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RISK: WHAT WILL THE PLANET DO TO US?
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A tale in three charts

CO, concentration, ppm

Antarctic temperature, °C
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Mean sea levels have risen
3.7 inches in 25 years; 8

inches since 1880

Average temperatures are
1 degree Celsius above
pre-industrial era
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Carbon budget gets consumed by the biggest polluters

Global GHG emissiontrajectories across scenarios
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Based on their NDC trajectories, China, USA, EU and Japan will appropriate 49% of global carbon
space between 2018 and 2030
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Cyclones Amphan and Nisarga among the strongest ever

tv(:;ﬁt\a\ay

e > L
r“‘f‘/\NMmt’a‘” -

CLIMATE CHANGE
A RISK ASSESSMENT
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* India experienced 478 extreme weather events since 1972 ‘most occurrlng after 2005

» The frequency of cyclones is rising, jumping from 33 in the 1980s to 58 in the 2010s ve o
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India is particularly vulnerable

e Average temperature in India increased 0.7C during 1901-2018

* If emissions continue at the high end of the predicted range by 2100 the temperature could

rise 4.4C relative to the 1976-2005 average
* Frequency of heat waves could increase three to four times, with average duration doubling
* From 1998 to 2017 climate-related disasters caused $80 billion of damage

* The Hindu Kush Himalaya region, source of 10 major rivers, could endure a temperature rise

of 5.2C by 2100

* Inthe worst case, CEEW analysis finds that food crop losses could be $1.4 trillion-$2.7 trillion

at 2015 prices during 2050-2100

: CEEW |19
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Four energy transitions

Traditional to modern Rural to urban
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ENDING ENERGY POVERTY? -
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118 million have moved out of absolute electricity poverty in 3 years
(Past decade 350 million)

Access to electricity in six states

84%

74%

64% 62%

42%

37%

Proportion of rural households

Connected to the grid Grid as the primary source of Tier 1 or above
lighting

m 2015 m2018
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But long way to go, as only 20% of rural households are in top-two tiers

Electricity Access Evolution

2015 2018
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Quality and reliability of supply remain main issues for Tier 0 HHs

Bottlenecks in electricity access faced by Tier 0 households
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Duration of supply has improved, but reliability remains a concern
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160 million have gained access to clean cooking energy in 3 years
(Past decade, 700 million)

2015
Tier 2 Tier 3 2018
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LPG is the driver for all the change, but a long way to go

LPG connection and its use as a primary fuel has increased two-fold

LPG adoption and use in rural areas of six major states

58%

37%

0,
22% 19%

14%

5%
]

Proportion of rural households

LPG use LPG as primary fuel LPG as only fuel

m 2015 w2018

CEEW 19

SOURCE: CEEW (2018) THE COUNCIL

YEARS



17|

Affordability remains the biggest challenge to adopt and use LPG

Reasons for not having an LPG connection in 2015 and 2018

[0)
95% 929

High connection cost

Proportion of households not
having an LPG connection

88% 87%

High monthly LPG distributor not

expenses
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28%
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1/4th

have come our of absolute
electricity poverty, but only 20%
in top-two tiers

1/3

have gained clean cooking energ
access, but only 6% in top tier
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Source: CEEW (2018)

Reliability and quality of supply
remain the big concerns

Affordability of LPG and fuel

stacking continue to be the biggest

challenges
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Can we make solar irrigation sustainable?

NA <= 25th percentile 25 1o S0th percentile [l 50 to 75th percornie [l > 75th percentile
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Powering Livelihoods: A $50 billion opportunity

Solar-powered sewing machine, Chitradurga,
Karnataka

Solar-powered paddle loom, Gondal, Gujarat

Energy-efficient dal mill, Wardha,
Maharashtra

Solar-powered refrigerator, Chitradurga, Karnataka Solar-powered flour mill,

Jawhar, Maharashtra

Solar-powered milking
machine, Chitradurga,
Karnataka
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Using our roofs? DISCOM-led business models
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1.a For the roofless: Community solar — upfront payment

Third party lends

Provide
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—— Money flow —— Process flow

2. For the creditless: On-bill financing model
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1.b For the roofless: Community $815F™ subscription mode

Roof owners
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3. For all: Solar partners model

"""" Ownership
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Sustainable mobility for a country on the move?
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Electric vehicles (EVs) on the rise, but fast enough?

* Total registered EV stock for FY20: 530,560 vehicles, with 166,289 registered EVs sales

* Registered EV sales increased by 13.45% from 2018-19 to 2019-20;

* Projections for EV stock rise to 23.8 million by FY30

* Inthe unregistered EV market (2-wheelers & 3-wheelers), stock of e-rickshaws is 1.5
million as of FY20; (industry estimates stating that 246,000 registered and unregistered
EVs were sold in 2019-20)

EVs sales by vehicle type for 2019-20

2-Wheelers
Yearly registered EV sal
1,80,000 early reg ste Ed sales 1,66,289 1,52,000 [ ) 61.79%
1,60,000 1,46,574
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S 1,00,000
é 80,000 4-Wheelers
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Year
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Import burden of an electric car would be 4-6 times lesser for EVs
in 2030

INR 3,72,693 of oil import burden INR 90,247 of cell import burden

¢

Private car Private car

INR 1,80,494 of cell import burden

f INR 10,35,259 of oil import burden

Commercial use car Commercial use car

[ o
25| CEEW
SOURCE: Soman, Abhinav, Karthik Ganesan, and Harsimran Kaur. 2019. India’s Electric Vehicle Transition: Impact on Auto Industry and Building the EV THE COUNCIL
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CO, emissions per electric car will be 8%-24% lower compared to
an ICE car in 2030
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Current trends scenario of the grid High renewables scenario of the grid
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5.7% higher value add (USD 2.7 billion) from high indigenisation
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Newer thermal power plants punching well below their weight

Capacity

5% 1%
share

Generation

4%1% 1%
share

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B O-5years M 5-10years MW 10-15years®™ 15-20 years B 20-25 years
m 25-30 yearsm 30-35years  35-40 years m40-45 years m 45+ years

CEEW

SOURCE: CEEW analysis from CEA daily generation reports 2019
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Despite having low variable cost, the PLF of 5-10 year group is low

72%
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68%
66%
64%
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58%
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40%
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CEEW

THE COUNCIL

SOURCE: CEEW adaptation from CEA daily generation reports and MERIT state-wise daily summary data
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Creating a democratic demand for clean air

#TEDTalksIndiaNayiBaat

NATIONAL
GEOGRAPHIC
[ [ pre 1INg
StarPlus
TED Talks
India
Nayi Baat v 61482
Every S’at-Sun iy 225K+ views on TED.com
9.30pm Setutedtags

Hosted on IVM podcasts, India’s
PE AK P LAN ET largest podcast network

WITH

KP\RTH”( GP\NESP‘N . ) 1200+ downloads on Podbean

CEEW . WA

° . 4

Sahba Chauhan @SahbaChauhan - Nov 7
Best podcast! Fast overtaking my first love @TheEnergyGang ° °
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Meanwhile, a big leap forward on renewables

® Ranked 3™ globally in installed RE capacity in 2019-20

generating 5.82% and 6.48% respectively in May 2020

® Total daily generation as of 24 August 2020 stood at 436.64 MU

Installed RE capacity (July 2020)
160000

140000
120000
100000

80000

60000 45699.22

Install capacity (MW)

37940.95
40000 35303.3

20000 471217 10085.49 I I I
0 | III

Small Hydro Bio-Power Solar Power  Wind Large Hydro
Power Power
Source

133741.13

Total
Capacity

ELectricity generation (MU)

30000

25000

20000

15000

10000
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29% of India’s total electricity was generated from RES and hydropower, with solar and wind

Total electricity generation (May 2020)

769.13 923.53 I I
| |

Small Hydro Bio-power* Solar Power Wind Power  Large Total
Hydropower generation

Power

Source

*Bagasse and biomass
SOURCE: CEA (2020), CEEF-CEF (2020), National Power Portal (2020)

27557.43
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India’s renewable energy journey

India's solar and wind installed capacity’

40000
35000
30000
25000
% 20000 e Policy push on solar since 2014-15 has
15000 driven sharp increase in solar installed
10000 capacity
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0 | - .
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mWind m Solar
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Solar and wind tariffs in
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India’s RE drive is a big investment opportunity

* RE installations are a investment opportunity of USD 199 billion

» Solar parks have been instrumental for driving solar capacity addition in India by presenting a

‘plug-and-play’ model

Projects by type of deployment Solar investments by international IPPs
0,
100% 60% me Share in §olar
é’ 52% park projects
B o) & i
b4 80% o S 509 === Share in
T ° 46% § 45% non-solar park
@ projects
H . 2 0%
w 60% 78% 3
) o
3] 97% [ 30%
2 ° o 30% —
@
S 40% £
L
) Z 20%
£ 54% 5 18% -
& 20% £ 10%
£
22% n
o 3% 0%
0% 2014 2015 2016 2017 2014 2015 2016 2017

- Solar park . Projects with developer
projects acquired or leased land

e Despite this, India will require a 16% CAGR in capacity addition on the 88.091 GW and debt
capital of USD 160 billion to achieve its 450 GW by 2030

( N [ J
Source: Chawla & Ghosh (2019), Dutt et al. (2019), Singh et al. (2020) THE COUNCIL YEARS




There’s a mismatch: Capital circulating in capital-rich regions

* In 2018, global energy investment stood at more than USD 1.8 trillion
* Only a third of that, USD 620 billion, was invested in low carbon energy

e 15% of the world’s population, got 40% of the world’s energy investment in 2018 — in high-
income countries

 Energy consumption in developing countries has doubled in the last 15 years, and will grow
another 30% in the next fifteen years

Asset Financing by Funding Origin (Domestic v/s Foreign)

B Domestic M Foreign B unknown

120%

100%

80%

60%

40%

Percentage Share

20%

0%

551 CEEW

SOURCE: Chawla and Ghosh, 2019 THE COUNCIL
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INR per kWh

Basis points
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Understanding the mismatch: evidence from India

Feb 2017 Wind Tariff
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Interest rate spreads - solar PV and wind
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Financing costs constitute 50-65% of Indian RE

300 tariffs
250 * PV module/wind turbine costs account for only
225 around 20% of RE tariffs

200 200

150 150 * Interest rate spreads for lending to RE projects have
100 declined by 75-125 bps from 2014-2018, tariffs from

USD 9 cents to 4 cents/kWh
50
0
2014 & 2015 2016 2017 & 2018

SOURCE: Chawla et al (2019); Chawla and Ghosh (2019)
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Greater market concentration; solar parks become attractive

Market concentration in solar energy
generation

100%
60% _ —
£1()e4) ‘-..........‘..--

20%
0%

2014 2015 2016 2017

—Share of top 5 firms in sanctioned solar projects
—Share of top 10 firms in sanctioned solar projects

Share of projects at solar parks (2014-
2017)

H International |IPPs
m Indian IPPs
m Indian State-owned Power Producers

Market concentration in wind energy

generation
100%
80% \/
60% /
40% —
20%
0%

2014 2015 2016 2017
—Share of top 5 firms in sanctioned wind projects
—Share of top 10 firms in sanctioned wind projects

Solar investments by international IPPs
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30% —
20% / T~
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0%
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—Share in solar park projects

37|
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What gets built and used: who bears integration costs?

a) Electricity generation range by technology WITHOUT grid integration cost levied on VRE producers
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What gets built and used: who bears integration costs?

Electricty Generation in Tera Watt - Hours

EE 8B EEEE

- BEEBEEE

Ganeration - Coal

- ,_....a#li

- B B EBEEE B

b) Electricity generation range by technology WITH grid integration cost levied on VRE producers

2010 2015 2020 2025 2030 2035 2040 2045 2050
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SOURCE: Chaturvedi et al / CEEW (2018)
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Correcting the mismatch: Information and innovation

Overview  Solar Wind  EV&Storage

India

India is the second most populous and seventh largest country by land area in the world. The
power sector, with over 350 GW of installed capacity, ranks third globally in terms of size. With a
target of 175 GW of installed renewable energy capacity by the year 2022, India offers one of the
world's largest renewable energy markets.

C é EW CEF Home Intelligence °-™ Masterclass Solutions Factory About CEF CEEW Home
Comparison On Bangladesh v Ghana v Vietnam v
Access to Electricity Installed RE Capacity Inflation, consumer prices
125 20k 30
100
20
S 10k /
75 -
o1 2\
50
0 0
IR I TR N T S I W © & Q ¢ >~ ©
“ 2006 2008 2010 2012 2014 2016 AN 1\\\5\}‘\ DS w:“\\ S L\\\\\ i‘“\\v S RO 1\\\\
Bangladesh == Chana Bangladesh == Chana Bangladesh == Ghana
Vietnam o $ Vietnam o . Vietnam o .

[ N J o
40 CEEW
| \'
SOURCE: CEEW-CEF THE COUNCIL YEARS



Can green industrialisation become a growth mantra?

iron ore pellets
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Energy security is not the same as energy independence

A complex quest for adequate quantities of energy resources, at prices that are affordable and
predictable, while minimising the risk of overseas supply disruptions and ensuring sustainability of
the environment and of the energy system for future generations.

Focus areas for India

ASSURED SUPPLY SAFE PASSAGE
Developing capacity for energy diplomacy Invest in building fleet capacity
Critically evaluate overseas investments Strengthen security partnerships in IOR

SECURE STORAGE FUNCTIONAL INSTITUTIONS

Build domestic storage capacity Transpgrency; d.ealing With supply shocks;
Cooperative arrangements for storage collective security; arbitrate disputes;

o . ling r rces; sharin racti
Institutional capacity to manage reserves pooling resources; sharing best practices

EXPLOITING MARKET POWER
Moving from a price taker to price influencer.

N CEEW

SOURCE: Bery, Ghosh, Mathur (2017) THE COUNCIL
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India is no longer a naysayer; India is a climate leader

Aug 29, 2017 Aug 29, 1988

M
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India’s energy transition has lessons for other emerging markets

* Offtake risk and power sector design
* Curtailment risk

* Forexrisk

e Political and macroeconomic risk

South Africa

e Demand risk

e Curtailment risk

Indonesia .
e Demand risk

* Policy and regulatory risk

e Execution risk

4| CEEW 19
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Innovation: Common Risk Mitigation Mechanism

Developed
States

o Solar Projects

State 1

bt Hvglolath Eriododa

Insurers & Reinsurers

The
Guarantee

Management
Mandate

The
Platform

Global Partners

* Private institutional investors to be enrolled in a second round

Source: CRMM Feasibility Study

SOURCE: CEEW, TWI, TCX (2017)
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Critical minerals: CEEW scenario_2030
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Critical minerals: Potential impact of recent ambitious EV targets
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Effective tech partnerships: Global Green Hydrogen Alliance?

Guiding principles

* Objectives matter

* Prices matter

* Pooling resources

* Innovative finance

* Risk and responsibility
* Voice in governance

Modalities

* Emerging economies as the test-beds

e Joint development — unlike Mission Innovation —
would mitigate concerns around IP monopoly or IP
theft

* Funding from public and private sources, in cash and
in kind

e Consider high mitigation potential

 Also assess risks against inaction or insufficient
action on climate mitigation

SOURCE: Ghosh, Chaturvedi, Bhasin (2019); Ghosh (2020)

IMAGE: rechargenews.com
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Disruptions create winners and losers
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SOURCE: Vanity Fair (1861)
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