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UNPARALLELED GROWTH IN ENERGY USE

Ballooning Primary Energy Demand
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The primary energy supply has increased from 680 Mtoe to 888.5 Mtoe, translating into a
30.6% increase in supply over the last decade from 2010-11 to 2020-21.




1.2 Increasing final energy consumption

Sector-wise Energy Consumption Trend
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*  With 23 exajoules (EJ) of final energy consumption, India is the third largest energy-consuming country
after China and the United States of America.

« While the Indian agriculture sector is key from an economic perspective, its share of the nation’s final
energy consumption has remained between 4-5%.

* Theindustry sector in India consumed 13 EJ in 2020-21, constituting more than 50% of India's total final
energy consumption.

* Thetransport sector is dominated by road transport and the ever-increasing demand for private cars resulted
in the highest increase in sectoral energy consumption rising from 0.8 EJ in 2011-12 to 2 EJ in 2020-21.
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1.3 Rising electricity consumption and supply capacities

Sector-wise Electricity Consumption Trend H
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The electricity consumption has risen at a rate of 5% per annum and nearly doubling itself in the last decade
from 785 Billion Units (BU) in FY12 t01,296 BU in FY22 (inlcuding captive).

Industrial and residential electricity demand continue to rise at a steady pace to take the largest pie of the
total electricity share.

In 2020-21, a slight decrease in electricity consumption is observed owing to the COVID-19 pandemic.
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Installed Capacity (GW)

India's electricity installed capacity 28
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In line with the demand, the electricity capacity has increased at a rate of 7% per annum in the last
decade.

The power system has doubled itself from 200 GW in 2011-12 to 399 GW in 2021-22. As on January 2023,
India has installed a total power system capacity of 411.6 GW.

The decade of 2011 and 2022 has seen a remarkable addition of clean energy particularly from wind and
solar — 0.9 GW to 63.3 GW for solar and 17.4 GW to 41.9 GW for wind.
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Peak Demand (GW)

Electricity Requirement (BU)

Peak Demand Vs Deficit 94
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The decade saw a
phenomenal improvement
in the reliability of power
supply. The peak demand
shortages plummeted
from 10.6% to 1.2%, and
the electricity demand
shortage has been
reduced to a mere 0.4%.
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1.5 Key Drivers for Energy Growth

1.5.1 GDP per capita vs Population@8
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* GDP per capita has increased at a year-on-year growth rate of 4.2% between 2011-12 to 2021-22, while
the population has increased with a CAGR of 1.2% during the same period.




1.5.2 Expanding built up area

Urban & Rural Residential Built-up Area
(in billion metre square)
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e The‘World Population Prospects
2022@ by United Nations
projects India's population to
rise to 1,667 million by 2050.

* India is expected to urbanize
50% of its population by 2050 .
This translates to an urbanized
fleet of almost 834 million. To
put this in perspective, this
will be almost two times the
population of United States of
America in 2050 |
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1.5.3 Rising Industrial Electricity Consumption™
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Qﬂ; Electricity Consumption (TWh)*

*Including captive

* Aboostinindustrial growth has resulted in aremarkable increase of 51% in industrial electricity consumption
in India since 2011-12, making it the highest electricity consuming sector.



1.5.4 Penetration of cleaner fuels (LPG replacing Kerosene)

LPG and Kerosene consumption in Residential Sector ™
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* The Pradhan Mantri Ujjwala Yojana (PMUY) has propelled the growth of cleaner fuels like LPG, PNG and
replaced kerosene or biomass for cooking in households.

* Hence, the share of LPG consumption in the residential sector has risen from 62% in 2011-12 to 95% in
2021-22.

* PG active domestic connections has doubled itself from 14.86 crore in 2015 to 30.53 crore in 2022.






¥







THE INEVITABLE TRANSITION TO RENEWABLE ENERGY

2.1 Robust RE Growth
2.1.1 Rising RE Capacity Addition

Rate of renewable energy capacity addition in India (MW/day) BF
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The data for RE capacity Includes Large Hydro

* In 2022-23, over a 10 months period, the RE capacity installations average at 39 MW/day as compared
with 17 MW/day in 2011-12, registering more than a two-fold increase.

* The rate of RE capacity addition has increased from 6,366 MW/per year in 2011-12 to 15,965 MW/year
in 2021-22.

This translates to a cumulative RE capacity (including large hydro) of 64 GWin 2011-12to 157 GW in 2021-22.
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2.1.2 Growing role of renewables in total electricity consumption®
30
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Percentage of RE in Total Electricity Consumption
* The trend of RE (including large hydro) in total electricity consumption at the national level is increasing
rapidly and is around 20% mark in 2021-22.

2.1.3 Increasing penetration of Rooftop Solar

Trends in Solar PV Topologies &

70000 10,221
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% 50000 6,646
= 4,440
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20000 35 646 45,793
o000 26,384 AT '
0 2018-19 2019-20 2020-21 2021-22 2022-23e
470@ Utility Scale (MW) Solar Rooftop (MW)

* In 2022-23, rooftop solar will be around 10.2 GW in comparison to just 1.7 GW in 2018-19.

* The rooftop solar capacity addition has grown at a CAGR of 56.9% in the last 5 years.
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2.1

Capacity (MW)

.4 Robust rooftop solar growth led by Commercial and Industrial sector

Solar Rooftop Customer Category Trend =
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Most installations have occurred in commercial and industrial segments owing to the better economic
sense established over several years.

While all the categories have shown a tremendous increase, the public sector stood out with the installed
capacity set to increase 7-fold by 2022-23.
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2.2.1 Deploying efficient RE technologies on the ground

Improving Efficiency of Solar Modules™
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Percentage of Solar Module Efficiency
* The efficiency of solar modules is increasing year-on-year and hovers around the 21% mark.

Bifacial modules garnering significant interest®

Percentage of

Bifacial Manufacturers * Using bifacial modules for large-scale utility projects

helps in reducing the Levelised Cost of Energy (LCOE).
25% 24% Moreover, bifacial modules are resistant to Potential

20% Induced Degradation (PID).

. * InIndia, the percentage of bifacial module manufacturers
15% has increased from 11% in 2018 to 24% in 2022.
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Soaring heights of Wind Turbines™
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3.8 MW

o
~~ T~— 25MW

149
120
I | I I

2019 2022 2035

% Rotor Diameter (m) % Hub Height (m) % Total Height (m)

* The wind turbine power generating capacity is captured above the bars in MW.

« With the significant increase in rotor diameter (14%) and the hub height (23%) of Wind Turbine Generators
(WTGs) in 2022 in comparison to 2019, there is a concurrent increase in the power generation capacity
(52%). Thus, a reduced number of wind turbines will be needed to generate the same amount of power.



USD Billion

Rising investments in Renewable Energy EIEIEAEZ
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Investments in Renewable Energy is increasing at a CAGR of 4.36% since 2010. However, the amount is
still far away from the needed USD 18.5-25 Billion/year to meet India’s 2030 RE targets.

For conventional energy, the investments are decreasing at a CAGR of 0.67% from 2010 showcasing India's
commitment to decarbonizing the power sector.
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2.2.2 Declining costs for RE installations
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* Solarcapacity has increased eight times in the last 7 years emboldened by the decrease in per MW CAPEX cost.
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Solar PV Module cost trends &
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* Prices for both mono-crystalline and multi-crystalline cells and modules decreased till 2020. However, post

that, strict COVID restrictions in China and the increase in commodity prices due to the Russia-Ukraine war
have led to an increase in the cost.
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* Thewind capacity and CAPEX have plateaued in the last four years with an average installation of 1.5 GW/
year. This indicates that there are several issues marring the growth of the wind ecosystem.



Wind Turbine Generator Cost Trend
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* Forwind, since India has a large capacity for manufacturing wind turbines, the global shocks did not have
much impact. Between 2015 and 2021, the cost of turbines has been reduced by a CAGR of 4.6%.

2.2.3 Renewable energy continuing to make economic sense

Tariff Trend &
14
12
10
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» Solar PV tariffs have decreased substantially since 2010. Over the past 2—3 years, the tariff is hovering
between INR 2-3/kWh. For Wind, the reverse auctions kicked in 2017 and since then the tariffs have seen
a consistent trend revolving around INR 3/kWh.

* Incomparison to coal-based generation, both renewable energy technologies started making better financial
sense since 2017.
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“LOW-COST NO-REGRET” ENERGY EFFICIENCY
STRATEGY CONTINUES TO BE THE BEDROCK

3.1 Energy Efficiency placed on a level playing field with RE

Global Weighted Average LCOE of Various Interventions (USD $/kWh) &

0.048
* Since the LCOE of
0.035 EE is at par with
0.033 other RE generation
. . technologies, it is

- worth consideration
@ @ asaprudent strategy.

Energy Efficiency Large scale solar PV Large scale wind

3.2 Greening the Grid

Weighted Average Emission Rate incl. RES
1.00
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* The grid emission factor is a metric to measure the CO, released with each unit of electricity produced. The
power generation is one of largest sources of emissions in India. Hence, decarbonisation of the electricity
grid holds utmostimportance. The average emission rate in 2021-221is 0.72 kgCO,/kWh which is proposed
to be lowered to 0.52 by 2026-27 and further to 0.44 by 2031-32.



3.3 Revolutionizing the lighting sector of India

Quantity (millions)

Sales trends of lamps with different lighting technologies @
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As on 15th February 2023, total 36.86 Crore LEDs were distributed under the UJALA scheme launched in
January 2015.

Odishais leading the LED distribution programme and has distributed 5.22 Crore LEDs in the state. Gujarat
and Uttar Pradesh are other leading states having distributed 4.14 Crore and 2.62 Crore LEDs respectively.
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* The UJALA scheme was the biggest bulk procurement energy efficiency programme that resulted in large

scale production and penetration of LEDs in India. Between 2014 to 2017, the procurement price of a 7W
LED saw a significant decline from INR 310 to INR 38.

3.4 Five-star appliances making headway in Indian buildings

Percentage of households using appliances in 201 9%

Lighting

Fan

TV

Refrigerator
Washing machine
Water heater

Air Conditioner

M Urban

20%

¥ Rural

40%

60% 80%

Share of efficient appliances

100%

Owing to various
large scale
energy efficiency
programmes such
as UJALA and
Standards and
Labeling Program,
the lighting
sector accounted
for the highest
penetration of
efficientappliances
followed by TV and
Air conditioning.



3.5 Mandating Energy Efficiency improvements in

the industry sector®

- DCs Notified: 478

(zg’g fg;‘:.lls) - Estimated energy consumption reduction:
6.69 Mtoe
+ DCs Notified: 621
(201 E_A-I'I;(t:gczlg '|||8-1 9) + Estimated energy consumption reduction:
8.87 Mtoe
PAT Cycle II + DCs Notified: 116

(2017-18 to 2019-20) 1.06 Mtoe

- DCs Notified: 106

(201|2I9(iyc)c'2%I2\10-21) + Estimated energy consumption reduction:
0.70 Mtoe
PAT Cycle V * DCs Notified: 110

(2019-20 to 2021-22) 0.51 Mtoe

PAT Cycle VI
(2020-21 to 2022-23)

PAT Cycle VII + DCs Notified: 509

(2022-23 to 2024-25)

- Estimated energy consumption reduction:

- Estimated energy consumption reduction:

- Estimated energy consumption reduction:
6.63 Mtoe

Implementation of PAT
Cycle-l has resulted in energy
savings of 8.67 Mtoe which
is 1.25% of India’s total
primary energy supply and
translating into emission
reduction of about 31 million
tonnes of CO, (1.93% of
India’s emissions).

PAT Cycle-ll has resulted in
total energy savings of about
13.28 Mtoe whichis 1.46% of
India’s total primary energy
consumptionin2018-19. The
energy savings translate into
avoiding emission reduction
of 61 million tonnes of CO,
(2.5% of India’s emissions).

Increased investments
reported for energy efficient
technologies in PAT Cycle-|
and Cycle-Il are INR 26,000
Crore and INR 43,721 Crore,
respectively.

PAT Cycle-lll has achieved
65% higher energy savings
over the estimated energy
consumption reduction of
1.06 Mtoe.



3.6 Electrification leading to efficiency in the transport sector
Estimated Fuel Savings due to EV penetration EE&
800
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Ll

2012-13 2013-14 2014-15 2015-16  2016-17  2017-18  2018-19 2019-20  2020-21 2021-22  2022-23

Fuel Savings ('000 tonnes)

o

Petrol 1 1 2 3 7 14 28 41 58 125 278
Diesel 2 4 6 22 78 180 309 464 540 639 7
CNG 0 0 0 1 4 6 7 10 38 207 571

@ Petrol Diesel @ CNG

* The number of EVs registered in the country has seen phenomenal growth rising from 4,065 electric vehicles
in2012-13t04,38,763 EVs in 2021-22. Further, the number of EV's registered have almost doubled to 9,13,882
in the 2022-23 (as on 31st January 2023).

* The total savings due to electric vehicle penetration has been estimated based on the year-on-year
electric vehicle registration data from VAHAN Dashboard.

* To estimate the fuel-wise savings: segment-wise average km run in a year and vehicle efficiency taken
from different sources. Fuel-wise distribution of the electric vehicles was done based on the share of
petrol, diesel, and CNG based vehicle registered w.r.t total vehicle registered in that particular year in order
to estimate the fuel-wise savings.






ADVANCES IN NEW
TECHNOLOGIES CAN BE







ADVANCES IN NEW TECHNOLOGIES CAN BE
A HAIL OF SILVER BULLETS

4.1 Making RE Dispatchable via Energy Storage

4.1.1 Mainstreaming Gravimetric Energy Storage #&=&®

o o o

Gravity Power

Energy Vault Gravitricity

Shaft of Old Mines m

Roundtrip EfﬂCiency

— m—

e | —
4

» Battery energy storage cannot be the sole technology relied on to make RE dispatchable. Gravimetric energy
storage of various OEMs can come to aid. Their round-trip efficiency is on par with battery technology and
at the same time, the project life cycle is four times better with minimal maintenance needed.

Structure Type Boxlike Buildings

Response Time (sec)

Lifecycle (yrs)




4.1.2 Declining Cost of Various Battery Technologies

Technology-wise Trend of Battery Prices =
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‘ Lithium-ion Flow Batteries ' Na-based Lead-Acid

 Li-ion battery prices have reduced considerably but the prices are expected to increase slightly till 2030
owing to its ongoing value chain issues.

* Metal-air batteries are another key technology to look out for as it brings safety and reliability into the
picture. The current cost of metal-air battery hovers around USD 250/kWh which is expected to decrease
owing to an increase in R&D investments.
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4.2 Green Hydrogen to Decarbonize the Hard-to-Abate Sectors

4.2.1 Levelised Cost of Hydrogen (LCOH) trends for various
electrolyser technologies®

LCOH (INR/kg)

Of all the three technologies,

Alkaline electrolysers provide the
298 Polymer Electrolyte . y P .

lowest levelised cost of generating

Membrane
green hydrogen in India at around
INR 263/kg. This is keeping in
Alkaline mind that the price of electricity
considered for analysisis INR 3.32/
kWh (ex-busbar of solar PV plant).

Solid-Oxide

Electrolyzer Technologies

4.2.2 Water and Electricity needed to meet India's green hydrogen target™

* Green Hydrogen is likely to be at the heart of the
global race to achieve economy-wide net-zero

Hydrogen production capacity by 2030. The
enabling factors to achieving this target are
mentioned in the adjacent figure.

India has a target of achieving 5 MMT of Green

Key Assumptions

F;%ggpam|tydas Olf Sep’ﬁer(rj]ber 50 kWh of electricity needed to produce 1 kg of hydrogen
(relsing evgalmyeie) e 9 kg of purified water needed to produce 1 kg of green
hydrogen

GW e 6.453 kWh of electricity needed to purify 10 kg of water
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4.2.3 Upcoming Electrolyser Manfacturing Capacity in India @==EEHEE

Adani Group — CRT +
Adani - Total energies

Type not specified

5+2 ow

Capacity
Ohmium

. Polymer Electrolyte
Alkaline Electrolyzer Membrane
26w
Capacity Capacity

capacity target
to achieve

5 MMT

green hydrogen

‘70’ production
URING

Greenko ZeroC-
John Cockerill

Alkaline Electrolyzer

Larsen & Toubro -
HydrogenPro

Alkaline Electrolyzer
2 cw

1 GW Capacity

Capacity

HOMI Hydrogen — JV of h2e Power,
Blue Basic AMA Engineering, and
GreenStat Hydrogen India

All existing commercially available technologies

1.5 6w

Capacity

* 16 GW of electrolyser manufacturing capacity is expected to be operational by 2025 in India. Of this, alkaline
electrolyzer technology is the preferred technology type.

e For India to meet its 56 MMT target of green hydrogen by 2030, around 50 GW of electrolyzer capacity
must be online by 2030. Clearly, there is a huge opportunity for the private sector to ride this bandwagon.



4.3 Ratcheting up Transport Sector Electrification

4.3.1 Reduction in charging time for Electric Vehicles

Existing Charging Capabilities™

[ #]

Numbered
as per less
charging
timing

Type , Capacity (kW) Charging Time (in minutes)
C—) Future Type Expected Year Technology Charging Time (in minutes)
@.’ Scope Quantum Charging
* with Global Operation 2035 DC 0.15

* With a 150 kW DC charger, the charging time to boost 210 km will be around 12 minutes.

* With quantum charging prospects getting clearer, the charging time can be reduced to less than half a
minute by 2035.

Key Assumptions * Final SOC-80%

« Battery Capacity of EV- 50 kWh e Battery Capacity to be Charged- 30 kWh

e Current SOC- 20% e Per kWh Distance Travelled — 7 kms/ kWh
e Total Distance Boost- 210 kms
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4.3.2 Settling the debate on VxG viability

Impact of Various Strategies on Battery Degradation for a Year (%) =

14.99%

12.3%
10.6%
8.6%

V16 V2G VxG

-16%

Gentle Charging Profile Intensive Charging Profile

» Cenex along with several other partners demonstrated the impact of V2G on battery life. Two profiles of
vehicles were kept under the lens i.e., the Gentle profile where the SOC doesn't drop significantly during
the day, and the Intensive profile which has a higher Depth of Discharge.

* |twas seen that the VXG strategy balances both calendar and cycle ageing which has improved the battery
life by 8.6% in the gentle profile and 12.3% in the intensive profile over a year.

44









RAMPING UP THE PACE OF ELECTRIFICATION
OF END-USE APPLICATIONS

5.1 Growing technology-wise Vehicle Penetration in India

Growth of Technology-wise Vehicle Penetration in India =

87%

68% 69/
53%
42%
34%
8.93 13% 9.15
939 15%
2 79 6 85/ 3 96% 6.09% i 4. 94/ I _3 37 4, 96%

15 2015-16 2016-17 2017-18 2018-19 201920 021 2021-22  2022-23

(Ason
January
2023)

-26/ _25%

-42.49%
EV ICE

» Penetration of electric vehicles has increased rapidly year on year. In 2022-23, a 53% increase in EVs was
observed in comparison to the previous year.

-36%

* On the flip side, the percentage increase of ICE vehicles has remained low.



5.2 Concomitant increase in EV uptake and EV manufacturers®

% of EV sales against
total vehicle sales
a

6-OQ

*Data for 2022-23 was considered till 31st January 2023
**Data for 2012-13 was considered based on desk research as the FAME scheme was not launched then.

Electric Vehicle
manufacturers

» Faster Adoption and Manufacturing of Hybrid & Electric Vehicles-1 (FAME-1) launched in 2015 and the
successive phase launched in 2079 have been the bedrock for India’s strategy to electrify the transportation
sector in conjunction with the timely release of state EV policies.



5.3 Leading States with highest EV shares

States with highest EV/ICE share against total respective vehicle category* =

22.00%
14.30%
11.59%
9.63% 9.26%
7.53% 1.65%
6.36% 6.60%
3.07%
Uttar Pradesh Delhi Maharashtra Karnataka Rajasthan
«Updated till 31st January, 2023 EV ICE

¢ Uttar Pradesh (UP) emerges as the shining star in India’s EV journey. To date, 22% of total EVs sold in
India belong to UP.

* Delhi comes second with 9.63% of the total EV share owing to its progressive EV policy.



5.4 Increasing Investments in India's EV market

Total investment in EV industry &

(USD Million) 1718

* The interest of investors in the
electrification of the transport sector
is soaring.

e |n 2021, the total investments in the
EV sector in India touched USD 1.7
billion which is around 9.5 times the
previous year. Over the next 5 years,
investments to the tune of USD 12.6

13 8 6 181 billion are estimated B

2015 2016 2017 2018 2019 2020 2021

5.5 Growing share of the population with access to clean
cooking fuels®

Proportion of population with access to clean fuels for cooking in India (%) & 67 9%
. (o)
63.9%

59.8%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

» Due to many government interventions such as PMUY, almost 68% of the population now has access to
cleaner cooking fuels. However, the Indian Residential Energy Survey (IRES) that was conducted in 2020
indicates that more than 70% of Indian households use LPG as a primary fuel, but more than half of Indian
households still have not fully switched to modern, clean cooking fuels or technologies®

* Itfurther stated ~5% of the total households have shifted to electric cooking or RE based cooking solutions.
This translates to a penetration of 10.3% in urban households and only 2.7 % among rural households.=
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Fuel share in Primary Energy (%)==
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20%

0%
2010-11  2011-12  2012-13 2013-14 2014-16 2015-16  20716-17 2017-18 2018-19 2019-20 2020-21
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*The primary energy demand excludes the traditional use of solid biomass.

* The share of coal and oil has remained at a high of 80%-90% of the primary energy supply in the last decade.

* Further, India has been adding large-scale Renewable energy to decarbonize its power sector. The share
of electricity generation from renewables (excluding large hydro) has almost doubled itself from 6.5% to
12.2% over the last decade of FY12 and FY22.

» Traditionally Biomass has been a source that is dominantly used for cooking and heating purposes in rural
households. In 2021, this accounted for 22%-32%% & of the total primary energy use in India.
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Share of Imports (%)

90%
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Coal Qil Natural Gas Overall

Despite the ballooning energy demand in the last decade, the import dependency has almost hovered
between 30-40% of the total primary energy demand.

However, India's energy imports rose by 61% in the last 10 years from 9,139 PJ in 2010-11 to 14,671 PJ
in 2020-21.

India possesses the world's fifth-largest coal reserves but is also one of the world's major coal importers.

The rising need for clean cooking and transport use has more than doubled the share of Natural gas imports
from 20% to 50% between 2010-11 and 2020-21.

While the demand for imported crude oil has risen sluggishly at a 2% CAGR; this translates to meeting
more than 90% of the crude oil supply for the country.
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10,000 9,491 9426
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1,000
128 135 154

2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21*

6 Electricity exported Electricity imported

For the first time in 2016-17, India became a net exporter of electricity.
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6.4.1 Solar PV modules

Trend of Solar PV Manufacturing Capacity in India (MW)®

25935
19800
21681
ALMM
Approved Module
Manufacturing
Capacity
8400
4895
3100
Total Cell Total Module Total Cell Total Module Pipeline Module
Manufacturing Manufacutring Manufacturing Manufacutring Manufacturing
Capacity Capacity Capacity Capacity Capacity
2018 2023 2025

(As on January 2023)

* The total module manufacturing capacity has more than doubled since 2018 and is around 21 GW under
the Approved List of Models and Manufacturers (ALMM) of Solar PV banner as of January 2023. However,
the total manufacturing capacity exceeds 25 GW.

* There s also a lucrative pipeline of module manufacturing capacity of ~20 GW by 2025.

» Though the cell manufacturing capacity has increased by ~1.5 times since 2018, this is bound to increase
further owing to the PLI scheme.
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State-wise Solar PV manufacturing

* Gujarat leads solar manufacturing across all the States in India with 9,549 MW of capacity. The distant
second is Maharashtra with one-fourth the value of Gujarat at 2,446 MW.



6.4.2 Wind Turbines

Capacity (in MW)

A
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The Wind Turbine
Generator (WTG)
manufacturing
capacity has
almost doubled
since 2018 and has
reached 15 GW in
2022.

Of 15 GW, Siemens
Gamesa, Vestas,
and Suzlon
have a total
manufacturing
capacity of 11.2
GW comprising
75% of the total
manufacturing
capacity in India.



Ethanol Blending in India (%) =
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* India has reached halfway to realizing its 2025-26 ethanol blending target of 20%.

* The ramp-up in ethanol production has taken steam in the last two years when the ethanol production
capacity doubled from 173 crore liters in 2019-20 to 332 crore liters in 2020-21.



India's Reserve (in million tonnes) @&
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* By 2032, India's battery energy storage requirement will be around 257.77 GWh. It is of paramount
Importance that we explore looking at multiple battery chemistries.

* Recently, Geological Survey of India (GSI) have intimated the presence of around 5.9 million tonnes of
lithium in Reasi district of Jammu and Kashmir (UT). Though these kind of reserves put India on the global
map, these are still less in comparison to other mineral reserves.

e Aluminium is the most abundant mineral/ metal found in India. The focus should be enhanced to transition
Aluminium-air batteries from lab to market.

* (Qdisha leads the way by having the highest reserves of several key minerals/ metals.
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; INDIA AND GLOBAL STANDARDS

7.1 Global share of primary energy reserves in India

Global share in primary energy reserves EEIE
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* India accounts for almost 10% of the global coal reserves.
* QOil & Gas share in the global reserves are 0.3% and 0.7% in the year 2020, respectively.
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The top-10 RE deploying cohort of nations has remained fairly
consistent with at least 9 countries making the list in 2022 as well
in comparison to 2011.

With a total RE capacity of around 152 GW, India has improved its
ranking from 7th in 2015 to 4th in 2021. This underscores India’s
consistent strides to meet global climate commitments.
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* The cooling energy gapH s calculated as a difference between the cooling demand with universal access
to fans and AC vs the current access.

 India represents 44% of the total global space cooling gap. This is the highest amongst all countries in
the global south.

e ~1.7 billion Indian people will be potentially exposed to heat stress and affected by the cooling gap of
335TWh/ year for an indoor temperature of 26 degrees Celsius. This is also the highest among all the
countries in the Global South.
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* South Korea leads globally with a ratio of 0.47 signifying that the country has more public chargers and
a smaller percentage of EVs.

* InIndia, the deployment of public chargers is ramping up with around 6561 public chargers already deployed
and around 4 lakh public chargers are targeted till 2026. It is heartening to know that India's EVSE/EV ratio
is at par with the ideal standard.

66



10.

11.

BIBLIOGRAPHY

IEA. 2022. World Energy Outlook. Annual, IEA. Accessed
December 06, 2022. https://bit.ly/3P5DJz1.

MoSPI. 2022. Energy Statistics. Annual, New Delhi:
MoSPI. Accessed December 06, 2022. https://bit.
ly/3VClagw.

MoSPI. Multi year Reports. Energy Statistics,. Annual,
New Delhi: MoSPI. Accessed December 06,2022. https://
bit.ly/3VMQdhi

CEA. Monthly Report. Installed Capacity. New Delhi: CEA.
Accessed December 06, 2022. https://bit.ly/3UBA8dd

Vasudha Foundation. 2022. Vasudha Power Info Hub.
Accessed September 02,2022. https://vasudhapower.in

CEA. Monthly Report. Power Supply. New Delhi: CEA.
Accessed December 06, 2022. https://bit.ly/3F6RQz]

Vasudha Foundation. 2022. Vasudha Power Info Hub.
Accessed September 02, 2022. https://vasudhapower.in

MoSPI. 2022. National Statistical Office. New Delhi:
MoSPI. Accessed December 06, 2022. https://bit.
ly/3h0OKeg;.

National Commission on Population. 2020. Report of
the Technical Group on Population Projections. New
Delhi: Ministry of Health and Family Welfare. Accessed
December 06, 2022. https://bit.ly/3P6mJslz

United Nations. 2022. World Population Prospects.
Department of Economic and Social Affairs. Accessed
December 06, 2022. https://bit.ly/3iFIhBb.

Maithel, S., Chandiwala, S., Bhanware, P., Rawal, R.,
Kumar, S., Gupta, V., Jain, M. June 2020. Developing cost-
effective and low-carbon options to meet India’s space
cooling demand in urban residential buildings through

12.

13.

14.

15.

16.

17.

18.

19.

20.

2050. India Energy Transformation Platform. Accessed
December 06, 2022. https://bit.ly/3iApDcJ.

Reserve Bank of India. 2021-22. Handbook of Statistics
on Indian Economy. New Delhi: RBI. Accessed December
06, 2022. https://bit.ly/3FvOnmrz.

MoSPI. 2021. Energy Statistics. New Delhi: MoSPI.
Accessed December 06, 2022. https://bit.ly/3Y3fg8M.

NITI Aayog. 2021. India Energy Dashboard. New Delhi:
NITI Aayog. Accessed December 06, 2022. https://bit.
ly/3h1vG9J.

MoSPI.2021 & 2022. Energy Statistics. New Delhi: MoSPI.
Accessed December 06, 2022. https://bit.ly/3Y3fg8M.

India RE Navigator. 2022. Rooftop Solar. Accessed
September 10, 2022. https://india-re-navigator.com/
rooftop

ENF Solar. 2022. Product Directory. Accessed on
October 05,2022. https://www.enfsolar.com/pv/panel-
datasheet/crystalline/49114

NPCS Entrepreneur India. 2022. “Solar Panel”.
Accessed on October 04, 2022. chrome-extension://
efaidnbmnnnibpcajpcglclefindmkaj/https://www.
entrepreneurindia.co/Document/Download/
pdfanddoc-248453-.pdf

DTU Wind Energy. 2021. DTU International Energy
Report 2021: Perspectives on Wind Energy. Accessed
on October 10,2022. https://backend.orbit.dtu.dk/
ws/portalfiles/portal/268853138/L.05343_Vindenergi_
rapport_low_02022022.pdf

Shakti Foundation. 2019. State of Renewable
Energy in India. Accessed October 03, 2022. https://



21.

22.

23.

24,

25.

26.

27.

28.

29.

shaktifoundation.in/report/the-state-of-renewable-
energy-in-india-2019/.

Climate Policy Initiative. 2022. Landscape of Green
Finance in India. Accessed October 03, 2022. https://
www.climatepolicyinitiative.org/publication/landscape-
of-green-finance-in-india-2022/.

Institute for Energy Economics and Financial Analysis.
2022. Renewable Energy Investment Surges in India.
Accessed October 03, 2022. https://ieefa.org/sites/
default/files/2022-06/Renewables%20Investment%20
Trends%20in%20India-June_2022.pdf

India Budget.2022. Expenditure budget statement
ministry wise. Accessed October 03, 2022. https://www.
indiabudget.gov.in/previous_union_budget.php.

Exchange Rates UK. 2022. Accessed October 03, 2022.
https://www.exchangerates.org.uk/USD-INR-spot-
exchange-rates-history-2021.html.

India RE Navigator. 2022. Price Trends. Accessed on
October 06, 2022. https://india-re-navigator.com/utility/
price-trends

NITI Aayog. 2015. Report of the Expert Group on 175 GW
RE by 2022. Accessed on November 04, 2022. https://
www.niti.gov.in/sites/default/files/energy/175-GW-
Renewable-Energy.pdf

U.S. Department of Energy. 2022. “Land-Based Wind
Market Report”. Accessed on October 10, 2022. https://
emp.lbl.gov/wind-technologies-market-report

India RE Navigator. 2022. Commissioned and Pipeline
Capacity. Accessed on October 06, 2022. https://india-
re-navigator.com/utility

MERCOM India. 2022. “Renewable Projects Remain
Cost-Competitive Through 2021 Amid Fuel Crisis”.
Accessed on October 10, 2022. https://mercomindia.
com/renewable-projects-remain-cost-competitive-
through-2021/

68

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41,

CEA. 2021. CO2 Baseline Database for the Indian Power
Sector. New Delhi: CEA. Accessed December 06, 2022.
https://bit.ly/3VFHaij.

ELCOMA. 2018-19. Lighting Industry Data. ELCOMA.
Accessed December 06, 2022. https://bit.ly/3P2MB8o.

Ministry of Power. 2022. From Darkness to Light. New
Delhi: MoP. Accessed December 06, 2022. https://bit.
ly/3VSBIrZ.

IEA.2021. India Energy Outlook. IEA. Accessed December
06, 2022. https://bit.ly/3hTm3la.

MoP. 2022. Status of Implementation of National Mission
for Enhanced Energy Efficiency (NMEEE). New Delhi: PIB.
Accessed December 06, 2022. https://bit.ly/3IEUAMS.

VAHAN Dashboard. 2022. “Vehicle Registration data.”
Accessed December 06, 2022. https://bit.ly/3VVUWO04.

Vasudha's Analysis

Energy Vault. 2022. “"EV Announces Commercial
Availability of it's Storage Technology”. Accessed on
November 14, 2022. https://www.energyvault.com/
newsroom/energy-vault-announces-commercial-
availability-of-transformative-utility-scale-energy-
storage-technology#:~:text=Millisecond%20
response%20ramp%20time%20with,%2C%20black%20
start%2C%20etc.)

Gravitricity. 2022. Technology. Accessed on November
14,2022. https://gravitricity.com/technology/

"

Recharge. 2022. “Half the price of Li-ion” new gravity-
based energy storage concept heads for trials”. Accessed
on November 14,2022. https://www.rechargenews.com/
technology/half-the-price-of-li-ion-new-gravity-based-
energy-storage-concept-heads-for-trials/2-1-866255

Sciencedirect. 2022. “Roundtrip Efficiency”. Accessed on
November 14, 2022. https://www.sciencedirect.com/
topics/engineering/round-trip-efficiency

India Energy Storage Alliance. 2022



42.

43.

44,

45.

46.

47.

48.

MERCOM India. 2022. “Adani Partners with Cavendish
Renewables to Develop Hydrogen Electrolyzer Tech”.
Accessed on October 04, 2022. https://mercomindia.
com/adani-partners-with-cavendish-hydrogen-
electrolyzer-tech/

Hydrogen Central. 2022. “India: TotalEnergies and Adani
Join Forces to Create a World-Class Green Hydrogen
Company, Atarting with S5B Investment in a 2 GW
Electrolyzer". Accessed on October 04, 2022. https://
hydrogen-central.com/india-totalenergies-adani-join-
forces-create-world-class-green-hydrogen-company-
atarting-bb-investment-2-gw-electrolyzer/

Financial Express. 2021. “Clean hydrogen: Reliance
Industries bets big on green energy”. Accessed on
October 04, 2022. https://www.financialexpress.com/
industry/clean-hydrogen-reliance-industries-bets-big-on-
green-energy/2323714/

Larsen & Toubro. 2022. “L&T signs MoU with
HydrogenPro for manufacturing Hydrogen Electrolysers
in India". Accessed on October 04, 2022. https://www.
larsentoubro.com/pressreleases/2022/2022-01-27-
lt-signs-mou-with-hydrogenpro-for-manufacturing-
hydrogen-electrolysers-in-india/

The Hindu- Business Line. 2022. “Pune-based H2e
Power to set up 1GW electrolyser plant”. Accessed on
October 04, 2022. https://www.thehindubusinessline.
com/companies/pune-based-h2e-power-to-set-up-1gw-
electrolyser-plant/article64852483.ece

Mint. 2022. “Green-ko in tie-up for electrolyzer plant”.
Accessed on October 04, 2022. https://www.livemint.
com/companies/news/greenko-john-cockerill-to-set-
up-electrolyzer-factory-in-india-11649675097100.htm|

Recharge News. 2022. “Ohmium to quadruple hydrogen
electrolyser capacity to 2GW in India by end of
year”. Accessed on October 04, 2022. https://www.
rechargenews.com/energy-transition/ohmium-to-
quadruple-hydrogen-electrolyser-capacity-to-2gw-in-
india-by-end-of-year/2-1-1203054

69

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

CENEX. 2022. EV-elocity Project Final Report. Accessed
on October 10, 2022. https://www.ev-elocity.com/
wp-content/uploads/2022/06/EV-elocity-Final-Report_
published-compressed.pdf

VAHAN SEWA Dashboard. 2022. Accessed on
September 30, 2022. https://vahan.parivahan.gov.in/
vahan4dashboard/vahan/view/reportview.xhtml

NITI Aayog e-AMRIT Portal. 2022. https://e-amrit.niti.
gov.in/home

EY India. 2022. "Electrifying Indian mobility: Accelerating
the pace of electric mobility”. Accessed on October
10, 2022. https://www.ey.com/en_in/automotive-
transportation/electrifying-indian-mobility-accelerating-
the-pace-of-electric-mobility

Mint. 2022. “Investors stay bullish on Indian EV market”.
Accessed on October 10, 2022. https://www.livemint.
com/companies/news/investors-stay-bullish-on-indian-
ev-market-11662906352274.html

Modern and clean cooking fuels are fuels with very low
levels of polluting emissions when burned. Examples
include biogas, LPG, electricity, ethanol, natural gas, and
solar power (BLEENS)

Our World in Data. 2021. “Share of the population with
access to clean fuels for cooking.” Accessed December
06, 2022. https://bit.ly/3P2X0B4.

CEEW. 2021. "More than 70% of Indian households use
LPG as primary cooking fuel." Accessed December 06,
2022. https://bit.ly/3FEzqrv.

Economic Times. 2021. “Delhi, Tamil Nadu lead India's
transition to electric cooking with 17% adoption.”
Accessed December 06, 2022. https://bit.ly/3uu9nN8.

BP.2021. “BP Energy Charting tool.” Accessed December
06, 2022. https://on.bp.com/3iKnWtu.

Enerdata. 20217. India Energy Information. Enerdata.
Accessed December 06, 2022. https://bit.ly/3YOLzON.



60.

61.

62.

63.

64.

65.

66.

Uddipta Ghosh, Debasish Das, Debargha Banerjee,
Susrita Karmakar, Jagriti Das. 2021. “Biomass Energy
Potential in India: A Review." Accessed December 06,
2022. https://bit.ly/3BbKIG7.

MNRE. 2022. UPdation of List-I (Manufacturers and
Models of Solar PV modules) of ALMM order, 2019.
Accessed on October 10, 2022. chrome-extension://
efaidnbmnnnibpcajpcglclefindmkaj/https://www.,
egmagpro.com/wp-content/uploads/2022/09/
file_f-1664344717734_compressed-1-10.pdf

Indian Wind Turbine Manufacturers Association. 2022

NITI Aayog. 2021. Roadmap for ethanol blending
in India 2020-25. Accessed on November 04, 2022.
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/
https://www.niti.gov.in/sites/default/files/2021-06/
EthanolBlendinglnindia_compressed.pdf

Indian Bureau of Mines. 2022. “Indian Minerals Yearbook
2020". Accessed on October 04, 2022. https://ibm.gov.
in/?c=pages&m=index&id=1588

Press Bureau of India. 2021. Department of Atomic
Energy. Accessed on October 04, 2022. https://pib.gov.
in/PressReleseDetail.aspx?PRID=1727883

Our World in Data. 2021. “Coal Reserves." Accessed
December 06, 2022. https://bit.ly/3hcBb5v.

70

67.

68.

69.

70.

1.

72.

73.

Our World in Data. 2021. “Gas Reserves.” Accessed
December 06, 2022. https://bit.ly/3F7C7|C.

Our World in Data. 2021. “Oil Reserves.”" Accessed
December 06, 2022. https://bit.ly/3Fv4KIS.

Our World in Data. 2021. “Energy Consumption by
Source.” Accessed December 06, 2022. https://bit.
ly/3ut7HDw.

Alessio Mastrucci , Edward Byers , Shonali Pachauri ,
Narasimha D. Rao, Improving the SDG energy poverty
targets: residential cooling needs in the Global South,
Energy & Buildings (2019), doi: https://doi.org/10.1016/j.
enbuild.2019.01.015

The cooling energy gap is the additional energy needed
by everyone to reach to a particular thermal comfort level.

BEE India. 2022. EVYatra. Accessed on November 10,
2022. https://evyatra.beeindia.gov.in/

International Journal of Engineering and Technical
Research. 2022. Using Multi-Server Single Line Queuing
Analysis to Design Electric Vehicle Charging Bays
Optimally. Accessed on October 10,2022. https://www.
researchgate.net/publication/359315105_Using_Multi-
Server_Single_Line_Queuing_Analysis_to_Design_
Electric_Vehicle_Charging_Bays_Optimally



Abbreviations

AC

AC

AFID

BU

CAGR

CAPEX

CFL

CUF

DC

EE

EJ

EV

EVSE

FAME

GDP

GW

ICE

LCOE

Air Conditioner

Alternating Current

Alternative Fuel Infrastructure Directive
Billion Unit

Compound Annual Growth Rate
Capital Expenditure

Compact Fluorescent Lamp
Capacity Utilization Factor

Direct Current

Energy Efficiency

Exajoule

Electric Vehicle

Electric Vehicle Supply Equipment

Faster Adoption and Manufacturing
of Hybrid and Electric Vehicles

Gross Domestic Product
Gigawatt
Internal Combustion Engine

Levelised Cost of Energy

LCOH

LED

MMT

MTOE

MW

OEMs

PAT

PID

PJ

PMUY

RE

SoC

UJALA

V1G

V2G

VxG

WEO

WTGs

Levelised Cost of Hydrogen

Light Emitting Diode

Million Metric Tonne

Million Tonne of Qil Equivalent
Megawatt

Original Equipment Manufacturers
Perform Achieve and Trade
Potential Induced Degradation
Petajoule

Pradhan Mantri Ujjwala Yojana
Renewable Energy

State of Charge

Unnat Jyoti by Affordable LEDs for All

Smart charging without feeding back into
the grid

Smart bi-directional charging
Blended approach of V1G and V2G
World Energy Outlook

Wind Turbine Generators
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Vasudha Foundation is a non-profit organisation set up in 2010. We
believe in the conservation of 'Vasudha', which in Sanskrit means the
Earth, the giver of wealth, with the objective of promoting sustainable
consumption of its bounties.

Our mission is to promote environment-friendly, socially just and
sustainable models of energy by focusing on renewable energy and
energy-efficient technologies as well as sustainable lifestyle solutions.
Through an innovative approach and data-driven analysis, creation of
data repositories with cross-sectoral analysis, along with outreach to
ensure resource conservation, we aim to help create a sustainable and
inclusive future for India and Mother Earth.
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