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Cll started its technology initiatives way back in 1990s under the chairmanship of late Dr APJ Abdul Kalam, focusing on guiding
Indian industry in innovation and R&D. During last three decades, Cll has been heavily investing in carrying forward this mission
through plethora of initiatives on its own and in partnership with the Government.

In line with this, Confederation of Indian Industry (CIl) has defined its Theme for 2021-22 a sBuidding India for a New World:
Competitiveness, Growth, Sustainability, Technology. The fourth pillar of the theme, Technology, even more than trade, is
now at the core of geopolitical dynamics. The future promises to be dominated by greater knowledge intensity and more
applications of technologies. Countries will compete on proprietary knowledge and technologies and Government and industry
members need to work together to ensure that as a nation and as industry we accelerate into the future.

With the mission of Promoting Technology, R&D and Innovation as a Movement to build India for a New World, the CI|
National Committee on Technology, R&D & Innovation 2020-21, initiated technology roadmaps on three priority areas-
Mobility, Advanced Materials & Manufacturing, Energy featuring: Potential technologies; Horizontal and vertical technology
gaps; Short (2yrs), Medium (5yrs) & Long term (10yrs) interventions.
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1.

Identification of key materials to focus at
national level and develop roadmaps
from mining to commercial usei e.qg.,
Titanium, Carbon Fiber, Lithium, Extraction
of Nickle and Cobalt from mines
overburden and urban mining, Rare Earth
Materials like Neodymium, Medical
materials like etc.

Create a budget pool for development
projects in the identified areas

Ensure TRL-based funding mechanism
to enable funding in Basic stage to
Universities & Research Labs; in Pilot
stage to Govt Research Labs & Industry
Labs and in Commercial stage to Industry.
Govt and Industry need to co-fund to de-
risk technology scale up

1. Create an inter-ministerial group to

formulate a National Mobility Transformation
Strategy (2021-30). Specific
recommendations Some recommendations
on Alternate fuel: Hydrogen strategy
blueprint, incentivization, cleaner fuels,
single window clearance mechanisms etc.

. Industry to work with Government for

creation of Urban Integrated Mobility
models, as blueprint for cities of the future.

. Review Faster Adoption and

Manufacturing of Hybrid and Electric
vehicle (FAME) policies for synchronized
incentivisation, boost research, and PPP
model for EV, Battery technologies &
relevant eco-systems.

1.

Green Energy: Focus on Low-cost
electrolysers for Hydrogen generation
and technologies for hydrogen storage.
Renewable Integrated Grid management
for enabling increased renewable
portions using Data driven Al i based
forecastingd energy systems modelling

Decarbonisation- Carbon Dioxide
capture and utilization

Energy efficiency- Develop energy
efficient electrical equipments like electric
motors and air compressors
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1 Sub-group members
2 Vertical issues to be addressed
3 Horizontal issues to be addressed

4 Way forward

5 Key technologies and interventions
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Structural Gaps Financial Gaps

. A Inadequate academic strength in advanced materials. o

A Initial support like easy capital, guaranteed low tariff power
supply, higher import duties and low GST on Raw materials
required

A Inadequate translational capability to make components in
advanced materials.

A Volumes too small to attain economies of scale for critical

materials purchase from India L -
materials 1 ventures become uncompetitive

A Non availability of input materials or constituents to manufacture

A Defense Procurement Policy offset requirements of raw

Need to drive TRL development from raw materials -> use of metals -> commercialization

Unavailability of facilities for a required capacity, due to poor demand to justify it (E.g. 20000 MT forge press for aero-engine discs)
Technologies for high strength Al alloys, coating for high end gas turbine engine components, etc. are unavailable

Converting raw materials to desired shapes and forms like extrusion, castings, thick plates, thin sheets, tubes is a capability deficit
Internet of Things/Industrial engineering or automation key enablers for efficient manufacturing

Metals: Mg, Li, Co, Rare Earth Metals need to be commercially produced/recovered; Non-metals: High quality T-800 carbon fibre,
PVDF (sensor material), SiC single crystal




Organizational Gaps Design Gaps

A National facilities for testing & characterization to

A Dedicated Project Management structure covering planning, promote indigenization

risk management and monitoring aspects A Good concepts, academia and simulation capabilities,

A More MTech/PhDs in Material research domain | i but lack design codes_& specifications - unable make a
| ! product for global business |

A Better connectivity and staying lean in COVID-19 times A Encourage use of Make in India products - even if
slightly inferior, in order to implement, improve & learn

__________________________________________________________________________

A Provide private sector with access to national labs and
facilities

A Volume of industry-academia collaborations are low and
research needs to be supported

A Good inter-governmental collaboration but gap b/w
industry and R&D (e.g. DRDO-FICCI)

A Transform recycling from unorganised to an organised sector;
Proposal on eco-park to recycle e-waste by MEITY

A While IMMT and NML working on Tungsten recycling; India
needs to work on Recycling of Carbon Fibre Composites

IMMT: Institute of Minerals and Materials Technology NML: National Metallurgical Laboratory MEITY: Ministry of Electronics and Information Technology

DRDO: Defence Research and Development Organisation



o | % Stimulating Private Sector Investment in R&D

A
A
A

A

India lacks focus of investment pull in innovation T needs focused change
Huge gap between TRL 4 to TRL 91 needs concerted effort to cover the technology development to deployment journey

De-risk through co-funding by Industry and Government (e.g. UK&6 s Cat a p uypd modektodrive eollective effort across
industry, academia and research institutions)

Government funding essential at all stages, with Industry co-funding scale up of technologies.

Models for STI Financing in STI Policy

A Financing framework to foster collaboration across ecosystem entities, reward cooperation, drive regular evaluation & robust governance
A Contextual funding model based on innovation stage, entity and TRL:

(i) Basic stage i small amount of funding to universities and research labs for multiple technologies to proves technology hypothesis

(ii) Pilot stage - larger amount of funding to Govt research lab or Industrial research lab for fewer technologies

(i) Commercial stage 1 large amount of funding to industry for select few technologies

A Government funding through financial incentives (e.g. grants, subsidies, low-interest loans, etc.) and fiscal incentives (e.g. tax
allowances, tax credits, total or partial exemptions of capital gains, etc.)

A KeySteps:Sel ect strategic technology +ecus area given nat i on#® <alldoon
application — Selection of applications with preference to technology developments projects with collaborative participation —»
Co-funding by Industry

senane @ International Experiences in Translational Research
A Synergistic efforts across fundamental and applied research required to solve societal challenges
A HiSarna, a shining case in the Steel industry on this approach



) o | Strengthening the Govt-Academia-Industry Troika

A Collaborative approach for pan-TRL view of technology development and eco-system for funding, capability building and market access
A ln India, OProfessors of Practicebo, a new scheme | aunched by 11

A Global best practices:
(i) Fraunhofer Institutes, Germany, with 1/3" each of funding from institute, Government and industry, helps bridget he 6 Val |

Deathdé between Pilot and Commercialization stages
(i) Dedicated Government funds at USA, UK, etc. support basic research through projects, infrastructure and capabilities
(iii) EUG6s | nnovat iPegramvhe,a cdsteffective solution to encourage MSMEs and Start-ups

Higher Participation of Women in STEM
Interventions at individual level, family and peer-level to address misconceptions, expand understanding and take actions

School-level and Societal level interventions to facilitate early-age counselling and gender-neutral role models
Promote inclusive workplaces that honours technology irrespective of the technologist
The National Education Policy 2020 is a step in the right direction

To To Do Do

Making India Technologically Self-Reliant
Focus on themes in sciences, engineering and social sciences to support strategic vision of Atmanirbhar Bharat

Build ecosystem that helps simultaneously develop capabilities in academia, research labs, MSMEs and industries
MSME sector - backbone of developing economy, needs infusion of funds for an upward spiral of R&D activity

Robust pipeline of ideas addressing national issues - CCUS, recycling of electronic & electrical waste, generation of cheap &
green Hydrogen, extraction and use of rare earth metals, etc.

—1() O () Q) DDA - alalialorzinle arzia al () - (11 () 21015 = () alalelveslnlelarZinlominldzin

To To To Do




What India What India

should do in the should do in the 6 Othi?(rer?]cstlon e
Next 2 years Next 5 years

A Identify key materials to focus on at national level and

o : A Develop vision document for A Government policy on critical materials
velop roadm from minin mmercial . _ : o
develop roadmaps fro g to commercial use Materials and Manufacturing dissuading imports through quota
. L. . i systems, tariffs and subsidies and
A Examples of key materials- Titanium, Carbon Fiber, Lithium, . o - N,
Extracption of NiZkIe and Cobalt from mines overburden and A Encourage industry to set up propelling "Make in India” philosophy
- " . . ventures to produce REMs
umr:;?igénllir;g, eF\,:? re Earth Material like Neodymium, Medical and magnets, Li and Co A Ensure TRL-based funding mechanism
' to enable funding in Basic stage to
. : A Deploy policy for procurement Universities & Research Labs; in Pilot
A fjreen?feiead t;lﬁggst-,- peoc;I for development projects in the of materials from India for stage to Govt Research Labs & Industry
= indigenous defense products Labs and in Commercial stage to

(i) Set up of a demo plant for extraction of Nickel and Cobalt

) - . In
from mine overburden under nx&rleaLfeepoligiers% Wasteofug

uatrg. Govt and Industry need to co-
require Rs 350 Cr budget (ii) Set up of pilot plant for making atare d

o d8fsk technology scale up

. ; : conducive for export of
T-700 or similar grade of Carbon Fiber from coal tar pitch of » : :
Indian steel induitr requires budget of Rs 150 Cr P products that use critical A Develop mindset of design and
yreq g ' materials and have small manufacture in India for a global market
: : : ' ' through strengthening technological
A Invite project proposals in the focused areas from LLC S e S
) . . capabilities, advocating indigenous
coIIaboratlvte Itegms& t:/?é m;st contain industry, academia, development, conducive regulations and
government (labs) financial incentives
A Create a project management team for monitoring progress RME: Rare Earth Metals



Key technologies & interventionsé

Energy

Technology

Note

Intervention

CO2 Capture & Use

With Steel industry's aspiration to grow three fold in the coming years, the
direct impact would be multifold increase in CO2 emissions. It is imperative
to focus on scale up of sustainable technologies for decarbonization. CO2
utilization has to be tackled through varied avenues. Green Hydrogen in
large volume and low cost is one the key levers for decarbonization. No

Hydrogen Generation

single technology will solve this challenge. These areas merit a multi
pronged approach across diverse technology routes to address the ask

A Government support through:
Financial incentives (e.g. grants, subsidies, low-interest loans, etc.)

A Fiscal incentives (e.g. tax allowances, tax credits, total or partial
exemptions of capital gains, etc.)

A Driving market pull - ensure preference for sustainable technology
solutions for addressing market need over L1 choice

Advanced Manufacturing & Materials

Technology

Note

Intervention

Recycling of EV Battery
waste

With growing impetus on electrification, conducive policies for EV
ecosystem in India and high dependency on import materials (Li, Ni, Co,
etc.), it is crucial to build an ecosystem for recycling of EV battery waste.
India imports Li-ion batteries from China, Japan and South Korea and is
among the largest importers in the world. It has quadrupled its imports in
vol umes and more than tripled its
6,500 crores (2019)

A Strict regulations regarding the disposal of batteries need to be
enacted in order to give impetus to the battery recycling industry
A Impetus on indigenous technology for metal and material recovery
A Policies dissuading imports through quota systems, tariffs and
subsidies and propelling "Make in India" philosophy

Medical Materials

Increasing urbanization, higher disposable income, growing aging
population and higher affordable healthcare schemes is accelerating the
medical and healthcare sector growth in India. With more than 75% of the
sector needs currently being met through imports, there is a strong case to
tap the opportunity through indigenous capability development in advanced
manufacturing and medical materials like Collagen, etc.

Holistic ecosystem approach through funding and financial policies:
A Promoting indigenous capabilities across MSMEs, startups and
industry on materials for medical and healthcare sector while
maintain internal standards

A Initial support like easy capital, higher import duties and low GST
on inhouse materials, etc.
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1 Sub-group members

2 Preamble

3 India@2030
4 Key enabler technologies

5 Specific examples
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Mr Ashwini Aggarwal, Director, Government Affairs, Applied Materials

Prof Rangan Banerjee, [IT Bombay

Dr R.R. Sonde, ex CTO, Thermax

Mr Ajay Joshi, Technology Innovation, and IP Management, Cummins Technologies India Pvt. Limited
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A Anew approach to R&D and its translation/adaptation is required to cater to the transitions happening in the energy
sector and meeting the triple objectives - CLIMATE CHANGE MITIGATION, ENERGY SECURITY and
RELIABILITY

A  The approach would involve a clear identification of needs and application, well coordinated between researchers,
industry and government along with targeted baselines and benchmarks. Performance specific matrices for
technologies that will compete or be used for diverse applications will be decided by the stakeholders together.

A Stimulating private sector investment in R&D, STI fin
are the key elements for industry investment to help develop the ecosystem.

A The aforesaid elements are required to help take the technologies from TRL 3-4 to higher TR levels of 7-8, enabling
the industry to take it up for commercialization. This will allow the new emerging/developed technologies (TRL 3-4)
to compete and provide Ainformed choiceso for industr
appropriate regulations and policies for governance.

A  E.g. various advanced batteries to compete on performance and evolve winner for specific applications.



India will meet 50 percent of its energy requirements from renewable energy by 2030.

>

India will reduce the total projected carbon emissions by one billion tonnes from now
onwards till 2030.

p>X

By 2030, India will reduce the carbon intensity of its economy by less than 45 percent.

p>X

India has achieved 25% of emission intensity reduction of GDP b/w 2005-2016, and is
on the path to achieve more than 40% by 2030.
A By the year 2070, India will achieve the target of Net Zero.

p>X

India will reach its non-fossil energy capacity to 500 GW by 2030.



1. H,generation

2. Data-based, Al
assisted forecasting
of accurate RE
generation, power
demand and grid
stabilisation

3. CO, capture &

utilisation, energy

efficient equipments




Green Energy:

A Avoid Duck curve : Low-cost electrolysers for Hydrogen generation and technologies for hydrogen storage
A Renewable Integrated Grid management for enabling increased renewable portions using Data driven Al i
based forecasting- energy systems modelling
A Energy Storage Solutions (Advanced Batteries with better performance and using indigenous
materials and technology (Incubation)
A Production of Green energy--R&D focus to be particularly in Floating Solar Panels (particularly the
material for the panels), manufacture and demonstration

Decarbonization:
A Carbon Dioxide capture and utilization

Ve

A Hydrogen from renewables like biomass and bio-CNG

Energy efficiency:

A Develop energy efficient electrical equipments like electric motors and air compressors
A Waste heat recovery



A Hydrogen, being an important path towards decarbonization, is also a very good energy storage solution to use
the renewable energy at time of peak generation but low demand. This helps avoid the duck curve and grid
collapse upon grid integration.

A However, the cost of electrolysers (mainly imported large scale ones are available) and the energy consumption
are prohibitive. There are many institutions who have developed technologies up to TRL 2-3 in India. At the same
time, DST sponsored Hydrogen Storage Platforms in various institutes is ongoing. Transparency and information
dissemination to industry will be helpful.

A Key recommendations

V  Technology demonstration projects by universities (TRL 3-4) for individual technologies (electrolyser and
storage)

V  To be followed by target setting and technology integration and demonstration projects led by industry with
appropriate de-risking of investment by Government, based on the technology readiness assessment



A Carbon-dioxide capture is essential in our country, especially owing to the fact that we will need a longer time
to transition from coal or hydrocarbon-based fuels for industry and power generation

A Also, India is not very geologically very conducive to carbon sequestration after capture. Therefore,
utilization of CO, after capture is as important as capture. Both technologies need to develop simultaneously

A Avery important deterrent to the technology acceptance is the highly capital-intensive nature of the capture
technology and which in turn makes the demonstration of utilization technologies for development to higher
TR levels

A E.g.- for a pilot plant of 500 tons/day of CO, capture, Rs 120 crores are required (as per cement industry).
Owing to the fact that CO, capture is an important technology for mitigation of climate change, heavy de-
risking policies by the government with incentives will be helpful, which will in turn promote the CO2
utilisation technology also

A Industry-consortium led, government supported (to the order of de-risking investments) technology
demonstration and integration is recommended



A Electric motors are the driving force behind EVs. In addition to the batteries and power electronics, the electric
motor is a critical component within the drivetrain. There are several key performance metrics for electric
motors, efficiency being one of the critical ones. Higher efficiency leads to improved range from the same
battery capacity.

ATwo advanced and energy efficient motors used in the Electric powertrain
i BLDCM (Brush Less Direct Current Motor)
u PMSM (Permanent Magnet Synchronous Motor)

ANeed to develop technologically differentiated motors at affordable price to not just reduce imports but also
export.

A Creating Centre of excellence and Innovation clusters - Enabling MSMESs to innovate and develop light weight,
energy efficient next generation advanced motors



Project 4: Renewable Integrated Grid management for enabling increased renewable portions
using Data driven Al i based forecastingd Centre for Energy Systems modelling and Forecasting

A An important and urgent requirement for the country.
A Integration of renewables at large-scale introduces various challenges in grid management.

A Presently, several countries have set the maximum RE generation that their grid can handle at a given instant, thereby,
resulting in potential curtailment of energy from renewables. Therefore, for accommodating higher levels of renewables, it is
important to investigate critical issues in grid management and explore potential countermeasures to address such challenges.

A At a broader level, the main challenges in large scale integration include
a) flexibility requirement to handle high RE penetration
b) find the appropriate storage solutions and more importantly right mix of storage technology (battery, hydrogen, pumped
hydro etc) for RE integration that suits best for Indian power sector
c) adequate and sustainable plan for phasing down/out conventional generation in India
d) reliability of large-scale solar PV power generation
e) higher accuracy forecasting of renewable energy

A There is a pressing need to address the above stated issues for handling high penetration of renewable energy in the grid.

A Atrue consortium-based Institute, with industry and academic experts working together for right data (from industry/utility etc)
collection, interpretation, Al based forecasting, systems modelling is required (The industry experts maybe on deputation)
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Foreword , Y g

AAt >$20Tn of annual revenue, the transportation sector has major influences on the
economies of the world, as well as its potential impact on sustainability of our planet.

AWe areinthe midstofda 1 KS 5SOIFIRS 2F ¢NIXVYaF2NXI.UAZ2YE ©
to save the planet, this is also the decade where India is set to make its mark while riding on
the wave of many disruptions.

ARising Population & Increased Urbanizatidndia has 21 out of 30 most polluted cities in
the world. 1% Increase in urbanization leads to 0.24% increase in Co2 emiSsions. Need for
technology alternatives that mitigate the pollution levels.

AFew big factors that are set to transform mobility in next 10 years, are

ACarbon Reduction Goals (for Companies & Countries)
AUrbanization

ARenewable / Green Energy Growth

ADigital Tech. (enabled by 5G/6@T Al & ML)

AAcrass the globe, Mobility is going to ride on 4 pila8hared; Connected; Green;
Aufonomous. 2 30



Foreword ., Y g

A Carbon Dependent Power Generatieir6% Dependence on Coal for Total Power Generation.
Government has put in significant efforts to achieve 40% by Renewable. While Electrification
possible choice, some of the alternate fuels could provide an alternative option in the short to
middle term. '

A High Crude Consumption & Import BilW, 3W, Cars and Trucks consume one third of oil
Imports. Import dependence has risen from 77% in 20430 84% in 20139.

A GeoPolitical RisksL Y RA Qa4 RSLISYRSYyOé 2y LYLRZNIa F2N
Political Risks

A Fuels of the future; Electric Batteries, Hydrogen, Bigels, Natural gas are set to take a sizeable
share moving away from moving away from fossil fuels.

A India has committed to reducing the emissions intensity of its GDP 8% @r cent from 2005
levels.

>



Foreword ., o

AWhile we see Autonomous penetration slower in India, the global opportunity scale in all th.e,
above would present an enormous global business opportunity for employment creation.

AThe winners league table of 2030 would consist of countries that are able to ride this wave of

disruptions, not only meeting the climate goals and grow sustainably, but also become the ne
exporters and hubs for the global trades.

AUrbanization would proceed at a rapid pace, set to grow 2X from currentﬁd 3.5Bn urban

population, resulting growth in megacities (current 47 across the globe). All the megacities w«
have to plan integrated urban mobility models for sustainable future.

A As urbanization proceeds at a rapid pace, the growth models have to be sustainable, giving ri
Integrated urban mobility models, and have to plan synchronisation of public investments - put

private partnership, factoring shared mobility and public transport, last mile connectivity with
shared micremobility.

A Shared micramobility opportunity is significant for India. Est. market in China, EU & US could
reach $306$500 by 2030. 3 32
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b 2 N¥ patliéndent set a notbinding i /

goal to ensure that all cars sold should FinIand:l(PIan & Pay App in World which

be zero emissions-by,2025. includes Train, Taxi, Bike & Car share y
A
I China: ¢
USA: 199062019 Govt. funding ef US$31Mn ‘ 1. 99%Consumption of
to advance the H2 Infrastructure. California Fuel ' -
Cell Partnership targets to set up 1000 hydrogen S-btjjgzi IZritlﬂce)nworld

re-fuelling stations by 2030
G I 0O b aI revenuecollected
T | annually byextended

autoindustry

EU Transition to ultra low VI e\Ww )
carbon hydrogen / ‘

production by 2030. 3700

Germany 50% Growth of re_fue”ing stations are South Korean H2 Grou@K, Hyundai

Carsharing membership
since 2010

targeted by end of 2030 Motor, POSCO, Hanwha & Hyosur
to spend$38B by end of 20306n H2
production & distribution

World Population

1 billion (1804)A 7.8 billion (2020) India Natural Gas and LNG market is
Estimatedy, 9.8 billion(2050) expected to grow from US$ 19.7 billion in
' 2015 to US$ 30.7 billion by 2025 at a CAC

of 5.06% between 2016 and 2025

India Population Saudi Arabigh5B Plant to

470 Million Urban Population make green fuel for export
(28 years average age) 34




Moblility Eco - System Sc

Exampleg China

Taxi, rental, car pooling, P2P
rental, car sharing

1S

Car mobility /
Rental
880B

Aftermarket parts sales, vehicle
maintenance, auto refitting

Oil companies and gas
\stations

Media-buy advertising outdoor ﬁ
advertising; auto, show Licensing, and auto related taxes;
' Public tolls; public transportation; parking
sector
1506B

- US$1.4rillion in revenuecollected annually by thecurrent
son { iy extendedauto industry in China 35



Mobility ¢ VC Investments

By end of Q4, 2018 venture capital (VC) investment in transportationigiarneared $35Bn and is on track to double the
amount of fundraising a year ago. The bulk of this capital was directed towardshasieg platforms such as Ub&idi
Grab and Lyft, which have all raised $1Bn raegmds in2018. At the same time, median pm®ney valuations for
transportationrelated startups have almost doubled to $50Mn in 2018, up from $23 from prior year.

Venture Financing in Transportation Transportation Technology: Median Pre-Money
Technology: 20148018 Valuation and Median Deal Size20151 2018
Asia North America Europe Africa and Middle East Median Pre-Money Valuation © Median Deal Size
South America @ Deal Count s
500 $35B
450 $50M
e $50M
400
350 $25B $40M
@ 300 T
g 5208 &
5 250 $30M
e — $23M
5 20 A $19M
B 20 M
= $108B $14M
100
$10M
$5B $6M
50 $2M $3M $4M &
o) o) e
0 $0 $0
/ 2014 2015 2016 2017 2018 2015 2016 2017 2018

Source: S&P Capital 1Q, PitchBook and SVB analysis 36



3. India @2030



times — the number by
which GDP will have
multiplied by 2030

million people will live
in cities, nearly twice
the population of the
United States today

million people net
increase in working-age
population

percent of net new
employment will be
generated in cities

million urban households
will be middle class, up from
22 million today

>
Source MGI¢ $hdia@ Urban Awakeniri@Report

India@2030, |

cities will have population of
1 million plus, up from 42 today;
Europe has 35 today

trillion capital investment is
necessary to meet projected
demand in India’s cities

million square
meters of
commercial and
residential space
needs to be built—
or a new Chicago
every year

billion square meters of roads will
have to be paved, 20 times the
capacity added in the past decade

kilometers of metros and subways
will need to be constructed —

20 times the capacity added in
the past decade

38



India 2030 Policy & Strategy /

Proposed Threads/ .

National Mobility ’ :
Transformation Strategy

National Environment
& Clean Energy

Strategy . Advances Innovation, Science &

Technology Strategy

loT, Digital &

Cybersecurity Strategy Strategy for the Fourth

Industrial Revolution

Inter-Ministerial group along with Industry & Specialists core groups to formulate above 5 National Polic
papers for India@2030 Leadershigsg




4. India 2030: I\'/Iobility Transfor: ,
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Integrated Urban"'l\y)'biﬁty
Opportunities & benefits

\ o
- '.
. -.
-
-
Integrated Urban National Green
Mobility Objecti
Maintain globalwarmingas

per Paris Agreement

INCREASED INCREASED

RIDESHARING SAFETY
Global leaders in export for
EV, Alternate fuels &

> Hydrogen technology

a\

OPTIMIZEDJSE ECO-FRIENDLY
OFRESOURCES SOLUTIONS




Integrated Approach Connectivity

Better & Affordable New business &

Opt_lmlsed prban Urban Access




Mobility ¢ 5 Dimensions o

A Green Mobility (Propulsion Technology Transformations)

A Gradual transition from fossil fuels (Alternative Energy,-fassil fuels); : ;
A EV Adoption intecity operation & shared mobility

A Natural Gas Alternatives (CNG, LNG;@\)

A Hydrogen

A Connected Mobility

A Key enabling Technologies: Internet of Things, Connected Systems will be the entﬁﬁving force for telem
Technologies like ADAS, LIDAR will play a major role in safety and convenience of#driving.

A Shared MObilit}Connected and Autonomous Vehicles (CAVs) and MeasityService Klaa3

A Mobility EceSystem

A Key to the policy driven growth, synchronising public & private investments; driving employment & growth; ;
generating a caexistent ecesystem for multiple alternative transports.
A EVc charging infra, policy incentives, EV fleet policies, Alternative powertrains,

A Manage & Lead the Change (Opportunities & Risks).

A* How to ride the disruption. 4 43



Manage & Lead the Change /

A Advance the TCO curves, get consumers to experiment, build the initic:il adqption
momentum

A Fast track product & solution roadmaps, go for the best in class

A Invest before the curve, push for scale /

A Solve for the entire mobility ecosystem, not just rolling stock

A Build partnerships, drive disruption together and create-win for all stake holders

A Offer a stable policy support

A Lead the change in India, and build the muscle to take it to the global markets
44
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Electric Mobility- Overview o

A The global electric vehicle market is projected to grow f@million units in2019to rgach27 million units
by 2030 at a CAGR @f1.1%.

A EV acceleration varies by country. e.g., China EV nfatikees the size of Europe or US.
A More than300new EV models are expected to be marke2b25

A While global EV sales remain low, key factors that drive this cremeg@ush for CQ emission reduction,
policy and regulatory measures by respective countries, strategic public and privyvestments In crea
eco-systems including charging infra, incentivisatiand alsarising customer demanak

A Primary factors on customers side remain however, are the Value Proposition, Expected Range for sinc
charge (determined by Usage pattern), and availability of Charge Infra.

A Primary factors on governments side remain Energy Security, Reduction of high imports bill of Fossil Fu
CQ@ emissions, City pollution etc. Incentives for initial phase till Technology maturity (though Govt. also
losses tax revenues from substitution of fossil fuels).

A Countries that take lead can be successful with clear policy & strategic intent (including supporive eco

system as well as regulatory framework on carbon emissions).
46



State of Global Play rd

Q; .

us . China
A The US electric vehicles market is expected to reach 6.9 A Canalydorecastsl.9million EVs will be sold i@hinain 2021,
million unit sales by 2025, up from 1.4 million unit sales growth 0f51% and @% share of all cars sold@hina
forecast for 2020, due to government incentives driving EV
ownership, Frost & Sullivan, Nov. 19 A Plattsassessed battergrade lithium carbonate up Yuan
4,500 mt on Dec20 at Yuard8,000 mt while lithium
A Mild hybrid EVs (MHEVs) and fully hybrid EVs (FHEVs) would hydroxide was assessed Y000 mt higher at Yuan
account for the maximum market share of 89.6% combined 50,000 mt. Both assessments are DDP China basis.
in the EV market by 2025 Lithium carbonate prices are nowsat their highest level since

Jan.10, having gained Yua)000'mt since the intermittent
stop-start uptick that began Sep®.

N (@) rway Growth in electric-vehicle market share will vary by region through 2030.

Projected electric-vehicle share of light-vehicle market, %

~§

Ab2NB I & Qa LI NI-Binding$oaliio easBra thdt ally 2 y
cars sold should be zero emissions by 2025.

A Norway is the world leader in terms of EV adoption and sales United States?
penetration. Y

A 2019 was another big year, with nearly 13% YoY growth and

71% new PC sales penetration \
A EV sales in Norway crossed the 100K mark for the first time, P

getting closer to 100% penetration ~

A The success of EVs is being driven by strong incentivization,
#which makes EVs more economical than ICE vehicles and a
vast charging network




Chings Push for Global Leadershlp/

With about twothirds of the 3 million EVs worldwide made and used in China and is efner;glng as
a global leader in EV development and adoption

EV Sales Forecast by Global Region

10M

Chinese Camakers ™
5M

OM I T T T T T T T
2019 2020 2021 20222023 2024 2025 2026 2027

Number of Cars

aM

US Camakers 3M

2019 2020 2021 20222023 2024 2025 2026 2027

10M

Rest of the World Carmakers
6M

:
gOMA

2019 2020 2021 20222023 2024 2025 2026 2027

4

SourceTheWorld BankBloombergPitchBoolandSVRnalysis

Population of Five Largest Cities: China vs. US

Shenge

Chengdu

Quangzhau

23.4M 8.6M  NewYok
19.6M 4.0M Los Angeles
14.0M 2.7M Chicago
12.9M 2.3M Houson
12.7M l1.eM# Philadelphia
25M 15M 5M Y 15M 25M

Global Venture Investment in EVs: 2014 &018

$8 United Siates $6.4B
$6B China
B Hiurope
%8 P $4.58
B
$3B8 $2.38
2B $1.4B
$767M $711M
518 9960M T g rom o -
m —— | |
2015 24153 2017 2018



India E Application Spectrum & Ador

Despite slowdown in FY20 EV industry posts 20% growth in domestic sales

Out of 156,000 electric vehicles sold in FY20, 152,000 werewheelers, 3400 cars and 600 were buses T
2020 s, 2020 . 4
5.5% 600 f50% .
— 2019 .
2019
& LY RALI Qa H nroabilityd .

650V

L

Executive employeeommute

Premium personadpplication iiv .s

Sales to be electri 2030 translates

400V Into 102 mllllo;n. Vs:
A 70% of all commercial cars

300V

A 30% of private cars

A 40% of buses

A 80% of twewheeler (2W) and three
wheeler (3W)

Lastmile commute
Short distanceéntra city commute

Semad

48V Premium

2 3w Bus 49




6 Key Factors for EV. Adoption

a Energy Security

India oil imports bill $110bn in 2011, est. to
growto $180bn by 2030.

t KFaSR {KAFTUG G2 9+ OF
financially strapped poweutilities $11 billion a
year (700 billion rupees) in revenye&nough to
Odzi GKS aSOG2NXa FAYL

Source: Berkeley Lab report

%Charging Infra

Public Investments in charging infra.
Rules for new buildings and public placey
including parking lots.

Smart Grids

High Speed Charging stations esp. on lo
haul.

PublicPrivate partnerships and
incentivised investments by private
players.

éTotaI Cost of Ownership

High-speed e2W: TCO breakeven is achieved e
2W at about 40 Km/day usage

E Autos:for an average daily use case of 100
Km, TCO is about 15% lower than an ICE Autc
E4W: For an average daily use case of 120 K
TCO for an-dW is 12% lower than ICE 4W
EBus:TCO of a city-bus is 40% higher than a
diesel city bus. The FAMEsubsidy covers for
this differential in TCO and hence enables a
breakeven with its ICE counterpart.

Policy framework to encourage

manufacturing and selling of EVs

Framework to procure battery raw

material from countries with special

pricing

Gove to have JV/purchase mines outsidg

India for supply of battery raw material

Investments in R&D to scalg with

adzo aARASa (2 h9aQa
EV

.
Q/ Incentives

Incentives to improve value proposition f
customersg Registration Tax, GST rate to
bring down initial price.

Free parking lots, discounted road tolls
Free batterycharging points

Battery prices in India currently follow
global price trends; could reduce global
costs by as much & percent

. Battery Tech

Range worry

Raw material localization

Development of alternate material for batter
Local manufacturing of EV components and
new technologies to reduce cost from impor
Skilling manpower for future tech dev.
Advancements in cathode material and anof
technology could improve energy density,
prolonging battery life. Improved battery
Seﬁiciency ,reducing costs




Global Policy Outlook Incentives

Q
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X Axis- Total incentives on BEVs as a percentage of a mass market base vehicle

price

Norway - Thecurrent Governmenthasdecidedto keep
the incentives for zeroemissioncars until the end of
2021 After 2021 the incentives will be revised and
adjustedparallelwith the marketdevelopment

UK - The Government has cut the
electriccargrant from £3,000to £2,500
and excluded models that cost more

than £35,000

China'sEV subsidies- the standardpay
out last year was roughly RMBL8,000
($2,800). That discountin 2021 will be
reducedto aroundRMBL4,400

India:
Proposed Incentives for EV

Lower tax: reduced circulation or road
tax and are exempt from VAT &
registration fees

Municipality-owned parking lots to offer
free parking & discounted road tolls
Special transport lanes: access to
dedicated, fasimoving lanes

Free batterycharging points: An
increasing number of publiclynded
charging stations for users to charge fo
free

Growing demand, exploring high
volume sourcing of critical component
resulting in significant reduction of
costs

Keymarketshave provideda highlevel of incentivesto help grow marketshareof 9 + &hd thenhavetapered
off the incentives helpinghe EVmarket to groworganically



9+a Y ¢KS WYal |

KeyBEVmarkets,inn nn Qa The global electric vehicle market is projeeted to grow from*3 million
units in 2019 to reach 27 million units by 2030, at a CAGR of 21.1%

7,400 2,500 3,000 3,000
2030
L %, - , Canindiad SO2 Y S

top 3 EVmarkets

Investments irR & D Localization of Batteri

Investments in Infrastructure Leverage Export
—
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Opportunitiesfor |ndia

According to ResearchAndMarkets.com the global electric vehicle component markebjsted to reach $157.4 billiop by 2025 from : -
$22.2 billion in 2018 at a compound annual growth rate (CAGR) of 29.4 per cent durinipéferecast period of 2019 to 2024.

EVpowertrain subsystems Opportunityto create/growelectronics
hardware industry inindi

Batterymodule /pack
Creating manufacturing joder batteriesand the

PowerElectronics &

nghtwelghtlnglsa keynecessny‘or EVsand can

Light weightingechnologies

EachEV modetequiresmillions of lines ofoftware

Software

odeto operate,creating jobsn soft\



" » = s ¥ = ¢
Govt. of India Inlywe ;
j " e e
A The Government of India started Faster Adoption and Manufacturing of Hybrid and E icleswiedv

1t April 2015¢ | & Il scheme which provides financial incentives for attractive EV proauc?tion and creation o
electric transportation infrastructure. ®

S

5000 AME - Yearly fund allocated in (crores) Categoryamountin core) 201920 202021 202122 Total

165 Demand incenfives 822 4587 3187 | 8596
144

. _----
0.00

A The National Mission for Electric Mobility (NCEM) has launched the National Electric Mobility Mission Pla
(NEMMP) 2020 with an aim to invest INR 140 billion in the next 8 years for the development of electric
Infrastructure.

A Recently the Government released a wwmnged strategy aimed at both buyers and manufacturers, in whicl
offers $1.4 billion in subsidies to buyers while imposing a hike on import tariffs to increase manufacturing «
these %icles by domestic companies. 54



Multifaceted Strategy & Action Plan
Micro-Mobility Medium Mobility Long Distance

[ A Rental cycle access
A TCO reduce by domestic
manufacturing

Vi A Dedicated cycle lanes

%fj‘i D — A Charging infra setip

A Govt. incentive schemes to
boost adoption

- A Charging infra setip
i” , A Low cost products

_

- " : A Low cost products > A TCO low

A Fast charging solutions A Govt. incentives

A TCO low for high adoption

e A Fast charging stations A Govt. incentive schemes

A Range worry, not for long
distance

A Charging Infra
A Govt. fleet as early adopter

A Heavy & fast charging infra \n
urban, rural & highways is a :
in longhaul
challenge 5

A EV does not seem a solutio

A Solution for Range worry >




India E\¢, 10 year Opﬁggzi‘ni

Long term (16year)

Mobility .

A Electric Dozers / Mavators\

¥

A EV growth in both passenger & commercial segments: 2W, 3W,
A EBus segment to be deployed across smart cities

-

4& Electric Intercity & Long HauCV -
Investments in robust Power (.Bra';dSmart &
Flexible to deal with Renewable Energy

i=-----------_Technology------, --

R A

Investments in robust Power Grighst
charging .

1
A EV battery teclt power density, cost $/kW, scalagp i A Recycling & disposal of EV and Batteries
manufacturing i A EV battery tech New battery materials, powe
A EV system aggregates: : density, cost $/kW, scaledp manufacturing
A Motors 1 A Cells and Cell Component Manufacturing
A Invertors 't A ECUs, MCUs (HW)
A Controls & software ' A Fast and wireless Charging technology
A ECUs, DCUs A 1T AIK LISNF2NXEYOS O2YLziAy3as Dt} Qa
A Semiconductors LA

I

Interventions

Government Industry Academia
A Long Term Road Magpfor emissions, fuels A Setupa rr'u_achanism for industry to A Framework to work on technologies
' ’ and products across TRLs

: share focus areas

vehicle regulatory frgrgework




India- Key Actions / Opportunities / '

A Energy Transition

A Oil imports reductiorg with 25% shift from fossil fuels by 2030, we could save est. $40Bn of oil impor
as well as bring added revenue to cash strapped power utilities sector up to $11Bn billion a year (7(
billion rupees). ‘

A Shift to clean energy for the charging infra has a significant impact oamigsions, andan help India
meet its 2030 carbon reduction goals.

A Policy & regulatory framework (FAME. I/ FAME 11) /

A Review of current FAME policies to bring a synchronised incentivisation as well as boospiuditc
Investments to encourage EV manufacturing & sales

A Battery Tech & EV Components Sagle

A Invest in Battery Tech as well as clear roadmap for localized cell manufacturing as well battery mod:

A A large component of the cost structure, battery prices have rapidly fallen and could continue to dro
Battery prices in India currently follow global price trends

A Invest in key EV components, such as motors.



India- Key Actions / Opportunities / |

A Charging Infra:

A Shaping the charging egystem
A Key investments and development of infra at multi locations to ease to range worry

A Reskilling and development of complete esgstem /

A Academiandustry ecesystem for skilling and development in new EV tech

A Global Trade Exports Opportunity

A Investments in EV component manufacturing with a potential to becomes exports hub.
A Free batterycharging points

58



6. Alternate Fuels Natural

(CNG / LNG / BiGNG)



Natural Gas Outlook / '

A India and the US planto revamp the Indid &0 NF 6§ SIA O Sy SNHE& LI NIy SNE K/
focus on lowcarbon pathways and accelerating green energy cooperation and®a-8INO K QH*m | 3 N
prioritise greater collaboration in cleaner energy seetmofuels, CCUS, hydrogen production and carbon
sequestration through technology exchange, joint R&D through Partnership to Advance Clean Energy Res
(PACER)

A India Natural Gas and LNG market is expected to grow from US$ 19.7 billion in 2015 t@#US$ 30.7 billion b
a CAGR of 5.06% between 2016 and 2025

A India is planning a massive USD 66 billion investment in the building of gas infrastructure as the governm
pushes for greater use of the cleaner fuel with a view to cutting down carbon emissions.

A{KINBE 2F Yyl Gdz2N> f 3IFra& AYy LYRAIQa SYSNHé ol aisSia A
pipelines, city gas distribution, and LNG regasification terminals).

A Gouvt. is targeting 1,000 LNG stations in next 3 years, and is likely to @fth@Bscmdof NG demand by 2035.

A National Biofuel Policy is targeting blending of 20 per cent ethanol in petrol and 5 per centdiésed by 2030

' 4
https://www.livemint.com/industry/energy/indiaand-us-to-revampstrategicenergypartnershipl1617082630984.html 60

https://economictimes.indiatimes.com/industry/energy/egas/indiato-see66-billion-investmentin-gasinfrastructure/articleshav/79530384.cms?from=mdr




India- NG Infrastructure

INDIA'S GAS INFRASTRUCTURE ' :

Existing P/IL Network : 16200 KMS (430 MMSCMD) . »
Proposed additional P/L Network : 15000 KMS
Under Construction : 8000 KMS (400 MMSCMD

A Indiais 4th largestLNGimporter

A Additional Gas pipeling*network of
14500km in next 5 years

A NANQED
gL

Karimnagar
.

A By 2030 ¢ 10,000 stations across
400+ cities

GAIL Existing Pipelines
GAIL Prop: 1 Pipalines
. RGTIL Ea

Dabhol
LNG
Terminal

Existing Pipeline
CL Existing Pipelines

Kochi LNG
Terminal

oute a
= Authenticity of indi
rined from PNGRB




CNG "\ A

Developing CNG Corridors

Developing Green CNG corridors on major CNG ANY TIME
inter-city highwayswith setup of CNGstations | = @ | x g ANY WHERE
every50km. \&6 1 i S e o i
GreenCorridors wisiens Q) 00
1 Pilot for running CNGbusesfrom Delhito other Petrol/ Diesel supply apps in

cities had been planned in Feb 2019 by DTC Pune, Delhi & Mumbai

(DelhiTransportCorporation)

8 CNGbuses (Range700 kms per refill) have : : )
g been rocured(fromgAshokLe IIOandand)are in Mobile CNG refuelllng unit
P y A Gas Carrying capacityl 500kg

final stagesof regulatoryapprovals (> 150 cars )
1 Thepilot appearsto have met with operational A Concept being highly
delaycurrently, promoted by CGD for higher

penetration of gas usage in

GreenCorridorsunder Construction transport sector.
IGL plans to deploy at all

A VishakhapatnamgKovuurVijayawada National highway connecting
A DelhiAgra;FirozabadKanpugLucknovg Delhi
Vs Allahabad Varanasi

I 1 &
| 9
] il
.- f X f !
§ b L
\ 3
. ‘ﬁ '
L. —=

Mobile Cascade inaugurated Bol
62




Bio-CN( India Aspirations
A Estimated to replace twthirds2 ¥ LY RAI Qa bl 0
1. Mahindra World City, Chennai

which is currently at 429 billion cubic feet. _
A 17 operational Bi€CNG plants operational in India, with a A fc?g(\)/ergi flga?/zﬁ)b?;gfgatsons of food and kitchen waste

Combined capacity of 46,178 kg perday. A Can be enriched to yield 400 kg/day of purified CN(
grade and generated 4 tons of organic fertiliser is
produced every

Case Studies:

State-wise installed hio-CNG capacity (as of February 2018)

18,000 +—
Capacity No. of plants

16,000 T 5
14,000 +
12,000 +

10,000 ¢

[=]
o
o

Kg per day
[+

[«
Q
Q
o

|

4,000 ‘ 1
|
1

2,000 +
o 16,659 12,538 5,460 4,024 2,050

Maharashtra Guijarat Uttarakhand Rajasthan Haryana

Sources: Lok Sabha question dated March 15, 2018, answered by the MNRE; Renewable Watch Researc!

2. Carbon Masters, Bengaluru
A Production capacity of 1.6 tonnes of BENG per 40

A SATAT (Sustainable Alternative Towards Affordable Transport tonnes of wet waste.

Government Schemes to promote Feedstock for 3as

A Fertiliser production : 1 tonne against the capacity ¢

A Gobardhan Scheme
tonnes.

A Waste,to Energy Program




Bio-CNG( Sustainable Energy Solutio/q/ i

India’s 1st plant to

convert paddy straw

ol into biogas near Delhi
e VIS L CC P Seelses 0 . "7 40,000 T Paddyh

nvestment  SSssgieel, it B choidmmal . #®3 10000 kg CBG/Day

4

Bio CNG Plant at
MWC, Chennai

5000 CBG plant by
202324

First of its

kind project 400kg/day CNG
8000 _kg/day equivalent to 200kW
Bio-CNG Power Plant

4




To To

LNG | g

Gol- Vision :
LNG Station every 250 Km, Covering major highwaisue Corridars

Phase 1 (20222)
Covers 4000 km of National highway on Delhi
Mumbai & Southern corridors
Cater to anticipated 6500 LNG Trucks.
50 dispensing stations, Demand of 0.17 MTPA

Phase 2 (20224)
Covers Golden Quadrilateral & major highways
Cumulative 20,000 Trucks
1000 Dispensing stations
Demand of 1 MTPA

o o o I

light-duty bus & heavy-haul
automotive & industrial vocational trucks transport




India Portfolio of Achievements

DUALFUEL

DUAL

FUEL
SOLUTION

68 % Substitution in
Excavation

19 Hours Single Fill
Operations

£ 1,100 Per Year
Savings

HYURNDAI

Automotive Industry :

A Maruti Suzuki has sold 1.57 lakh CNG cars in FY21 (48% gr
over FY20). Offersffers- 8/14 models in CNG

A Hyundai, Tata also aggressively developing CNG variants

A Tata motors plans to sell 25,000 CNG trucks (Growth of 200
over last year)

A

Mahindra,Eicherand Sigfs;, 3 digit growth
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Alternate Fuels Maturity Requirements ,/

Fuel Details Technology Infrastructure.

CNG Can be used in modified ICE in place of Pe Vehicle& Storage Needfor City Gas
& Diesel. Technology in Place Infrastructure Buildout
LPG Limitedto smaller vehicles TechnologyAvailable City Distribution
Infrastructurerequired
LNG Best suited for Long Haul Vehictes VehicleStorage Technology Distrw remains a key
ParticularlyTrucks and Busesfrom a TCO  need to be localized challenge
perspective
Bio Diesel Form of Diesel made froma variety of Technologyenerally Distribution and Quality
sources availablebut fuel quality ole]plife]
challenges remain
Ethanol Used primary aa blend with gasoline or To develop flextuel Engines Distributionand Quality
Gy S| a¢é Control

Synthetic Fue Wide variety of Fuels that directly substitute Significanichallenges for Significantthallenges for
dieseland gasoline large scale production large scale production

e
Ed



10-Year Technoloﬁy/é
I G lmmomg

-

2 4 cina T, ) A Increased use of LNG, Ethanol etc. A 20% Penetration

= A Leverage existing fuels to increase penetration A Pilot batches on use of H2ICE and Fuel Cell A Increased use of

2 A CNG, LPG, Bibesel etc. o .

A Production for LNG cylinders A Technology for Alternate Fuel StorageNG, A Low cost orsite H2 Prod

& A Localization of key components used in Alternate Fuel Vehicles H2 etc. _ A Local Production of F Il & H2 Storage

= A Fuel Cell development for Vehicle use IEULS

£ A Technology for Green Hydrogen production

E A Battery for use in H2 Fuel Cell vehicles

-
-
_A__
Government ' Industry Academia
A Incentives for settin.g up CNG, LNG, stations & investment in A Product Portfolio focused on Alternative Fuels A  Framework to work on technologies and
renewable power A Increased'R&D focus on Alternate Fuel Vehicles products across TRLs

9 A Fuel CosLof Alternate Fuels managed to enable TCO competltlveness q partnershlps and alliances A Focus of research of Alternate fue
S A 5 Year Roadmap for Alternative Fuels e A IS
o
c
O A
=



Key ActionsMohility o
A 5¢ 10 Year Alternate Fuel Map to enable all the stakeholders to align and optimize resources )

A Regulatory framework for distribution, dispensing and use of alternate fuel . .

A Maintain favorable economics for Alternate Fuels vs Existing Elgtsiting other fuels in high congestion arez
Tax rebates etc.

A Marketing Alternate Fuels across segments and incentivize OEMs to manufacture variety of Alternate veh
support Penetration by incentivizing STUSs.

A Incentivize existing City Gas Distribution players to expand pipeline infrastructure and retail stesipesially in
Key Metro areas.

A Single Window Clearance Mechanism to setup retail stationsinosm regulatory approval from PESO & local
municipalities, etc.

A Phased Manufacturing Program for the local manufacturing of critical components in the production, stora
vehicle.

A Support R&D of Technologies required for the-Bgstemc as some of them will not succeed and individual
stake-helder would be risk averse 69
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Hydrogen Global Qverview 7

A Significant Committed investments in Green Hydrogen watie ¢ prod, storage, transporta.tion and dispensir
A Major countries have a stated Hydrogen Policy

A USA : 2990¢ 1st Hydrogen R&D Act by US Govt. 2@1Bovt. funding of US$ 3dn to advance the H2
Infrastructure. California Fuel Cell Partnership targets to set up 1000 hydrodeellfag stations by 2030

A Europe :2003¢ 25 EU nations launched Europeatiriftastructure & Technology R&D program. 2019 Hydroge
Road Map. Transition to ultra low carbon hydrogen production by 2030. 34eHeng stat)pns are targeted by
end of 2030. i

A EU Hydrogen StrategyTo decarbonize Industry, Transport, Power Generation & Builditmgansform this
potential into realityc investments, regulation, market creation, and research and innovation

A Japan H-established as National Energy. 2a1% US$ 88in budget on R&D and $ 50®n budget on
construction subsidies for H2 Stations. 20Ruilding up a commercial based domestic system for efficiently
distributing hydrogen.

A China: Hydrogen is listed as Top 15 Tech & Infra programs of Govt. Targets 5,008lIfuehicles by 2020 and 1
million by 2030. Tax exemptions for hydrogen vehicles. Wuhan as a hydrogen city with up to 100 fuelling s
for around 5,000 fuetell vehicles by 2025.

' 4
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India Hydrogen Policy & Scale at National kkevel

A National Hydrogen Energy Road Map (NHERM) published by Ministry of New & Renewable Energy .
(MNRE) has set up clear milestones for India Hydrogen Economy |

A Two major initiative programs of NHERM Board

A Green Initiative for Future Transport (GIETo develop & demonstrate-plowered IC engines and
Fuel cell based vehicles

A Green Initiative for Power Generation (GIP)
" 4

Original Target of GQIPre-Covid
H-Cost@ INR 600/Kg by 2020

Post Covid (Current State) 2021 Perspective
A H-Cost at delivery point @ INR 240 /Kg
A H-Storage capacity ~2% weight
A Budgeted spend by GOI onitifra: INR 25,000 Cr

A Three HDispensing stations, One Pure H2 & TWOMG
blend

A Three vehicles by manufacturegdata Motors and M&M

H-Storage capacity target 9% weight

Adequate supporting infrastructure &
Dispensing stations

Pre-Covid Target: 1,000,000\ hicles

7,50,000 two/three wheelers, 150,000
cars/taxis and 100,000 buses, vans.

A Safety & regulation legislations to be in place




Infrastructure Implications of GOI Hydrogen)( S|on

A GOl is revising its approach ofrifra and generation capacity plan
A GIFT Vision to Demonstrate 1 million Hydrogen Vehicles would need 7,000 Ton@psgloﬂ&y.

A Green Initiative for Power Generation(GiBetup 1,000MW Hydrogen Based Power Generation capac

A 50MW small IC engine stand alone generators

A 50MW stand alone fuel cell power packs

A 400MW Gas Turbine Based Power Plants /
A 500MW Central Fuel Cell Power Plants

A 900 MW aggregate capacity centralized plant

A Hydrogen bulk storage and pipeline systems to be in place
A Infrastructure spend by GQIINR 25,000 Cr

Assumptions:

A Cars will run on Fuel Cells only

A 3-wheelers will run on both ICE & FCs
A Buses & Heavy machines will run only on Hydrogen ICE
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Hydrogen Fuelling Infrastructure in India®"

iy | nirastiucIUTEiBi s Y INDIAN GAS INFRASTRUCTURE
Indian Oil Corporation (IOCL) (  gFermmininteghudbicie

|

Gujrat State Petroleum Corporation

Hindustan Petroleum ,.“.f"““.': .
- (amv‘unﬂ'.. J

Bharat Petroleum %
Reliance Group '

Too oo o o o

.
-
.
.

Pipelines tend to run in major cities andg Ry, \ /A, oo R O exsting
for industrial applications/buses _ O W s, [ upcoming
‘ A Transmission Pipelines
- c \ s 47 Existin
Key challenge is Bulk delivery SN angrrg® KmSmABIAN | s " GAL's Planned Pipeine
KOLHAPU}".'. HYDERABAD % o** RIL's East West Pipeline
i | . .,".’ VWAYAWADA | wmmsmm RIL’s Planned Pipgline_
. . c . %, : | NELLORE .. GSPC's Planned Pipeline
Liquid/Gaseous Hydrogen providers in \unsyi: o o Gity Gas/ CNG
i Weee**  § MRUCHCHIRAPALLI J{ LNG Terminal
mm i ccmarc_-:\f"'
A I n OX A P : ( _ JTUTICORIN
A Air Liquide
A Praxair
A Linde Presence Picture courtesy Gas Authority of India Lt
A Eden HythandL&T)
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Hydrogen Vehic"l'e/s,in Inc

\\\\\\ ﬂ (11 l
ﬁ -

Passenger Vehicles planned by 2023 by World manufacturers in India

A ToyotaMirai (range 500km)
A Honda Clarity (range 590km)
A Hyundai Tucson Fuel Cell (425 k

. = =/ \\" “ : 7 Yk (i R -y = == 7
/ 7 75



JCB Announces Hydrogen Fuel
Combustion Engine Technology

Heawy equipment manufacturer JCB Announced a hydrogen-fueled piston engine that emits no COZ and believes it will help the
g transportation industry reach the UK government’s zero-emissions target faster than existing solutions.

According to the survey, JCB has a new engine JCB Diesel Max 4484 Cylinder Engine However, significant changes to the top end not
only do not produce CO2, but both have significant advantages over the fairly expensive battery-powered electric and hydrogen fuel
cell solutions.




Key Recommendations : ¥

Need to develop a Hydrogen Strategy blueprint / National Hydrogen Energy Road N

India must explore ICE technology fuelled by Hydrageast impact on current supply
chain. II'TD research project 2006

Distribution- Experience from ¥CNG project to benefit in develop

A Switchover to Fuel cell route to be made once Fuel cells become cost competitive.

A/ LL &aK2z2dzZ R F2NX |  RSRAOMNRUDAHE dl2ée FONNBT Siys

strategy
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8. 10T& Connected

Internet of things

10T

|

‘l!‘r&‘\ -
-~

LS G

v“*‘ - = ) = = o) - e ) A B
a %. - \ &}\ ! ‘ | x
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0T - Global Scale o

A loTconnected devices estimated 24.1 billion by 2030, from 7.6 billion active in 2019

A 2030 revenue US$1.5 trillion, from 2019 US$465 billion.

ALYRAI KIFa 62N RQa {oFghdtB grajectiang tahbeat AV gsBmatzsi S |
A By 2023, c. 25% of all passenger cars in use worldwide will be connected. 4

A Shared mobility set to transform (daily rides on shared platforms will increase from 1 million i
2017 to 11 million in 2025).

A By 2025 17% of rides will be using shared mobility, compared to 10% in 2017.

A Global 5G enabledoTmarket will react$314.6 billionby 2030, growing by 26.9% annually over
20202030 despite the impact of COVID



Global l1oT connections forecast Global loT market revenue by 2025*

Billion - Billion
25

US$1.1t

Global IoT market revenue spilit :

A 68% from Platforms, applications & services
A 27% from loT professional services
A 5% from connectivity

Global loT connections by region Share of loT revenue in 2025
Billion

Global 10T devices regional split (of 24 billion est. ] Billion
devices by 2025) : asiarpacific [ 0. Platforms, appiications
Morth America 1.5 -
e ] . L. . - loT Fr':'ffiﬁli:?'f'_?_l
A Greater China region (comprising China and Europe services
Taiwan) is the largest with 6.9 billion atin Amarica 10 Connectivity | 5%

A Europe at 5.5 billion
A NA 5.2 billion
A India >5 billion
A ROW <1.6 billion Sub Saaran Afic

MEMNA

=

Flatforms, applications and services

CIs segment spans multiple lo

as platforms, application sen
cloud, data analytics and security.

L]
h = h 5
La o B = )

-

loT professional services include
2017 2025E system integration, managed services
and consulting.

Source: GSMA, IDC, *Mote: Excluding loT hardware revenue (device, module and chipsel)

Can India leverage global opportunity
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Willingnesgo CarShare byseneratiorandRegion

50%

40%

30%
20%
1%

0%

== Millennials
Generation X

W Baby Boomers

35%

40M
30M
20M
10M

oM

Number of People Worldwide V\./h'o

* Share Vehicles

2006

2009

2012

2015

2018 2021

2024

China
Mexico

Spain

Brazil
us
UK

%

Percentag®ef PeopléWho UseRide
SharingService®yCountry

51%
46%
38%
35%
33%

30% /
30%

136 20% 30% 40% 50%

Source: GoldmanSachs,  Dalia Researchand  Staista  courtesy SVB Analysis 81



Shared Mobility; Private Capital ~ #

The Japanese conglomerate Soft Bank has made waves by writing big checks. It has made multibillion $ investments
sharing companies around the globe, including china, India and Brazil, while the number of companies IS concentratec
United States ’ '

SoftBank: Breakdown of SharedTransportation by

SoftBank Investments in SharedTransportation Company by Country

Companies: 201432018

%)
e [ ] ; 0/

s 99 “~ UBER - M Oter Re-Shaiing .
Singapore
$10B Indiia
$9B =
[ ]
$3B ks
$78 I T e
$68B — — T SoftBank: Breakdown of Shared Transportation
4B - s L by Investment by Country
= - - <
Gy, SN - — P L
us
sl L SR — — L = L= Brazil 43%
$1B || . 1% . China
Singapore
$0

India
2014 2015 2016 2017 2018
»

Source: PitchBook and mky SVB analysis 82



India Opporttjpity .

e / ) -. ' "o
A India expected to have 5 billion connected devices by 2022, with nue. Indian loT Mgrket Is Set
to USD ~15 Billion by 2021, (Zinnov, 19 Jun, 2020).

—

A The loTenabled sensors market Indiais anticipated to expand at a AGRI0-62.96% to reach a value of |
81.07 billion by 2024, from INR 4.83 billion in 2018 {{;"

A India Smart Cities Mission to ralit 100 smart cities within t 0 b : dusensors han
and optimize city operations propelling the growth of th

A In line with theD 2 lvi§ign of a Digital India, the Departme ectronics ar ormation Technology (DF
f FdzyOKSR LYRAFQa FANRUO RNJ Fé ““lf‘)f O D2 QD
building US$15b Indian IoT market and enabling India to hold v ;i"’? Industry.

N i
A~

A National Digital Communications Policy (2018), has set futuristie 4;“ policy initiatives for communic

and access of digital services in India. This policy aims to create dmap for the emerging technologie:

R ;

like loT and may result in improving the efficiency and economic Dgr

/ I't 83



Cyber
security
(]

&

CYBER SECURITY

Beneflts A Reduction of Crime A Navigation assistance A Remote diagnosis A Enhanced environmental
A Accident Alerts A Vehicle tracking A Over the air upgrades monitoring
SpeCtrU m A Crime Detection and A Traffic assistance A Remote immobilization A Reduction in emissions
Resolution A Video and audio A V2x Communication
A

f A Theft and Tow Alerts entertainment A Fleet management

"



W,

10-Year Technolo‘g'y,S'p"

_ _— ‘e
O sommeen g o (a0

I . 5 | ] - - == -

_ A Connecteql I\/.Iul'emodal. transport solutions i A Connected Intemodal solutions ! A Maturity buil nnected\ities
= U ITROIE BT | N \  forrural areas - i A Urban & rural connected \
S A Mobility solut!gns fqr last mile connectivity i i infrastructure and transport system

: (Shared mobility; Bicycleg Walk) . ,

> A AV sensors & voice recognition i A ADASX Sensors & Technology i
8 A Adaptive sensors in smart traffic lights i A V2V (Vehicle to Vehicle) !
g A loT A V2l ( Vehicle to Infrastructure) !

S8 A AI/ML penetration I A V2X (Vehicle to everything) |

" A Bid Data & Analytics, clotidfra A5G ]

i A Cybersecurity ' A Active Safety Systems !

i A vav,val, vax 9 !

e ———————————
Government : Industry Academia
A Long Term Road Mapfor policy & regulatory frameworkA Set up a mechanism for industry to A Framework to work on technologies

A Draft Policy 2016 & National Digital Communications Policyshare focus areas for future and products across TRLs

Interventions



o’ 1}

Key Actions. ’

A 10T Technology Blueprint, with aim for global leadership with integrated manu-facturing strategy. 2025 -
blueprint manufacturing endjame strategy with globally integrated suplyain. - :

A Ubiquitous connectivity, Inte®perability, Security, Device Authentication, with policy and standards /
guidelines for data, privacy, cybsecurity including cryptography and encryption as a foundation for
Connected Vehicles.

A Under Digital India umbrella, invest on skill and capability building, digital Iiterac%nhancement of
entire Mobility ecesystem. -

A Focus on building or boosting enabling infrastructure be it in terms of electronics, connectivity or device
etc.

Opportunities

loT Technology Leadership Leverage Market Growth
Global Manufacturers Global Exports

' "":. .
. MRKE NI < 2%

MADE FOR THE v)b LD |
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9. Integrated Urban Mobility Model
4

Cities of the Future
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Integrated Urban Mobility; |

Carpooling/
Ride sharing

Rent al

Bike sharing

r sharing

‘Intermodal  mobility

Chi

A By 2030 China will have
+ 23 mega cities that hold

Consumer  behaviors Emerging mobility
providers

n anéws urbanization Regulation and policies
.

A VKT by private cars
dropped continuously A Complement public -transit

A City planners revise land

" use plans and rethink urban
@
g more than .131 mn people sprawl A Cost, convenience and system |
e A Integrating small cities A Turn the existing vehicle - timeliness become top A Increase  service
and towns into new centric transport  ecosystem priority when choosing availability, —drive cost
= megaregion to amore transit and transport modals downandmeet r i der so
= " . ian fri - diverse demands /
= A High speed trains pedestrianfriendly  one A On-demand and real -time
(@] ‘connecting  outskirts to mobility becoming A Continueto grow in
hub cities within one -hour commonplace ! significance

commute

88
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Smart Cities : A Global Mega Trend

Smart Mobility: Intelligent Mobility

Advanced traffic
ment system
(ATNS)

+ Parking management
ITS-enabled
transportation pricing
system

Surveillance
Biometrics
Simulation modeling
and crime protection
C2 and response

Smart Energy: Digital Management of
Energy

Smart Bulldings: Automated Intelligent
Buildings

+ Bullding Automation
+ Intelligent Buildings:
Advanced HVAC,

Lighting Equipment

r 7 4

Smart Infrastructure: Digital Management of
Infrastructure

« Sansor networks

+ Digital water and
Wwast management

Smart Governance and Smart Education;
Government.on-the-Go

« aGovernment

+ eEducation

« Disaster management
solutions

Sman Healthcare: Intelligent Healthcare
Technology

+ Use of eHealth and
mHeaith systems
* Imelligent and

RS EUTESS FEFERTY, U IUL S DT TR BIEE SRRTER TR £ SUS SOT S P TR 2 ) PPITTN Ehe] devices

Smart Technology': Seamiess Connectiviry Smart Citizen'; Civic Digital Natives |

» 4G connectivity

+ Super broadband + Use of green mobility

+ Free Wi-Fi options

» 1Gbps download + Sman Mestyle cholces
speods i




India- Nagpur IntefModal Project /

ALL ABOUT
INTRA-MODAL

STATION

FuturisticAjni
station, Nagpur

A Govt. sanrcr:‘?g Rs.10@0for
Ajniinter-modal station

A Nagpur Metro will link the
city airport to the station

A Bus terminal with 400 bays
will be constructed and
Integrated with Metro station
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11. 2¢ 5¢ 10 year Roadmap

Mobility, Tech & Interventions



Mobility ¢ Next 10.years

Mobility

A Urban Mobility Solutions Maturity

A Urban Mobility Framework
A Multi-modal transport solutions (Metr®Rait

Airport-TaxtBus)
A Rapid Transit System (Metro) A Fuels- Policy, Framework & Infra:
A Mobility solutions for last mile connectivity A EV Charging infrastructure
(Shared mobility; Bicyclec Walk) A CNG/LNG
A Bio-CNG
A Hydrogen
A Fuels- Policy, Framework & Infra: _
A EV Charging infrastructure A Inter-city & Long Haul CV:
A CNG/LNG A Electric Trucks
A BioCNG A Hydrogen
A CNG/LNG

Micro Mobility Vehicles A Investments in robust Power Grid
g Smart & Flexible to deal with

> »/" :
¥ \ “;&g&&L grid, V2G
e A Others:
Ly A Battery disposal
2l A Recycling of IC Vehicles

9

__ “"" “"\"‘
Renewable Energffast charging, Smart

Y

Long term (2030)

.
A Urban Mobility Solutions Long term scalep

A Autonomous Vehicles

A Fuels- Policy, Framework & Infra:
A EV Charging infrastructure
A CNG/LNG
A Bio-CN
A Hydrogén

A Off-Highway Vehicles:
A Electric Dozers / Dumpers /
Excavators
A Hydrogen

A Recycling of EV and Batteries

A Maturity scaleup for Mobility Ece
systems
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Technology; Next 10 years ;

Electric Vehicles:
A EV battery teclt power density, cost $/kW, scalegp
manufacturing
A EV system aggregates:
A Motors
A Invertors
A Controls & software
A ECUs, DCUs
A Semiconductors

Alternate fuels:
A CNGI/LNG
A Bio-CNGc waste to energy process tech scalp
A Hydrogen storage tanks

Technology

Connected:

AV sensors & voice recognition
Adaptive sensors in smart traffic lights
loT

AlI/ML penetration

Bid Data & Analytics, clotidfra
Cybersecurity

AFV2V, V21, V2X

To To T T To Do

Medium term (2025)
Electric Vehicles:

A EV battery tech New battery materials,

power density, cost $/kW, scalag
manufacturing

ECUs, MCUs (HW)

o T To

A1 A3K

Alternate fuels:
A CNGJ/LNG

A Bio-CNG; waste to energy process

tech scaleup
A Green Hydrogen production

Connected:

ADAS; Sensors & Technology
V2V (Vehicle to Vehicle)

V2I ( Vehicle to Infrastructure)
V2X ( Vehicle to everything)
5G

Active Safety Systems

9

To Too Too To To o

Cells and Cell Component Manufacturing

Longtenn(2036)

Electric Vehicles:

A Fuel Cells, Solid State Batteries
A Next Generation Cell Chemistries
A ADAS; Sensors & Technology

Fast and wireless Charging technology Autonomous Vehicles:
LISNF 2 NI yOS 032 YLAdzm

2ensold k GE5A

A Deep neural networks

Alternate fuels:

A Green Hydrogen production
scaleup

Connected:
A V2V (Vehicle to Vehicle)
A V2l (Vehicle to Infrastructure)
A V2X ( Vehicle to everything)

A Maturity scaleup for Mobility Ece
systems
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To B0 T To To T To To Po o To Do Do Do I» Do

To o

Interventions

Government; Academia; Industry Ecosystem

Government

Long Term Road Mapfor emissions, fuels, vehicle regulato
framework

Standards; CASE

Incentives for buying Electric VehicteBersonal Vehicles
Facilitate seed funding for staups

Invest in infrastructure

Standards for Chargers, Swap Battery Standards
Debottleneck mobilityg toll booths, ports

Legal and statutory framework to implement / exploit CASE
Mechanism for startups, industry and academic-egstem |
Framing Test regulations & Policies
Regulation on Scrapping the IC Engineer Vehicles, Shared
Mobility Regulations, Human safety Regulations
Recycling of outdated vehicles

Kickstart Green Hydrogen E&ystem

Supply Chain dasked from GeePolitical scenarios
Policy to deal with transition from ICE to EV & Others
Develop & Drive Raw material esgstem to enable lower
import content in New TechnologiesViotors, Batteries,
Hydrogen Tanks etc.

Battery Disposal Protocol and Policies

Regulation on Scrapping Electric Vehicles

Ry

o o Do DeI» Do

A

. Engagement opportunities with Stamps

Set up a mechanism for industry to shar'eA

focus areas ;
Startups to present their ideas; |ndustry|
and build startups ecesystem

EMI/EMC, RADHAZ, validation

Vehicle safety , fail safe methods,
Diagnostic trouble codes

Commitment to Alternate Energy Option
and Co2 reduction

for coinnovation and development
Virtual product engineering solution

F————---

A

S

T

’

Mature ecasystem between trio
Framework for industry and academic
institutions to identify, and work on
technologies and products across TRLs
Continuous updating of Tech courses

embedded in riculum
Facilitate demic institutions to
collaborate with MSME technology

centres
Tech courses embedded in curriculum
which includes above technologies

94



10. Key Actions & Recommendatio
Summary Mobility



. r;r‘rk

A Framework for A Collaborate with A Long Term ‘Q. Mag A Infrastructure for cycle
technology Global players for for vehicle lanes
readiness levels blueprint and tech regulaton ' Single ticket travel
transfer framey

Mobility- Key Actions & Recc

A Collaborate with A Investi Blueprint strategy
MSME tech centr ' Invest in future

manufacturing

capability

Alternate
Fuels

Electric

Mobility
Roadmap

" India 2030 Mobility Strategy Mobility Strategy



