, patents; understand how firms are adopting digital
technologies across the value chain including the use of
Al; highlight the opportunities and risks that firms face
as aresult of blurring industry boundaries; identify key
technologies being worked on for a more sustainable future;
and the lessons that hiring practices of global R&D firms

()
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offer Indian firms, in terms of diversity of roles and diversity
in talent. Ultimately this report aims to identify areas where
Indian industry has the potential to lead and how it should
boost its competitiveness through an increased focus on
R&D, digital adoption across the value chain and nurturing
multidisciplinary R&D teams.

For this report, we have considered data for 119 leading
R&D firms across the top 10 sectors for India. We have also
considered data for 100 global R&D firms across the same
sectors. We have referred to various publicly available
sources such as annual reports, investor presentations,
company websites, earnings calls and press releases to
extract all the relevant information that form the basis of
the analysis in the subsequent chapters. We also extracted
data from private databases for three years to FY2023 and
had interactions on email or in person with around 40 top
Indian R&D firms. These 40 firms have either participated in
a survey that we conducted for this report or have provided
insights on their R&D capabilities during the course of the
‘Transforming R&D in Indian Firms’ programmes?® and other
industry closed door roundtable discussions.



Figure 2: Universe of Data Analysis
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State of R&D and innovation in Indian industry

India’s top R&D spenders are fairly profitable by
international standards. There are 7 sectors where
the top Indian R&D spenders have higher profit

as a per cent of sales compared to their global
counterparts but have significantly lower R&D

intensity.

Besides the software & computer services and
pharmaceuticals & biotechnology sectors that have
a high share of exports in total sales, other sectors
are largely domestic focused despite presence in the

international market.

Indian firms must increase their investments in R&D
to become globally competitive and contribute to

boosting India’s high technology exports.

Indian firms are starting to adopt digital technologies
across the value chain by leveraging all the

unstructured data they have collected over the years.

Indian firms are employing digital technologies to
address lapses in the production process, forecast
demand, identify maintenance needs and improve

customer interactions.

Indian firms are leveraging Al for quality control,
understanding customer preferences and improving

productivity.

AR/VR is being used by Indian firms for customer

engagement and employee training.

loT is being used by Indian firms for machine health

monitoring and is being integrated into products.



Digital twins are being used by Indian firms for
prescriptive analytics and to provide customers with

product insights.

The adoption of technologies like blockchain and
quantum computing is at a nascent stage in Indian

industry.

The effort around Al-powered drug discovery appears
to be led by software firms. Given the service oriented
nature of Indian software firms, much of the work in
Al-powered drug discovery pertains to services in

identifying molecules.

Boundaries that once clearly separated sectors such
as pharmaceuticals, software, automotive and energy
are dissolving as software firms lead Al-powered

drug discovery and autonomous vehicles, while oil &

gas companies venture into lithium extraction. The
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blurring of industry boundaries not only presents
new opportunities for Indian firms but also potential

threats to incumbent firms across sectors.

There is an opportunity for Indian pharmaceutical
firms to be bold and ambitious by leveraging the
strengths of the Indian software industry for the

adoption of digital technologies and integration of Al.

Autonomous vehicles is a technology area that is
expected to see significant growth by 2030. The
absence of regulation for autonomous vehicles

in India means wider adoption of this technology

is unlikely for some time. Indian software and
automobile firms could explore joint opportunities in
autonomous venhicle technology and target markets
with more favourable regulation where adoption
rates are expected to be high like China, Europe,
Japan and the US.
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® The world is moving towards a sustainable future.
Alternate batteries such as aluminium air batteries,
sodium ion and zinc ion batteries are some of the key
technologies that are likely to aid in this move and
areas where India could lead. Indian firms are already

working in these areas.

® |ndian firms must build capabilities to complement
their R&D spending, leading to an increase in their
innovation output and in turn the Indian economy.
To build truly effective R&D teams would require
drawing individuals from science, technology and
the humanities with capabilities that range from
understanding market dynamics and competition to

managing IP and anticipating future trends.






fIndia has to see high economic growth of 8 to

10 per cent over the next two decades to cross

the USD 20 trillion mark and become globally

competitive in technology, Indian industry would
need to lead the way.

To navigate the rapidly changing global industrial
R&D landscape and be better prepared for the increased
competition going forward, Indian industry would need to
significantly increase its investment in R&D and innovation.
The total expenditure on R&D by Indian industry in FY2023
was USD 7.4 billion. This was less than a fifth of what
Alphabet as a single firm spent on R&D. While investments
in industrial R&D have been increasing over the years, it
has taken over a decade to double the investment from
USD 3.7 billion in FY2011 to USD 7.4 billion in FY2023. Indian
industry’s share in national R&D remains low at around 40
per cent.* The Indian government continues to be the largest
spender on R&D. India is an outlier compared to economies
like the US and China that dominate the global technology
landscape, where national R&D investments are led by their
respective industries. The first step for Indian industry
would be to correct this and increase its share in national
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R&D investments. The increased investments in R&D by
Indian industry should be used to accelerate the adoption
of digital technologies, pursue emerging global technology
opportunities and invest in building multidisciplinary R&D
teams.

The structure of industrial R&D
in India differs vastly from the
world

India’s industrial R&D spending is dominated by the
pharmaceuticals & biotechnology and automobiles & parts
sector. These two sectors account for over 50 per cent of
industrial R&D in India, whereas globally as we have seen in
Figure 1, the top 3 sectors - software & computer services,
pharmaceuticals & biotechnology and technology hardware
& equipment - account for over 50 per cent of industrial R&D.
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Indian firms are profitable but
not investing enough of their
profits in R&D

India’s top R&D spenders on average are fairly profitable
compared to their global counterparts. We considered 84 top
R&D spenders across Indian’s top 10 industrial R&D sectors.

There were 5 sectors that had a representation of 10 firms each.

For the remaining 5 sectors, the distribution of the 34 firms

was as follows: oil & gas had 7, software & computer services
had 9, aerospace & defence had 5, electronic & electrical
equipment had 5 and food producers had 8 firms. These 84
firms accounted for over 60 per cent of industrial R&D spending
in FY2023. As seen in Figure 4, besides the pharmaceuticals &
biotechnology, oil & gas and the industrial engineering sector,
firms in the remaining 7 sectors had a higher profit as a per cent
of sales on average compared to the top global R&D firms.

Indian firms do not invest enough of their profits on
R&D. When one compares the average R&D spend as a share
of profits for the three years to FY2023, there is alarge gap
between the share of spend for the global firms compared
to Indian firms for 9 of the sectors. For example, in some of
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our top R&D sectors like automobiles & parts, Indian firms on
average invested just 30.8 per cent of their profits on R&D
compared to around 85 per cent for the top global firms. In

the software & computer services sector, Indian firms spent
just 3.6 per cent of their profits on R&D, while globally this was
around 49 per cent. The low level of spending on R&D by most
Indian firms is also reflected in the low R&D intensity compared
to the global firms for most sectors.

Indian firms need to tap more
into global markets

Apart from the software & computer services and
pharmaceuticals & biotechnology sectors that have a high
share of exports in overall sales, the other top R&D sectors
appear to be largely domestic focussed. For these other top
R&D sectors, the share of exports in sales range from 2.5 per
cent for aerospace & defence to 33.5 per cent for chemicals
as seenin Table 1. While several sectors are presentina
number of international markets, they must look to grow their
presence in these markets and become more competitive
through a sustained focus on innovation. They must capitalise
on their international presence to learn from buyers in these
markets and upgrade their technology offerings.

@)
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Table 1: Exports as a Share of Sales and International

Markets Served

Exports as
Sector a Share of
Sales
Pharmaceutlcals & 64.4
Biotechnology
Automobiles & Parts n7
Oil & Gas 14.1
Softyvare & Computer 953
Services
Aerospace & Defence 25
Industrial Engineering 17.5
Chemicals 33.5
Industrial Metals & Mining 14.1
Electronic & Electrical
. 8.9
Equipment
Food Producers 4

Number of
International
Markets Served
80

61
26

47

7
68
46
20

51

22

Source: Annual Reports (various years) of Indian Companies; Prowess, data

downloaded in October 2024

Note: Based on data for 84 Indian firms
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Indian firms must gain a better
understanding of intellectual
property management

Over the three years to FY2023, the patents granted
abroad to the top R&D firms in the pharmaceuticals &
biotechnology sector, software & computer services sector,
oil & gas sector and the chemicals sector have outnumbered
the patents granted by the Indian patent office. In the case
of the automobiles & parts sector, there is a higher number of
patents that the firms have obtained from the Indian patent
office over the same period compared to the patents granted
abroad. The patents that were granted abroad to the 84
firms across the 10 sectors accounted for around 12 per cent
of total patents granted abroad to residents in India. The
patents granted by the Indian patent office to these firms
accounted for less than 5 per cent of total patents granted

by the Indian patent office in the three years to FY2023.



Table 2: Patents Granted in India and Abroad for top Indian
R&D Firms

Total Patents Total Patents

Sector Grantgd '™ Granted Abroad
India
Pharmaceutlcals & 172 408
Biotechnology
Automobiles & Parts 1305 263
Oil & Gas 395 484
Softyvare & Computer 906 1640
Services
Aerospace & Defence 95 0
Industrial Engineering 780 20
Chemicals 168 328
Industrial Metals & Mining 458 51
Elegtronlc & Electrical 58 6
Equipment
Food Producers 6 2

Source: XLSCOUT, data downloaded in October 2024

Note: Figures are based on patents granted cumulatively from FY2020-21 to FY2022-23
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Much of the patents granted abroad to Indian residents
are likely being granted to MNC R&D centres that have a
presence in India, while the patents granted by the Indian

patent office would be largely to non resident patentees.

There is a need for greater awareness in Indian industry
about the role and uses of Intellectual Property (IP) not only
from a protection standpoint, but also in its potential for
revenue generation. It is plausible that firms are using various
mechanisms to protect their IP, such as patents, secrecy and
even controlling their distributor channels. However, given
the rapid changes in technology and the blurring of industry
boundaries, it would be increasingly important for firms to
protect their IP through patents, especially when competing
globally, and scout for opportunities to monetise their IP. This
could be through licensing agreements with firms across

sectors, or through the creation of spinouts.



Realising India’s R&D ambitons

The top Indian R&D spenders are profitable by
international standards. They must now increase their
investments in R&D and become globally competitive. India’s
high technology exports as a share of manufactured exports
was 12.5 per cent in 2022.“ This is low when compared to
the US and China, where the share is around 20 per cent.
Increasing firm investments in R&D will contribute to boosting
India’s high technology exports. There is a need for firms
to gain a more robust understanding around intellectual
property management. This will open up newer opportunities
for revenue generation firms and potentially help in the

creation of new business ventures.

Indian industry must capitalise on its strengths in
pharmaceuticals & biotechnology, automobiles & parts
and software & computer services. It must continue to
grow capabilities in sectors like aerospace & defence
and electronic & electrical equipment. It must seek new

opportunities in sectors like healthcare equipment &
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services where there is clear domestic demand. As we

shall see in the chapter on Disruptive Trends in Industrial
R&D, there are opportunities in Al-powered drug discovery,
alternate batteries or even autonomous driving where cross
sectoral collaborations could help spur R&D investments and

help achieve our R&D ambitions.






he pace of digital transformation, driven by

advances in Artificial Intelligence (Al), Internet

of Things (loT), Augmented or Virtual Reality

(AR/VR), quantum computing and the like, is
driving firms globally to invest and adopt these technologies
rapidly to maintain their competitive advantage. For Indian firms,
this digital transformation presents an opportunity to play
catch up or leapfrog their global counterparts.

In this chapter, we look at how digital transformation is
taking place in Indian Industry. In particular, we explore how
the adoption of digital technologies is adding value across
different aspects of a firm’s operations, from managing
inventory and improving production efficiency to customer
engagement and enhancing after sales services. We also
consider how Indian firms are integrating digital technologies

into products to drive innovation.

Indian firms are employing digital technologies
to address lapses in the production process, forecast
demand, identify maintenance needs and improve customer
interactions. In our sample, over 80 percent of firms have

adopted or plan to adopt Al. For AR/VR and IoT, we see nearly
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50 percent of firms have either adopted or have plans in place
to adopt these technologies.

Indian firms are leveraging Al for quality control,
understanding customer preferences and improving
productivity. AR/VR is being used by firms for customer
engagement and employee training. loT is being used for
machine health monitoring and is also being integrated
into products. Digital twins are being used for prescriptive
analytics and to provide customers with product insights,
while technologies like blockchain and quantum computing
are gradually being adopted.

Al is helping redefine Indian
industry’s value chain

The Al-powered digital tasting room by Tata Consumer
Products is an exciting example of an Indian firm leveraging Al
to enhance their product quality. This leading food producer
firm is using Al to forecast the taste profile of tea from
different estates based on historical data to help ensure
consistent experience for customers.®

)



Figure 5: Adoption of Digital Technologies by Indian Firms
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Al is being used to identify defects across sectors.
Laurus Labs, a leading pharmaceuticals & biotechnology
firm, is using Al for rapid inspection and sorting of tablets and
capsules®, whereas firms in the automobiles & parts sector
are using it to detect paint defects with high accuracy.

Anticipating demand, identifying market trends and
responding to changing consumer preferences are other
areas where Indian food producer firms like Marico are
increasingly using Al Firms in the oil & gas industry are using
Al to anticipate demand from consumers, distributors and
even individual fuel stations across the country, benefitting
their logistics and sales-related activities.

Indian software & computer services firms are employing
Al-based assistants to boost productivity in code development
and to structure knowledge from a firm’'s database to provide
useful insights to teams interacting with clients.
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AR/VR is providing immersive
experiences to customers and
employees

AR/VR is enabling Indian firms to embark on new and
innovative marketing campaigns. Marico has created an
interactive platform using AR to provide a transformative
experience to customers. This platform is allowing customers
to engage with their products to understand various health and
nutritional benefits.” Multiple firms in the automobiles & parts
sector are using AR/VR to enhance their sales engagement by
providing customers with an interactive experience of life-size
models of vehicles as well as virtual test drives.

Indian aerospace & defence firms are deploying AR/VR
technologies for the purposes of quality testing and meeting
design requirements. Sectors as diverse as industrial metals
& mining and software & computer services are using this
technology to train employees.

©



IoT is transforming operations
and impacting product and
service offerings

From our discussions with some of the leading Indian
R&D intensive firms it is clear that they have plans to use loT
on a much wider scale, not just to improve their operational
efficiency and address predictive maintenance needs but to
also integrate it within their product offerings.

The increasing use of loT for product and service
differentiation is evident in the automobiles & parts sector, where
Indian firms are working to provide customers with connected
vehicle services like remote vehicle control, diagnostics and
location tracking. Similarly, Indian firms in the electronic &
electrical equipment sector are enabling customers to control
smart lights through voice assistance. In the ceiling fan segment,
smart sensing capabilities that respond to room temperature
and humidity are being introduced.

Tata steel is expanding its service offerings through
its industrial consulting division. It is looking to provide Al-
enabled |loT and is co-developing mining 4.0 technologies
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to automate mining operations and minimise on-site
human involvement. This is in collaboration with TEXMIN, an
innovation hub based in IIT (ISM) Dhanbad.?

Nascent adoption of digital twins
and other digital technologies

Indian firms across diverse sectors like industrial metals
& mining, oil & gas and chemicals are using digital twins
to develop complex prediction models that enable energy
management as well as provide prescriptive analytics for
manufacturing. In the automobiles & parts sector, digital
twins are being used to provide consumers with features
such as battery degradation estimation and fault prediction
in their vehicles.

Tata Steel is using drones in their mining process for
geospatial mapping, analytics and monitoring®, while the oil &
gas sector is using drones for pipeline inspection to improve
safety. Drones are being used in the automobiles & parts
sector to manage inventory by geotagging and identifying
vehicles. Blockchain is being used by firms in the sector to
strengthen cybersecurity of connected vehicle platforms.
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Conclusion

Indian firms are beginning to adopt digital technologies across the value chain by leveraging all the unstructured
data they have collected over the years. This is a welcome change from a few years ago where the term ‘digital
technologies’ had a limited presence in the vocabulary of technology leaders even from some of the larger firms in
India. Even today, we are seeing a number of leading R&D firms that participate in the “Transforming R&D in Indian Firms’
programme take up digital transformation as part of their capstone projects to enhance their R&D function.

At present much of this adoption or the development of digital technologies appears to be taking place through
initiatives that are undertaken in house. Indian firms could look at potential opportunities residing with startups for
faster adoption as well as expanding their product portfolios with digital offerings.






here are three distinct disruptive trends

shaping global research strategies. First,

industry boundaries are blurring. Second,

rapid developments in Al and other digital
technologies are disrupting how research is done. Third, the
increased focus on sustainability is presenting firms with
new innovative opportunities. These disruptive trends have
been observed globally for some time. Indian firms would
need to focus on adapting to these three disruptive trends.
They need to be prepared for the competition that could
emerge from firms not just in their sectors, but also from
other sectors.
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In this chapter, we draw on examples of research
being undertaken by global firms, to provide context for
where Indian firms are relative to their global peers. We have
compiled a list of global emerging technologies across the
top 10 R&D sectors for India, presented in Figure 6.° Using
key examples from this list, we showcase the disruptions
underway in global industrial R&D, consider how leading
Indian firms are adapting to these disruptions, identify
potential new opportunities for Indian firms and highlight
the challenges they should be prepared for.

Figure 6: Examples of R&D Focus Areas

Synthetic biology for
developing artificial

hormones for treating

3D bioprinting for
treating foot ulcers

% pregnancy related issues

oo

Al-powered data
analytics to understand
Pharmaceuticals responses of patients

& Biotechnology  during clinical trials diseases

mMRNA platforms to
develop therapeutics
for infectious and rare

Synthetic biology

to create artificial
antibodies for genetic
illnesses

Global Firms

I ndian Firms



Automobiles
& Parts

Software &
Computer Services

Oil & Gas

Hydrogen IC engines

and fuel cells to reduce
carbon emission

Quantum computing
to identify alternative
materials for electric
powertrains

Al-powered drug
discovery using De Novo
design

Al-powered drug
discovery using
De Novo design

Aluminium air batteries
that are lighter and last

longer than lithium ion
batteries

Direct lithium extraction
from underground
reservoirs of saltwater

Autonomous driving
operated under certain
conditions with driver to
take control if prompted

Battery recycling by
recovering raw materials
from spent EV batteries

Autonomous driving
only in structured and
monitored environments

Demonstration of data
stored in manufactured
DNA using fully
automated system

Autonomous driving
operated under
favourable weather
conditions and with
limited speed in certain
conditions

Cylinders for safe
storage of green
hydrogen

Process for high quality
anode material for
sodium-ion batteries
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Al driven identification of
new battery materials

3D printing for rapid Quantum computing for Mobile carbon capture
prototyping during the simulations to optimise to reduce vehicular
designing and testing and reduce energy emissions
phase consumption during
industrial processes
I ndian Firms Global Firms
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Al enabled autonomous Lithium ion battery

underwater drones for solution for submarines
fir defence application
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Electrolysers for Exploring hydrogen fuel
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05— source for drones
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vehicles

Sodium batteries as an Battery recycling by
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from spent EV batteries
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from spent EV batteries
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Research on recycling Specialised steel

aluminium from pipes for hydrogen
,.v A V{ aluminium air batteries transportation
N/

Carbon capture and
Industrial Metals storage using steel slag
& Mining to produce permeable
bricks

Lithium ion battery
powered community grid
energy storage

Electronic & Gen Al based system to Sodium batteries that

Electrical Equipment help users in designing have high energy density
production facilities

Developing a biodigester
which uses cattle manure
to produce clean biogas

in order to support

sustainable agriculture
| | O and creating disease and

pest tolerant crops
Food

Producers Wearable device which
monitors sounds and
posture of the patient
during eating to
overcome swallowing
difficulties

Source: Annual Reports (various years) of Indian Companies; Company Websites B ndian Firms Global Firms
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Note: Sample consists of 119 Indian firms and 100 global firms



Boundaries between sectors are
blurring

Globally, we are seeing boundaries blur on the research
and innovation front across previously distinct sectors. For
example, research on Al-powered drug discovery is being
undertaken by both software and pharmaceutical firms,
research on autonomous venhicles is being undertaken by
both software and automobile & parts firms, research on
CRISPR for improved plant varieties is being undertaken by
chemical firms and research related to lithium extraction is
being undertaken by global oil & gas firms.

Advanced Al models are being developed by global
software firms like Isomorphic Labs (owned by Alphabet)
and Microsoft to accelerate drug development. De novo
drug design', an approach to developing novel compounds
without relying on existing chemical compounds, is being
adopted by Isomorphic Labs to push the boundary of Al-
powered drug discovery. Isomorphic Labs is using this
approach to develop drugs for oncology, cardiovascular and
neurodegenerative diseases, aiming to advance them to
clinical trials by late 2025.” TamGen, a chemical language
model developed by Microsoft, allows for the generation of
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diverse and novel chemical compounds. In collaboration with
Global Health Drug Discovery Institute, China, Microsoft is
using TamGen for drug discovery to treat tuberculosis.*" In
India, the effort around Al-powered drug discovery is being
spearheaded by software firms. A paper published by TCSin
Future Medicinal Chemistry mentions adopting the de novo
design to identify small molecules to potentially inhibit the
target protein 3CL protease in SARS-Cov-2." However, given
the service oriented nature of Indian software firms, much of
the work in Al-powered drug discovery pertains to services in
identifying molecules.

Autonomous vehicles are gaining traction in some
advanced economies as well as China and are expected to
see significant growth by 2030. The Society of Automotive
Engineers (SAE) has defined six levels of automation,
ranging from Level 0 (no automation) to Level 5 (no human
intervention).”® Advancements in this technology have
reached Level 3 and Level 4 in the last few years. These levels
allow vehicles to operate independently in specific areas with
detailed maps, under favourable weather conditions and with
limited speed. In Level 3, the driver would be expected to take
control when prompted.”® Stellantis, a global automobile &
parts firm, has developed Level 3 technology that supports
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autonomous driving at speeds of up to 60 kmph", while
Waymo, a subsidiary of global software firm Alphabet,
launched its Level 4 cab services in Phoenix, USA, in 2020.
Waymo has since expanded to San Francisco, Los Angeles
and is undertaking weather assessments in other cities it
plans to enter in 2025 and 2026.®

According to a 2024 article by Goldman Sachs, Level
3 vehicles are likely to account for 10 per cent and Level 4
vehicles are likely to account for 2.5 per cent of global car
sales by 2030. The highest adoption rates are expected
to be in China, Europe, Japan and the US."® Appropriate
regulation is being put in place in these countries that will
help facilitate the adoption of this technology.?° In India,
Wipro has designed and developed autonomous vehicles
to function in structured environments such as technology
parks, hospital campuses and small townships.?' However,
the absence of regulation for autonomous vehicles in India
means wider adoption of this technology is unlikely for some
time. Indian software and automobile firms should explore
joint opportunities in autonomous vehicle technology and
target markets with more favourable regulations.
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The blurring of industry boundaries also presents
potential threats to Indian firms. For example, Indian food
producer firms may see sectoral disruptions due to the use
of technologies being produced by global chemical firms
like Syngenta, that is using CRISPR for haploid induction to
enhance plant traits and speed up the process of introducing
new varieties. Syngenta is working on this technology to
increase climate resilience in plants.#

Another example of challenges being posed through
the blurring of boundaries is for mining firms globally. Mining
firms looking to enter lithium production may find themselves
up against oil & gas firms in the future. Exxon Mobil is looking
into lithium extraction by using traditional drilling methods to
tap underground reservoirs of saltwater that is rich in lithium.
Using a technology called Direct Lithium Extraction, Exxon
Mobil is potentially offering a more sustainable alternative to
conventional lithium mining through the extraction of lithium
from brine solution.?



Emerging technologies are
disrupting how firms conduct
research

We have seen how Al is being adopted by firms for
diverse purposes, from anticipating demand and responding
to changing consumer preferences to boosting productivity
in code development. We consider examples of how Al and
digital technologies are impacting global and Indian R&D.

Global pharmaceutical firms are leveraging Al and
machine learning capabilities of software firms to analyse
and identify potential molecules for drug development.
Al'is making clinical trials more efficient to speed up drug
development. AstraZeneca, a global pharmaceutical firm,
has partnered with UK based Qureight to harness its Al-
powered data analytics platform to better understand how
patients with rare lung diseases respond to new drugs in
clinical trials.> Indian software firms are leveraging Al for
drug discovery. Apart from helping in the identification of
new molecules, Indian software firms are offering bespoke
services to pharmaceutical firms to digitise their drug
development process.
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We do not find many Indian pharmaceutical firms
engaging Al for drug development. This comes at a
time where the average R&D intensity of India’s top
pharmaceuticals & biotechnology firms has declined from
12.2 per cent in 2015 to 9.4 per cent in 2023.% 252627 While
there are examples of firms partnering with global Al-led
firms to work on various aspects of the drug development
process, Al-powered drug discovery appears to be at a
nascent stage in India.

The use of GenAl is increasingly finding applications
in diverse sectors beyond drug discovery. For example,
Siemens, a global electronic & electrical equipment firm, has
developed a Gen Al based system to assist users in designing
hydrogen production facilities.®

Advancements in 3D printing are changing the way
research is being performed within Indian firms. From
bioprinting in the pharmaceuticals sector to metals and alloy
printing of components in the automobiles & parts sector
and rapid prototyping in the industrial engineering sector,
3D printing is helping reduce development timelines. Globally,
in the oil & gas sector, Shell is using 3D printing to design and
test offshore structures.*
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Going forward quantum computing is likely to disrupt
current digital technologies. This will have implications for
how research is performed across sectors. For example, Shell
in collaboration with Leiden University and VU University in
the Netherlands, is using quantum computing to simulate
chemical reactions and reduce energy consumptionin
industrial processes.*® Bosch, a global automobiles &
parts firm, in collaboration with IBM is leveraging quantum
computing to identify rare earth alternatives for carbon
neutral powertrains like electric motors and fuel cells.”’

Sustainability is a driver in the
technologies being developed

Alternate batteries, battery recycling, green hydrogen
and carbon capture are some of the key technologies
that are likely to aid in this move. Global and Indian firms
are working on these technologies to exploit potential
opportunities inherent in this transformation.

The research related to alternate batteries cuts across
a number of sectors that include chemicals, automobiles
& parts, industrial metals & mining, oil & gas and software
& computer services. For example, BASF is working on iron
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flow batteries, while Microsoft and Volkswagen are working
on lithium metal batteries. In India, there are significant
opportunities in aluminium, sodium and zinc based
batteries given that India is the second largest producer

of aluminium?®?, the third largest producer of salt** and the
fourth largest producer of zinc.*

Aluminium air batteries have high energy density, are
lighter and last longer compared to lithium ion batteries.
Indian Oil is collaborating with Israeli firm Phinergy in the area
of aluminium air battery and holds a patent for advancements
in this type of battery.*® Hindalco has signed an MoU with
Indian Oil and Phinergy to research on and supply essential
components for the battery.*®

When it comes to sodium based batteries, firms like CATL
pased in China have developed second generation batteries
with energy density over 200 Wh/ kg.*’ In India, Tata Chemicals
is working on sodium chemistry for energy storage solutions.*®
Oil & gas firms in India are working on sodium based batteries,
especially on anode materials.

For zinc ion battery technology, Tata Steel is
collaborating with the Centre for Nano and Soft Matter
Sciences, Bengaluru. They are exploring using materials



from the steel value chain for various components of this
rechargeable battery.

While the search for alternate batteries continues,
battery recycling will be just as important. Increased battery
applications across sectors will place a burden on critical
minerals like lithium and cobalt. Globally, firms like BASF and
Volkswagen have launched pilot projects to recover raw
materials from spent electric vehicle batteries. In India, Tata
Chemicals, too, has successfully started the recovery of
cathode materials from lithium ion batteries at its Mumbai
facility.” As part of its MoU with Indian Oil and Phinergy,
Hindalco is also conducting research on recycling of aluminium
used in aluminium air batteries.

Another area of interest for global and Indian firms is the
hydrogen ecosystem that encompasses production, storage,
transportation and its use in propulsion systems. While Indian
oil & gas firms are working on setting up hydrogen production
facilities, there have also been successful developments
towards solving the challenges on the storage and
transportation front. Indian Oil has successfully developed a
prototype storage cylinder, while Tata Steel has developed
specialised steel pipes to transport hydrogen.“°

Click on [l to go to index

Carbon capture is also gaining attention. Chinese firms
like China Petroleum & Chemical Corporation have developed
solvents to efficiently capture carbon®, while Saudi Arabia’s
Aramco has developed mobile carbon capture technology
to reduce vehicular emissions.“? In India, oil & gas firms are
focused on using the captured carbon for enhanced oil
recovery and for producing value added chemicals.
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Conclusion

Indian firms need to increase their focus on R&D and innovation as part of their firm strategy and adapt to the
three disruptive trends of blurring industry boundaries, rapid advancements in Al and other digital technologies and
the increased focus on sustainability. Apart from increasing their spend on in house R&D, Indian firms should seek
collaborations and partnerships to exploit newer opportunities and respond to global technology trends arising from
these disruptions.

Al-powered drug discovery is at a nascent stage in India. This is an opportunity for Indian pharmaceutical firms to
be bold and ambitious and push for greater technological deepening by leveraging the strengths of the Indian software
industry to aid drug discovery.

The absence of regulation for autonomous vehicles in India means wider adoption of this technology is unlikely
for some time. Indian software and automobile firms should explore joint opportunities and target markets with more
favourable regulation.

There are significant opportunities in alternate batteries for Indian firms especially for aluminium, sodium and zinc
based batteries. In addition to alternate batteries, battery recycling will be just as important for Indian firms to focus on.
The global hydrogen ecosystem offers opportunities, especially with work being done by Indian firms with respect to the
storage and transportation of hydrogen.






apid developments in technology are
impacting the way firms are structuring
their R&D teams. To understand the hiring
practices and the capabilities that Indian
and global firms are seeking, we analysed over 2,700 R&D job
advertisements across 100 firms that included both Indian
and global top R&D spenders.

In this chapter, we consider how firms are taking
advantage of, and responding to, the shift in the global
industrial R&D landscape and are increasingly building
multidisciplinary and diverse R&D teams. A peek into how
global research teams are tapping into multidisciplinary
capabilities was provided by Dr Vikas Trivedi from the
European Molecular Biology Lab, Barcelona in his plenary talk
at the Asia-Pacific Innovation Conference 2023 that had been
jointly organised by CTIER and Anmedabad University. Dr
Trivedi pointed out that, for his research on ‘Self-organisation
in Multicellular Systems’, his team included individuals with
capabilities in molecular biology, physics, optics, and data
science.

Besides analysing job advertisements, we have also
drawn upon insights from various closed-door industry
discussions, our interactions with a large pool of R&D
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individuals in the “Transforming R&D in Indian Firms’
programme and other R&D focused interventions we have
undertaken for firms to further understand the current
structures of R&D teams in Indian firms and their future hiring
plans.

R&D teams in Indian firms

There are two important data points in the Indian
context that we must recall here. First, our top R&D firms
are profitable by global standards across a number of
sectors and second, we fall short of the global average R&D
spending as a share of sales for several sectors. Scaling up
investments in talent that would make R&D teams future
ready would be an important starting point, especially
for firms that are serious about transforming their R&D
functions.

When we look at current R&D team compositions at
Indian firms, we find that the R&D team sizes range from
less than 1 per cent of the total workforce for sectors like
oil & gas, software & computer services and industrial
metals & mining to more than 5 per cent for sectors like
pharmaceuticals & biotechnology, automobiles & parts,
aerospace & defence and chemicals. Besides the difference



we see in the R&D team sizes as a share of the total
workforce, there appears to be a difference across sectors

in terms of the degree qualifications (diploma, bachelor’s,
master’s, PhDs) the R&D workforce is equipped with. There is
a tendency for R&D teams in sectors like automobiles & parts,
aerospace & defence and industrial engineering to have a
larger share of diploma and bachelor’s degree holders. Teams
in sectors like pharmaceuticals & biotechnology, chemicals,
oil & gas and industrial metals & mining on the other hand are
dominated by master’s degree and PhD holders.

There is an urgent need for Indian firms to build the
capability that will help them select the right R&D projects,
make the right investments in technology and increase their
innovation output. The ‘Transforming R&D in Indian Firms’
programme aims to do just that for existing R&D teams.
However, Indian firms need to start thinking differently about
their future hires to build truly world leading R&D teams.

Global hiring practices

Global firms are seeking capabilities that go beyond
the traditional technical R&D roles. They are building
multidisciplinary teams to combat the challenges being
posed by the shift in the global industrial R&D landscape.

()
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Global firms are beginning to embrace newer work trends and
are open to hybrid roles that allow for greater flexibility. The
focus on multidisciplinary teams, diversity and hybrid roles
for certain positions is creating new and exciting possibilities
as firms target a wider global talent pool to drive innovation.

AI/ML and data science capabilities are being sought
after for a wide range of applications. For example, Johnson
& Johnson is hiring Al scientists to work on Al-powered drug
discovery, while Microsoft is hiring data scientists to develop
models that would support the expansion of data centres
while reducing carbon emissions.

Psychologists and demographers are being hired across
anumber of sectors to identify consumer preferences and
conduct surveys. Mercedes Benz is hiring individuals with a
background in psychology to enhance the user experience
of its in-car infotainment and connected car systems, while
Unilever is hiring them to understand consumer and market
trends and identify strategic growth opportunities for its
ice cream product line. Software & computer services firms
like Meta are hiring demographers to gather accurate data
through surveys to train their machine learning models.



Figure 7: R&D Team Size as a Figure 8: R&D Team Composition
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Figure 9: R&D Capabilities Sought
by Global Firms

Figure 10: Indian Industry's
Hiring Preferences for R&D

Engineering,
applied sciences

Mathematics,
statistics

Data
Science

Software development,
database management

Multimedia,
web design

Graphic arts,
layout, advertising

Note: Based on responses from 22 Indian firms

Hiring Preference
Low >High



Professionals with an understanding of public policy
and regulation are being sought while procurement roles
are starting to get embedded within R&D teams. ABB, a
global industrial engineering firm, is hiring individuals to
track relevant environmental policies and regulations and
support its product teams with life cycle assessments
and environmental product declarations. Boeing and
AstraZeneca are hiring procurement professionals within
their R&D teams to ensure that specific procurement
requirements for R&D are met efficiently.

Other interesting vacancies being advertised include

positions for financial analysts to perform valuation analysis
and help prioritise the R&D portfolio, as well as positions that

would require individuals to provide cross-sectoral insights
and adapt technologies from other sectors.

These examples highlight the hiring practices of
global firms that are doing their best to attract a diverse
set of individuals with varied qualifications. The firms are
also trying to attract qualified applicants irrespective of
race, colour, religion, disability status and even gender
identity by clearly stating their commitment to being an
equal opportunity employer in these job adverts. Some of
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the roles, be itin Al or procurement, are being advertised as
hybrid positions which is likely to attract an even wider pool
of applicants.



Click on [l to go to index

Conclusion

Indian firms must build capabilities to complement their R&D spending. To achieve this, they would need to focus
on multidisciplinary skills that go beyond technical skills and understanding business needs. A number of top Indian R&D
firms that we have interacted with across sectors continue to have a preference for candidates with a background in either
engineering or applied sciences, while areas like data science, mathematics and statistics are gradually gaining importance.
Interestingly areas like software development and database management for the manufacturing sectors seem to be lessof a
priority in terms of immediate hiring.

Building truly effective R&D teams would require bringing together diverse individuals with capabilities that range from
understanding market dynamics and competition to managing IP and anticipating future trends. Multidisciplinary teams
drawing from science, technology and the humanities will be key to understanding consumer preferences and delivering
differentiated offerings. For Indian firms to build such multidisciplinary teams, they will have to compete with global firms
for the best talent. This will require them to have a heightened focus on diversity, equity and inclusion (DEI) initiatives while
providing more remote and hybrid opportunities to complement such efforts.

The current rollback of DEI initiatives by global firms** coupled with immigration uncertainties in several advanced
economies presents a unique opportunity for Indian firms to attract top talent back to India. China’s Thousand Talents
Plan was able to attract top technologists back to China, and was one of the factors that has contributed to the Chinese
industry moving up the technology value chain. If India too has to attract top talent, we would need to create meaningful
opportunities in pre-commercial industrial R&D labs as well as in our firms for product related industrial research, besides
creating opportunities in startups and academia.*
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What must
Indian Industry do?




ndian firms must place R&D at the core of their
corporate strategy to transform into proactive
leaders, build a strong global footprint and
become truly competitive. They must place R&D
at the core of their corporate strategy and transform into
proactive leaders. They must increase R&D investments,
accelerate the integration of digital technologies, pursue
emerging technology opportunities, build multidisciplinary

teams and foster a shift in the innovation mindset of the firm.

Increase in house R&D spending

Firms must view R&D as a long term strategic investment,
using it to develop products that cater to global and Indian
needs.

Accelerate the integration of
digital technologies into the R&D
value chain

While digitalisation can significantly reduce development
cycles, enhance product quality and enable a faster
response to market shifts, these benefits can only be
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realised if firms invest in the capabilities required to

deploy and integrate these tools effectively. To build these
capabilities, firms must leverage the strengths of the Indian
software industry.

Actively pursue emerging global
technology opportunities

Indian firms should pursue technology developments in
areas such as autonomous vehicles, alternate batteries and
battery recycling. As the nature of competition changes,
maintaining competitiveness requires agility and strategic
foresight. Benchmarking current R&D practices against
global industry standards, identifying new opportunities
through startup acquisitions and collaborations with
industry and academia are key enablers in this pursuit.

Build multidisciplinary R&D
teams

Indian firms must build teams that bring diverse perspectives
from various disciplines such as data science, psychology
and public policy. They must invest in developing future ready
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competencies such as systems thinking, design thinking and
strategic foresight.

Foster a shift in the innovation
mindset

Indian firms must shift their mindset from incremental to
radical, from imitation to leadership, from risk aversion to
calculated experimentation. Indian industry must step
forward with intent, reimagine its approach to innovation and
actively position itself as a leader in emerging technology
domains.

Click on [l to go to index



Sources and notes

1.

Gourinchas Pierre-Olivier, (2025, April 22), “The Global Economy Enters a
New Era’, available at https://www.imf.org/en/Blogs/Articles/2025/04/22/
the-global-economy-enters-a-new-era |

Wong, Lawrence, (2025, April 8), “Ministerial Statement by PM Lawrence
Wong on the US Tariffs and Implications”, available at https://www.pmo.
gov.sg/Newsroom/Ministerial-Statement-by-PM-Lawrence-Wong-on-
the-US-Tariffs-and-Implication#:~:text=Ministerial%20statement%20
by%20Prime%20Minister%20and%20Minister%20for,new%20global%20
system%20have%20yet%20t0%20take%20shape. B

‘Transforming R&D in Indian Firms’ is an executive education programme
organised jointly by CTIER and Ahmedabad University. B

Centre for Technology, Innovation and Economic Research (2023); CTIER
Handbook: Technology and Innovation in India 2023, available at https ://
www.ctier.org/handbook2023.htm| = m &

Annual Report 2023-24, Tata Consumer Products Limited &
Company Website, available at https://www.lauruslabs.com &
Annual Report 2023-24, Marico Limited ®

Tata Steel. (2024, April 30)Tata Steel and TEXMIN Forge Strategic Alliance
to Revolutionise India’s Mining Sector”. Press Releases, available at
https://www.tatasteel.com/newsroom/press-releases/india/2024/
tata-steel-and-texmin-forge-strategic-alliance-to-revolutionise-india-
s-mining-sector/#:~:text=Tata%20Steel%2C%20through%20Tata%20
Steel,transformative%20change%20across%20the%20sector.%22,

Tata Steel. (2022,July 27)"Tata Steel signs MoU with AUS, a Bengaluru
based drone start-up to jointly create sustainable end-to-end Mining
solutions”. Press Releases, available at https://www.tataworld.com/news/
openinside/tata-steel-signs-an-mou-with-aus-a-bengaluru-based-drone-
start-up-to-jointly m

10.

List of global emerging technologies as identified by MIT Technology
Review and World Economic Forum &

. Mouchlis VD, Afantitis A, Serra A, Fratello M, Papadiamantis AG, Aidinis

V, Lynch |, Greco D, Melagraki G. Advances in de Novo Drug Design:

From Conventional to Machine Learning Methods. Int J Mol Sci. 2021

Feb 7;22(4):1676. doi: 10.3390/ijms22041676. PMID: 33562347; PMCID:
PMC7915729, available at https://pmc.ncbi.nim.nih.gov/articles/
PMC7915729/4# :~:text=De%20novo%20drug%20design%20, accessed on
15 February 2025 m

. Steve, R. (2025, January 23), “Al designed drugs in trials this year, says

Google DeepMind chief”, available at https://www.soci.org/news/2025/1/
ai-designed-drugs-in-trials-this-year-says-google-deepmind-chief;
https://www.echemi.com/cms/1604388.html, accessed on 15 February
2025 m

. Xia, Y., Wu, K., Deng, P, Liu, R., Zhang, Y., Guo, H., Cui, Y., Pei, Q., Wu, L.,

Xie, S., Chen, S, Lu, X,, Hu, S., Wu, J., Chan, C.-K,, Chen, S., Zhou, L., Yu,

N., Liu, H., ... Liu, T.-Y. (2024, January),’ Target-aware Molecule Generation
for Drug Design Using a Chemical Language Model.”, available at https://
www.microsoft.com/en-us/research/publication/target-aware-molecule-
generation-for-drug-design-using-a-chemical-language-model/,
accessed on 15 February 2025 m

. Xia, Y., Deng, P, Xie, S, Liu, H., & Qin, T. (2024, November 25), "Accelerating

drug discovery with TamGen: A generative Al approach to target-aware
molecule generation.”, available at https://www.microsoft.com/en-us/
research/blog/accelerating-drug-discovery-with-tamgen-a-generative-
ai-approach-to-target-aware-molecule-generation/, accessed on 15
February 2025 m

. Levels of Driving Automation, available at https://www.sae.org/binaries/

content/assets/cm/content/blog/sae-j3016-visual-chart_5.3.21.pdf ®

. Imagination Technologies, "What Are The Levels Of Autonomy In Self-

Driving Cars?”, available at https://www.imaginationtech.com/future-

Click on ® to go back


https://www.imf.org/en/Blogs/Articles/2025/04/22/the-global-economy-enters-a-new-era
https://www.imf.org/en/Blogs/Articles/2025/04/22/the-global-economy-enters-a-new-era
https://www.pmo.gov.sg/Newsroom/Ministerial-Statement-by-PM-Lawrence-Wong-on-the-US-Tariffs-and-Implication#:~:text=Ministerial%20statement%20by%20Prime%20Minister%20and%20Minister%20for,new%20global%20system%20have%20yet%20to%20take%20shape
https://www.pmo.gov.sg/Newsroom/Ministerial-Statement-by-PM-Lawrence-Wong-on-the-US-Tariffs-and-Implication#:~:text=Ministerial%20statement%20by%20Prime%20Minister%20and%20Minister%20for,new%20global%20system%20have%20yet%20to%20take%20shape
https://www.pmo.gov.sg/Newsroom/Ministerial-Statement-by-PM-Lawrence-Wong-on-the-US-Tariffs-and-Implication#:~:text=Ministerial%20statement%20by%20Prime%20Minister%20and%20Minister%20for,new%20global%20system%20have%20yet%20to%20take%20shape
https://www.pmo.gov.sg/Newsroom/Ministerial-Statement-by-PM-Lawrence-Wong-on-the-US-Tariffs-and-Implication#:~:text=Ministerial%20statement%20by%20Prime%20Minister%20and%20Minister%20for,new%20global%20system%20have%20yet%20to%20take%20shape
https://www.pmo.gov.sg/Newsroom/Ministerial-Statement-by-PM-Lawrence-Wong-on-the-US-Tariffs-and-Implication#:~:text=Ministerial%20statement%20by%20Prime%20Minister%20and%20Minister%20for,new%20global%20system%20have%20yet%20to%20take%20shape
https://ctier.org/wp-content/uploads/2025/04/CTIER_Handbook_2023.pdf
https://ctier.org/wp-content/uploads/2025/04/CTIER_Handbook_2023.pdf
https://www.lauruslabs.com/
https://www.tatasteel.com/newsroom/press-releases/india/2024/tata-steel-and-texmin-forge-strategic-alliance-to-revolutionise-india-s-mining-sector/#:~:text=Tata%20Steel%2C%20through%20Tata%20Steel,transformative%20change%20across%20the%20sector.%22
https://www.tatasteel.com/newsroom/press-releases/india/2024/tata-steel-and-texmin-forge-strategic-alliance-to-revolutionise-india-s-mining-sector/#:~:text=Tata%20Steel%2C%20through%20Tata%20Steel,transformative%20change%20across%20the%20sector.%22
https://www.tatasteel.com/newsroom/press-releases/india/2024/tata-steel-and-texmin-forge-strategic-alliance-to-revolutionise-india-s-mining-sector/#:~:text=Tata%20Steel%2C%20through%20Tata%20Steel,transformative%20change%20across%20the%20sector.%22
https://www.tatasteel.com/newsroom/press-releases/india/2024/tata-steel-and-texmin-forge-strategic-alliance-to-revolutionise-india-s-mining-sector/#:~:text=Tata%20Steel%2C%20through%20Tata%20Steel,transformative%20change%20across%20the%20sector.%22
https://www.tataworld.com/news/openinside/tata-steel-signs-an-mou-with-aus-a-bengaluru-based-drone-start-up-to-jointly
https://www.tataworld.com/news/openinside/tata-steel-signs-an-mou-with-aus-a-bengaluru-based-drone-start-up-to-jointly
https://www.tataworld.com/news/openinside/tata-steel-signs-an-mou-with-aus-a-bengaluru-based-drone-start-up-to-jointly
https://pmc.ncbi.nlm.nih.gov/articles/PMC7915729/#:~:text=De%20novo%20drug%20design%20, accessed on 15 February 2025
https://pmc.ncbi.nlm.nih.gov/articles/PMC7915729/#:~:text=De%20novo%20drug%20design%20, accessed on 15 February 2025
https://pmc.ncbi.nlm.nih.gov/articles/PMC7915729/#:~:text=De%20novo%20drug%20design%20, accessed on 15 February 2025
https://www.soci.org/news/2025/1/ai-designed-drugs-in-trials-this-year-says-google-deepmind-chief
https://www.soci.org/news/2025/1/ai-designed-drugs-in-trials-this-year-says-google-deepmind-chief
https://www.soci.org/news/2025/1/ai-designed-drugs-in-trials-this-year-says-google-deepmind-chief;
https://www.echemi.com/cms/1604388.html
https://www.microsoft.com/en-us/research/publication/target-aware-molecule-generation-for-drug-design-using-a-chemical-language-model/
https://www.microsoft.com/en-us/research/publication/target-aware-molecule-generation-for-drug-design-using-a-chemical-language-model/
https://www.microsoft.com/en-us/research/publication/target-aware-molecule-generation-for-drug-design-using-a-chemical-language-model/
https://www.microsoft.com/en-us/research/blog/accelerating-drug-discovery-with-tamgen-a-generative-ai-approach-to-target-aware-molecule-generation/
https://www.microsoft.com/en-us/research/blog/accelerating-drug-discovery-with-tamgen-a-generative-ai-approach-to-target-aware-molecule-generation/
https://www.microsoft.com/en-us/research/blog/accelerating-drug-discovery-with-tamgen-a-generative-ai-approach-to-target-aware-molecule-generation/
https://www.sae.org/binaries/content/assets/cm/content/blog/sae-j3016-visual-chart_5.3.21.pdf
https://www.sae.org/binaries/content/assets/cm/content/blog/sae-j3016-visual-chart_5.3.21.pdf
https://www.imaginationtech.com/future-of-automotive/when-will-autonomous-cars-be-available/what-are-the-levels-of-autonomy-in-self-driving-cars/#:~:text=Level%204%20%E2%80%93%20High%20Driving%20Automation,on%20call%20at%20all%20times

17.

18.

19.

20.

21.

22

of-automotive/when-will-autonomous-cars-be-available/what-are-
the-levels-of-autonomy-in-self-driving-cars/#:~:text=Level%204%20
%E2%80%93%20High%20Driving%20Automation,on%20call%20at%20
all%20times, accessed on 26 February 2025 m

Anthony J. (2025, February 21),’Stellantis launches STLA

AutoDrive L3 automated driving system’, available at https://www.
autonomousvehicleinternational.com/news/adas/stellantis-launches-
stla-autodrive-I3-automated-driving-system.html, accessed on 27
February 2025 m

Al-Heeti, A.(2025, May 5). “Waymo’s Self-Driving Cars Are in a Growing
Number of Cities. Here’s Everything to Know CNET”, available at https://
www.cnet.com/roadshow/news/waymo-expands-in-la-everything-to-
know-about-the-growing-robotaxi-service/, accessed on 27 February 2025
[ ]

Goldmansachs (2024, August 19),” Partially autonomous cars forecast

to comprise 10% of new vehicle sales by 2030”, available at https://www.
goldmansachs.com/insights/articles/partially-autonomous-cars-forecast-
to-comprise-10-percent-of-new-vehicle-sales-by-2030, accessed on 27
February 2025 m

Deichmann, J., Ebel, E., Heineke, K., Heuss, R., Kellner, M., & Steiner, F. (2023,
January 6).” Autonomous driving’s future: Convenient and connected.
McKinsey”, available at https://www.mckinsey.com/industries/automotive-
and-assembly/our-insights/autonomous-drivings-future-convenient-and-
connected, accessed on 26 February 2025 &

Wipro,”Wipro Wipod”, available at https://www.wipro.com/content/dam/
nexus/en/service-lines/global-infrastructure-services/solutions/wipro-
wipod.pdf, accessed on 14 February 2025 ®

. Syngenta (2024, October),"The HI-Edit breakthrough Syngenta scientists

are unlocking the genetic secrets to higher yields and healthier crops”,
available at https://www.syngenta.com/agriculture/crop-production/hi-
edit-breakthrough, accessed on 27 February 2025 &

23.

24,

25.

26.

27.

28.

29.

30.

ExxonMobil (2023, November 13),“ExxonMobil drilling first lithium

well in Arkansas, aims to be a leading supplier for electric vehicles

by 2030, available at https://corporate.exxonmobil.com/news/
news-releases/2023/1113_exxonmobil-drilling-first-lithium-well-in-
arkansas#:~:text=Lithium%20Production%20Benefits,produced%20
outside%200f%20North%20America, accessed on 27 February 2025 &

Qureight, “Qureight collaborates with AstraZeneca on lung disease
research.”, available at https://www.qureight.com/news/qureight-
collaborates-with-astrazeneca-on-lung-disease-research, accessed on
15 February 2025 m

Centre for Technology, Innovation and Economic Research (2019); CTIER
Handbook: Technology and Innovation in India 2019, available at https://
www.ctier.org/handbook2019.ntm| m

Centre for Technology, Innovation and Economic Research (2021); CTIER
Handbook: Technology and Innovation in India 2021, available at http://
www.ctier.org/handbook2021.ntm| m

Centre for Technology, Innovation and Economic Research (2025); CTIER
Handbook: Technology and Innovation in India (forthcoming) m

Siemens (2024, June 04) "Siemens accelerates hydrogen ramp-up with
generative artificial intelligence”. Press Releases, available at https://
press.siemens.com/global/en/pressrelease/siemens-accelerates-
hydrogen-ramp-generative-artificial-intelligence, accessed on 15 February
2025 m

Shell,”3D Printing”, available at https://www.shell.com/what-we-do/
digitalisation/3d-printing.html#:~:text=At%20Shell%2C%20we%20are%20
using,manufacturers%20and%20the%20energy%20industry, accessed on
19 February 2025 m

Sebregts, Y. (2020, September 1), “Three ways to thrive through digital
and energy transitions.”, available at https://www.shell.com/what-we-do/
digitalisation/digitalisation-in-action/three-ways-to-thrive-through-the-
digital-and-energy-transitions.html, accessed on 27 February 2025 &

Click on ® to go back


https://www.imaginationtech.com/future-of-automotive/when-will-autonomous-cars-be-available/what-are-the-levels-of-autonomy-in-self-driving-cars/#:~:text=Level%204%20%E2%80%93%20High%20Driving%20Automation,on%20call%20at%20all%20times
https://www.imaginationtech.com/future-of-automotive/when-will-autonomous-cars-be-available/what-are-the-levels-of-autonomy-in-self-driving-cars/#:~:text=Level%204%20%E2%80%93%20High%20Driving%20Automation,on%20call%20at%20all%20times
https://www.imaginationtech.com/future-of-automotive/when-will-autonomous-cars-be-available/what-are-the-levels-of-autonomy-in-self-driving-cars/#:~:text=Level%204%20%E2%80%93%20High%20Driving%20Automation,on%20call%20at%20all%20times
https://www.imaginationtech.com/future-of-automotive/when-will-autonomous-cars-be-available/what-are-the-levels-of-autonomy-in-self-driving-cars/#:~:text=Level%204%20%E2%80%93%20High%20Driving%20Automation,on%20call%20at%20all%20times
https://www.autonomousvehicleinternational.com/news/adas/stellantis-launches-stla-autodrive-l3-automated-driving-system.html
https://www.autonomousvehicleinternational.com/news/adas/stellantis-launches-stla-autodrive-l3-automated-driving-system.html
https://www.autonomousvehicleinternational.com/news/adas/stellantis-launches-stla-autodrive-l3-automated-driving-system.html
https://www.cnet.com/roadshow/news/waymo-expands-in-la-everything-to-know-about-the-growing-robotaxi-service/
https://www.cnet.com/roadshow/news/waymo-expands-in-la-everything-to-know-about-the-growing-robotaxi-service/
https://www.cnet.com/roadshow/news/waymo-expands-in-la-everything-to-know-about-the-growing-robotaxi-service/
https://www.goldmansachs.com/insights/articles/partially-autonomous-cars-forecast-to-comprise-10-percent-of-new-vehicle-sales-by-2030
https://www.goldmansachs.com/insights/articles/partially-autonomous-cars-forecast-to-comprise-10-percent-of-new-vehicle-sales-by-2030
https://www.goldmansachs.com/insights/articles/partially-autonomous-cars-forecast-to-comprise-10-percent-of-new-vehicle-sales-by-2030
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/autonomous-drivings-future-convenient-and-connected
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/autonomous-drivings-future-convenient-and-connected
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/autonomous-drivings-future-convenient-and-connected
https://www.wipro.com/content/dam/nexus/en/service-lines/global-infrastructure-services/solutions/wipro-wipod.pdf
https://www.wipro.com/content/dam/nexus/en/service-lines/global-infrastructure-services/solutions/wipro-wipod.pdf
https://www.wipro.com/content/dam/nexus/en/service-lines/global-infrastructure-services/solutions/wipro-wipod.pdf
https://www.syngenta.com/agriculture/crop-production/hi-edit-breakthrough
https://www.syngenta.com/agriculture/crop-production/hi-edit-breakthrough
https://corporate.exxonmobil.com/news/news-releases/2023/1113_exxonmobil-drilling-first-lithium-well-in-arkansas#:~:text=Lithium%20Production%20Benefits,produced%20outside%20of%20North%20America
https://corporate.exxonmobil.com/news/news-releases/2023/1113_exxonmobil-drilling-first-lithium-well-in-arkansas#:~:text=Lithium%20Production%20Benefits,produced%20outside%20of%20North%20America
https://corporate.exxonmobil.com/news/news-releases/2023/1113_exxonmobil-drilling-first-lithium-well-in-arkansas#:~:text=Lithium%20Production%20Benefits,produced%20outside%20of%20North%20America
https://corporate.exxonmobil.com/news/news-releases/2023/1113_exxonmobil-drilling-first-lithium-well-in-arkansas#:~:text=Lithium%20Production%20Benefits,produced%20outside%20of%20North%20America
https://www.qureight.com/news/qureight-collaborates-with-astrazeneca-on-lung-disease-research
https://www.qureight.com/news/qureight-collaborates-with-astrazeneca-on-lung-disease-research
https://ctier.org/wp-content/uploads/2025/05/CTIER_Handbook_Technology-and-Innovation-in-India-2019.pdf
https://ctier.org/wp-content/uploads/2025/05/CTIER_Handbook_Technology-and-Innovation-in-India-2019.pdf
https://ctier.org/wp-content/uploads/2025/05/CTIER_Handbook-2021.pdf
https://ctier.org/wp-content/uploads/2025/05/CTIER_Handbook-2021.pdf
https://press.siemens.com/global/en/pressrelease/siemens-accelerates-hydrogen-ramp-generative-artificial-intelligence
https://press.siemens.com/global/en/pressrelease/siemens-accelerates-hydrogen-ramp-generative-artificial-intelligence
https://press.siemens.com/global/en/pressrelease/siemens-accelerates-hydrogen-ramp-generative-artificial-intelligence
https://www.shell.com/what-we-do/digitalisation/3d-printing.html#:~:text=At%20Shell%2C%20we%20are%20using,manufacturers%20and%20the%20energy%20industry
https://www.shell.com/what-we-do/digitalisation/3d-printing.html#:~:text=At%20Shell%2C%20we%20are%20using,manufacturers%20and%20the%20energy%20industry
https://www.shell.com/what-we-do/digitalisation/3d-printing.html#:~:text=At%20Shell%2C%20we%20are%20using,manufacturers%20and%20the%20energy%20industry
https://www.shell.com/what-we-do/digitalisation/digitalisation-in-action/three-ways-to-thrive-through-the-digital-and-energy-transitions.html
https://www.shell.com/what-we-do/digitalisation/digitalisation-in-action/three-ways-to-thrive-through-the-digital-and-energy-transitions.html
https://www.shell.com/what-we-do/digitalisation/digitalisation-in-action/three-ways-to-thrive-through-the-digital-and-energy-transitions.html

31.

32.

53,

34,

5.

36.

37.

38.

The Print (2022, November 09),"Germany’s Bosch partners with IBM in
quantum computing”, available at https://theprint.in/tech/germanys-
bosch-partners-with-ibm-in-quantum-computing/1206284, accessed on
28 February 2025 m

U.S. Geological Survey, Mineral Commodity Summaries (January 2024),
available at https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-
aluminum.pdf accessed on 28 February 2025 &

U.S. Geological Survey, Mineral Commodity Summaries (January 2024 ),
available at https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-salt.pdf
accessed on 28 February 2025 =

U.S. Geological Survey, Mineral Commodity Summaries (January 2024 ),
available at https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-zinc.pdf
accessed on 28 February 2025 ®

Economic Times (2022 July 18), “Hindalco along with Israel’s Phinergy, IOP to
develop aluminium-air batteries for electric vehicles”, available at https://
energy.economictimes.indiatimes.com/news/power/hindalco-along-with-
israels-phinergy-iop-to-develop-aluminium-air-batteries-for-electric-
vehicles/92953994, accessed on 26 February 2025 m

Company website, available at https://www.hindalco.com/media/press-
releases/hindalco-phinergy-and-iop-partner-revolutionary-aluminium-air-
batteries-evs-and-energy-storage ®

Trendforce.corp (2024, November 20), "CATL Unveils Second-Generation
Sodium-lon Battery with Enhanced Performance, Targeting Market Release
in 2025, available at https://www.energytrend.com/news/20241120-48798.
html, accessed on 12 February 2025 &

Tata Chemicals ,”Innovating for Green Chemistry”, available at https://
irtatachemicals.com/2022-23/innovating-for-green-chemistry.php,
accessed on 27 February 2025 &

SO

40.

41.

42.

43

44,

Tata Chemicals,”Innovating for Green Chemistry”, available at https://
irtatachemicals.com/2022-23/innovating-for-green-chemistry.php,
accessed on 18 February 2025 ®

Tata Steel. (2025,January 29)"Tata Steel becomes India’s first steel
company to demonstrate end-to-end capabilities to develop steel pipes
for transportation of hydrogen”. Press Releases, available at https://
www.tatasteel.com/newsroom/press-releases/india/2025/tata-steel-
becomes-india-s-first-steel-company-to-demonstrate-end-to-end-
capabilities-to-develop-steel-pipes-for-transportation-of-hydrogen/,
accessed on 14 February 2025 m

Li, Y., Wang, R., Zhao, Q., & Xue, Z. (2024, January), “Technological
advancement and industrialization path of Sinopec in carbon capture,
utilization and storage, China”, available at https://www.sciencedirect.
com/sciencel/article/pii/S2666759222000282, accessed on 14 February
2025 m

Aramco,”Mobile Carbon Capture”, available at https://www.aramco.com/
en/what-we-do/energy-innovation/transportation/mobile-carbon-
capture, accessed on 27 February 2025 ®

. Murray, C., & Bohannon, M. (2025, April 11),“IBM Reportedly Walks Back

Diversity Policies, Citing ‘Inherent Tensions’ Here Are All The Companies
Rolling Back DEI Programs”, available at https://www.forbes.com/sites/
conormurray/2025/03/22/mlb-removes-references-to-diversity-from-
careers-website-here-are-all-the-companies-rolling-back-dei-programs/,
accessed on 21 April 2025 =

Sharad Sharma explained the gaps in India’s talent tree at the ‘India’s R&D
Ambitions: Nurturing Talent’ discussion organised jointly by CTIER, Ananta
Centre, and Nayanta University, available at https://www.youtube.com/
live/IBfx2FZbR4E?si=PRFES_woVBOVXxnOn, accessed on 4 March 2025 B

Click on ® to go back


https://theprint.in/tech/germanys-bosch-partners-with-ibm-in-quantum-computing/1206284/
https://theprint.in/tech/germanys-bosch-partners-with-ibm-in-quantum-computing/1206284/
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-aluminum.pdf
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-aluminum.pdf
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-salt.pdf
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-zinc.pdf
https://energy.economictimes.indiatimes.com/news/power/hindalco-along-with-israels-phinergy-iop-to-develop-aluminium-air-batteries-for-electric-vehicles/92953994
https://energy.economictimes.indiatimes.com/news/power/hindalco-along-with-israels-phinergy-iop-to-develop-aluminium-air-batteries-for-electric-vehicles/92953994
https://energy.economictimes.indiatimes.com/news/power/hindalco-along-with-israels-phinergy-iop-to-develop-aluminium-air-batteries-for-electric-vehicles/92953994
https://energy.economictimes.indiatimes.com/news/power/hindalco-along-with-israels-phinergy-iop-to-develop-aluminium-air-batteries-for-electric-vehicles/92953994
https://www.hindalco.com/media/press-releases/hindalco-phinergy-and-iop-partner-revolutionary-aluminium-air-batteries-evs-and-energy-storage
https://www.hindalco.com/media/press-releases/hindalco-phinergy-and-iop-partner-revolutionary-aluminium-air-batteries-evs-and-energy-storage
https://www.hindalco.com/media/press-releases/hindalco-phinergy-and-iop-partner-revolutionary-aluminium-air-batteries-evs-and-energy-storage
https://www.energytrend.com/news/20241120-48798.html
https://www.energytrend.com/news/20241120-48798.html
https://ir.tatachemicals.com/2022-23/innovating-for-green-chemistry.php
https://ir.tatachemicals.com/2022-23/innovating-for-green-chemistry.php
https://ir.tatachemicals.com/2022-23/innovating-for-green-chemistry.php
https://ir.tatachemicals.com/2022-23/innovating-for-green-chemistry.php
https://www.tatasteel.com/newsroom/press-releases/india/2025/tata-steel-becomes-india-s-first-steel-company-to-demonstrate-end-to-end-capabilities-to-develop-steel-pipes-for-transportation-of-hydrogen/
https://www.tatasteel.com/newsroom/press-releases/india/2025/tata-steel-becomes-india-s-first-steel-company-to-demonstrate-end-to-end-capabilities-to-develop-steel-pipes-for-transportation-of-hydrogen/
https://www.tatasteel.com/newsroom/press-releases/india/2025/tata-steel-becomes-india-s-first-steel-company-to-demonstrate-end-to-end-capabilities-to-develop-steel-pipes-for-transportation-of-hydrogen/
https://www.tatasteel.com/newsroom/press-releases/india/2025/tata-steel-becomes-india-s-first-steel-company-to-demonstrate-end-to-end-capabilities-to-develop-steel-pipes-for-transportation-of-hydrogen/
https://www.sciencedirect.com/science/article/pii/S2666759222000282
https://www.sciencedirect.com/science/article/pii/S2666759222000282
https://www.aramco.com/en/what-we-do/energy-innovation/transportation/mobile-carbon-capture
https://www.aramco.com/en/what-we-do/energy-innovation/transportation/mobile-carbon-capture
https://www.aramco.com/en/what-we-do/energy-innovation/transportation/mobile-carbon-capture
https://www.forbes.com/sites/conormurray/2025/04/11/ibm-reportedly-walks-back-diversity-policies-citing-inherent-tensions-here-are-all-the-companies-rolling-back-dei-programs/
https://www.forbes.com/sites/conormurray/2025/04/11/ibm-reportedly-walks-back-diversity-policies-citing-inherent-tensions-here-are-all-the-companies-rolling-back-dei-programs/
https://www.forbes.com/sites/conormurray/2025/04/11/ibm-reportedly-walks-back-diversity-policies-citing-inherent-tensions-here-are-all-the-companies-rolling-back-dei-programs/
https://www.youtube.com/live/lBfx2FZbR4E
https://www.youtube.com/live/lBfx2FZbR4E

About CTIER

The Centre for Technology, Innovation and Economic Research (CTIER) was established in 2015 to raise the level of debate

and awareness among policymakers, industry and researchers in India about the essential role of technical capability
in economic development, and how it is best fostered.

Over the years, CTIER has become the foremost think tank for innovation in India. Our unique analysis and insights have
informed policies introduced to strengthen India’s R&D and innovation ecosystem. The Centre’s programmatic interventions
have helped build the capabilities needed to transform Indian industry into an innovation powerhouse. CTIER has also been at
the forefront of shaping academic thought in the economics of innovation.



	_ia8dtvrh2nrr
	_16d21og34rxx
	_k8bqrk8qqi5o
	_yqvboc50rewg
	_4xom7iozdy7c
	_nrqfo1inj3ej
	_xluasw1x7ytx
	_utmvi3atqg40

