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India's electricity sector is undergoing a generational shift in our view, as the country attempts to grow and
decarbonise, simultaneously. Years of peak demand growth (rising electrification and appliances penetration) alongside
less reliable capacity additions (renewables accounted for c.75% of new power capacity additions in the last 7 years)
have absorbed the system's supply surplus. We foresee the beginning of a peak power deficit cycle, elevating the
criticality of storage-backed round-the-clock renewable energy (RTC RE). Our analysis suggests the viability of RTC
RE in certain use cases which will provide an economic incentive for transition, and unlock a superior business model
for utilities. The need to balance energy security along with the transition would result in a premium for pumped hydro
storage (PSP) capacity. We also see upside risk to our and the government’s coal capacity targets, which could lead to a
valuation re-rating of legacy thermal businesses. We highlight 4 key inferences:

#1 Superior return profile of PSP-backed RTC RE (20-25% equity IRR vs. 13-15% for solar & coal) can structurally
improve the business model of utilities.

#2 c.400GW 'economically viable' RE capacity potential with corporates shifting to net-zero compliant and
economically viable RTC RE supply, alongside the solarisation of agricultural power supply. This is a unique opportunity
for India vs. other large economies. For context, we estimate RTC RE viability in China closer to 2030E

despite it being self-sufficient in RE & batteries.

#3 Our India Stationary Storage Demand model estimates ¢.600GWhr storage demand by FY32E, but India will meet
only ¢.80% of it even in an optimistic execution scenario. Consequently, India may need to add ¢c.23GW more coal
capacity than what government targets.

#4 Public Sector Undertakings are uniquely positioned in the RE business with equity IRR advantage of 150-200bps
given their significant structural funding cost advantage backed by large balance sheets.
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India’s unique economics-led renewable transition driving a business model upgrade;
power storage critical but coal to stay relevant
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PM Summary

What makes India’s Renewable transition different from the world?

1. We see an economic case for RE transition in India for certain use cases (TAM of
¢.400GW economics-supported RE capacity addition) vs. being mostly driven by
government subsidies and incentives elsewhere, which can potentially enable
superior returns for developers. \While old pithead coal plants continue to lead the
cost curve for reliable power supply, we estimate PSP backed RTC RE power to
cost only 15-17% more than new pithead coal plants (negligible after factoring
the transmission cost waiver). Further, this difference is expected to narrow over
time due to inflation in coal and coal logistic costs.

2. The country will have to decarbonise while its electricity demand continues to grow.
Unlike globally, risk of stranded investments in India will be low (as demand
growth will ensure absorption of marginal capacities), ensuring supply reliability will
remain challenging in an environment where the potential for sharp cost declines in
up and coming technologies is high.

3. As per our estimates, India’s levelised cost for RTC RE is currently 27% lower than
that of China, on account of its higher solar irradiation and a fully integrated national
transmission grid which allows utilisation of most optimal sites without evacuation
constraints.

What are its implications?

1. We anticipate a structural improvement in the business model of developers
on two fronts: a) higher returns from complicated RTC projects (20-25% equity IRR
vs. 13-15% for plain vanilla solar and regulated coal projects), and b) improvement in
customer base from financially weak state DISCOMSs to corporates with better
credit profiles.

2. Phase of peak shortages has already started as the country added 71GW net
firm capacity (thermal and nuclear) when peak demand rose by 80GW over the
last 10 years. We expect the situation to worsen despite factoring 54GW firm
capacity addition as we estimate peak demand to grow by 138GW over
FY23-32E.

3. Based on the above, we expect ‘firm’ capacity to command a premium over the
next few years until battery storage prices decline to a level which makes coal
capacity redundant (USD89/kWhr by FY30E as per our global batteries team
estimates). However, until then, PSP and untied coal & hydro capacities will likely
earn returns significantly above their cost of equity.

How large is the opportunity?

1. We peg the TAM for economics driven RE capacity addition at ¢.400GW. This
will also be in addition to our 203GW/48GW grid-level solar and wind capacity
addition estimates between FY23-32E (vs. govt. target of 298GW/79GW).

2. Our India Stationary Storage Demand Supply model estimates the country’s total
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stationary utility-scale storage requirement at ¢.600GWhr by FY32E. Even in the
less likely scenario of a timely development of the entire ¢.400GWhr PSP
capacity (under planning and development) and ¢.70GWhr BESS deployment,
India will still see a 20% shortage of storage capacity.

Realistically, we expect 19GW PSP and 18G\V battery storage capacity installation
by FY32E, with the balance demand being met by incremental coal capacity
addition.

We see potential upside of 23GW / 30GW coal capacity addition between
FY24-32E, over and above the government’s / GS estimate of 48GW / 42GW
respectively, in our scenario to avoid peak shortages after factoring the storage
demand supply equation. We factor in limited execution on National Electricity Plan’s
forecast of outsized battery storage deployment (47GW by FY32E), on concerns
around timely cost parity and domestic capacity adequacy.

Who stands to gain?

1.

PSUs (Public Sector Undertakings) with a significant funding cost advantage,
which will allow them to deploy large RE capacities while making materially better
returns in RTC PPAs.

Players with access to low cost PSPs (owned or leased), allowing them to charge
a premium for their ability to despatch firm on-demand renewable power.

Developers with firm (coal & hydro) untied capacities will potentially gain from
pricing arbitrage arising out of a demand supply mismatch.

Lastly, developers who will be able to add de-risked (cost plus) fossil capacities
to meet marginal demand growth while staying protected from the risk of stranded
investments.

What can go wrong?

Underwhelming demand growth, as was the case in the last cycle post FY08, which led
to major over capacity in the system. However, unlike last time, we draw comfort from:
a) income growth led improving appliance penetration, b) increased importance of
ensuring supply reliability now that electricity access is almost universal, ¢) sharp
government focus on increasing electrification (railways, EVs, cooking etc.), and 4)
support from the start of a manufacturing led economic upcycle.

What can surprise us?

1.

Battery storage achieving cost parity and supply adequacy, faster than expected

2. Quicker and larger than anticipated PSP capacity execution
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Thesis in 15 charts

Exhibit 1: Round-the-clock renewable power already economically viable for corporate & industrial consumers viz-a-viz. grid tariff...
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*LNG - Liquified Natural Gas, APM - Adjusted Price Mechanism, BESS - Battery Storage, PSP - Pumped Hydro Storage, RTC RE - Round-the-Clock Renewables; as of Jun 23

Source: SERCs, CEA, Goldman Sachs Global Investment Research

Exhibit 2: ...with India having lowest RTC RE LCOE among major countries...
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Exhibit 3: ...which potentially opens ¢.300GW solar capacity addition opportunity, incremental to government targets
Our TAM analysis estimates solar capacity installation required to replace India’s entire non-RE industrial power consumption with green power

350 1 (Solar capacity equivalent; GW)

300 -

200 +

100 A

50 -

4
62 309

Industrial power +10% of
demand - grid  Commercial power
demand

+ Non RE captive
demand

- existing RE
penetration

*0A - Open Access

+ PSP inefficiency

Total RE - existing Solar OA - Solar OA under Net OA solar
opportunity for capacity development opportunity
Green OA

Source: CEA, Goldman Sachs Global Investment Research

Exhibit 4: Similarly, solarisation of agricultural power supply is an
economically viable use-case for 114GW solar capacity addition
Our TAM analysis estimates solar capacity installation required to
replace India’s entire non-RE agricultural power consumption with
green power
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Source: CEA, Goldman Sachs Global Investment Research
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Exhibit 5: We estimate materially better returns for pumped storage
backed RTC-RE power vs. cost plus coal and plain vanilla solar...

(%) m Equity IRR
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(leased storage)
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*C&l - Commercial and Industrial as of Jun 23

Source: CEA, Goldman Sachs Global Investment Research



Goldman Sachs India Clean Energy

Exhibit 6: ...which along with a shift in customer profile (from B2G to B2B) can help upgrade ‘traditional utilities’ to ‘transition enablers’,
driving valuation re-rating

Business model Traditional Utility Transition Enabler
Capacity type Cost plus thermal, nuclear, hydro Plain vanilla RE, RTC-RE, Power Storage
Offtaker Licensed entities (state & pvt. DISCOMSs) DISCOMs & Corporates
Returns - equity IRR (%) 13-15% 12.5-25% - depending upon PPA complexity
Capital structure (D:E) - 70-30 Typically 80:20 with scope for future capital
% ) recycling
Depreciation Linked to capital repayment Linked to asset life
Tariff design 2 part tariff with bulk of capital cost loaded Single part levellised tariff
upfront
CliizzL agreement 25 years 12-25 years
duration
. . . Low; mostly pertains to interpretation of
Regulatory oversight High; 5yr regulatory period agreement & regulations
Key risks Unfavorable regulatory orders & return reset Offzhers el wortk_nness., capex O
overruns, refinancing risk
Valuation Price / Regulated Book DCF, peer multiples in high M&A environment

Source: CEA, Goldman Sachs Global Investment Research

Exhibit 7: However, rising peak deficit will impact grid supply reliability - our India Peak Power Demand Supply model forecasts 47GW
peak shortages by FY32E, factoring firm capacities planned & under-execution
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Exhibit 8: ...which could in-turn drive a sector rerating, as seen in the last cycle
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Exhibit 9: Our India Stationary Storage Demand Model factors Exhibit 10: While battery storage takes the least time to deploy, its
estimated grid shortages along with demand from Green Hydrogen levelised cost is 2x that of pumped hydro, which has a long
and Corporate Decarbonisation use-cases execution timeline even after fast-tracking approvals
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Source: CEA, Goldman Sachs Global Investment Research Source: CEA, Ministry of Power, Goldman Sachs Global Investment Research
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Exhibit 11: ...and even in the unlikely scenario of all planned pumped hydro capacities being executed in time, India will run ¢.20% storage
deficit by FY32E
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Source: CEA, Goldman Sachs Global Investment Research
Exhibit 12: While we estimate solar to drive the bulk of grid Exhibit 13: ...inadequacy of storage capacity will impact DISCOMs’
capacity addition between FY23-32E... appetite for infirm RE power, hence our grid RE capacity addition
estimates are lower than government targets
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Exhibit 14: We estimate requirement of at least 2GW coal capacity
addition incremental to government targets (30GW beyond our
estimates) to avoid peak shortages, factoring the pumped hydro
demand supply equation and our battery cost curve estimates
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Exhibit 15: India’s generation mix likely to be coal dominated over
the next decade even with significant planned RE capacity addition
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#1 India’s economics driven RE transition different from that witnessed
elsewhere globally

18 July 2023

Viability of RTC RE opens ¢.300GW corporate RE transition market: Our calculations
suggest pumped hydro backed RTC RE power is already cheaper than the average
‘green tariffs’ offered by DISCOMSs to commercial and industrial consumers. This cost
advantage, along with the corporate push for achieving net zero opens a significant
capacity addition opportunity for RE developers.

As per our estimates, India’s levelised cost for RTC RE is currently 27 % lower than that
of China, driven by cheaper RE costs overall. When combined with India’s higher
average grid tariff vs. that of China, it begins to make economic sense for consumers
(especially corporates, which are charged even higher grid tariffs) to shift to RTC RE.
Similarly, India has a materially lower RE LCOE (Levelised Cost of Electricity) vs. Europe
and it is competitive with that in US, despite having a significantly higher cost of debt
(key cost item for RE projects).

Industrial and commercial users constitute ¢.50% of India’s overall electricity demand
and fully transitioning them to RE could unlock a solar equivalent capacity addition
opportunity worth 295GW at materially superior returns and lead to an improvement in
customer profile from financially struggling DISCOMSs to credit-worthy corporates.

While the Central Government has notified ‘Green Open Access Norms' which have
eased processes and pre-conditions to facilitate direct RE procurement by corporates,
we note the historical resistance by state government owned DISCOMs to letting go of
their most profitable customers as evidenced by the imposition of incremental costs
such as cross-subsidy surcharge (CSS), additional surcharge etc. by state electricity
regulators to reduce the attractiveness of open access vis-a-vis grid tariffs.
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Exhibit 16: Round-the-clock Renewables backed by pumped storage already at cost parity with non-pithead coal
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Source: Goldman Sachs Global Investment Research
Exhibit 17: India’s RTC RE LCOE lowest among among major Exhibit 18: C&l tariff charged by DISCOMs across most states
countries significantly higher than RTC RE power cost
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Source: Goldman Sachs Global Investment Research Source: SERCs, SECI, Goldman Sachs Global Investment Research
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Exhibit 19: Commercial & Industrial sectors account for ¢.50% of
India’s overall, ¢.40% of grid power consumption
FY21 power consumption breakup
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Source: CEA, Goldman Sachs Global Investment Research

Exhibit 20: ¢.300GW solar capacity equivalent opportunity from Corporate & Industrial decarbonisation
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Source: CEA, Goldman Sachs Global Investment Research
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Solarisation of agricultural power supply low hanging fruit for financially
struggling DISCOMs: Similarly, solarisation of agriculture is an economically viable use
case for India’s RE transition, and helps to cut the subsidy and loss burden of DISCOMs.
We attribute ¢.70% of DISCOMSs' losses & subsidies (Rs1.7tn in FY22) to agricultural
power supply cost underrecovery.

In our opinion, solarisation of the agricultural power supply is low hanging fruit since the
load profile will support infirm (but inexpensive) solar capacity addition without the
requirement of corresponding storage capacity addition for grid balancing. We estimate
114GW solar equivalent capacity opportunity from full solarisation of the agricultural
power supply, which could help save ¢.35-46% in subsidy outgo for state governments,
thereby supporting a material improvement in the financial condition of DISCOMs.

Exhibit 21: 114GW capacity addition opportunity from solarisation
of agriculture
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Exhibit 22: Agricultural power realisation significantly below cost
of power supply - indicating high level of cross-subsidisation
*incl. state transmission charge
8.0 1 mmmm Avg. agri power realisation

Cost of supply e Cost of solar power*

70 | (Rs/kWhr)

FYy11 FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21

Source: CEA, Goldman Sachs Global Investment Research

Source: PFC, Goldman Sachs Global Investment Research

Exhibit 23: Subsidy contribution per unit of power supplied has
risen at 11% CAGR since FY11
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Exhibit 24: We estimate agri supply cost under-recovery to
contribute ¢.70% of DISCOM subsidies and losses
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Case study 1: PM Kusum Scheme - what it entails & the progress so far

Exhibit 25: Central Government's PM Kusum scheme provides capital subsidy support for solarisation of agricultural power
consumption; however, execution is yet to pick up

Component - A

10GW decentralised RE capacity to
be set up by farmers / farm co-

operatives with power supplied to
DISCOMs at pre-determined tariffs

May'23 update - 4.9GW capacity
sanctioned, 107MW installed

Component - B

Individual farmers to be provided
60% capital subsidy and priority
lending for installation of solar
pumps in off-grid areas

May'23 update - 0.96mn pumps

Component - C

1) Grid connected individual pumps
to be solarised supported by 60%
capital subsidy & sale of excess
power to grid

2) Separation & solarisation of agri
feeders aided by 30% capital
subsidy upto Rs10.5mn/MW

May'23 update - 0.14mn pumps &
2.4mn feeder level solar sanctioned

Source: Ministry of New & Renewable Energy, Goldman Sachs Global Investment Research

Case study 2: [ earnings from Andhra Pradesh’s (AP) agri solarisation drive

In Feb'20, AP government announced plans to set up 10GW solar capacity for supplying 9 hours of free
power to farmers for irrigation. In FY21, the state had to allocate a subsidy worth Rs84bn towards
supply of 13bkWhr free electricity to the agri segment.

In Jan'23, AP government entered an agreement with Solar Energy Corporation of India (SECI) for
procurement of 7GW solar power at a tariff of Rs2.49/kWhr. This capacity will be operationalised
between Sep'24-Sep’26 in phases and will ease the subsidy burden by c.Rs25bn.

18 July 2023

400GW economically viable RE capacity addition opportunity over and above
government targets and GSe: The earlier mentioned ~400GW ‘economically viable’
opportunity is over and above the government'’s and our grid RE capacity addition
targets and could see an accelerated uptake given adoption in both these cases is
driven by economic pull rather than government push. Our RE capacity estimates do not
factor these since corporate RE projects will likely operate as ‘group captives’ and we
are yet to see a meaningful uptick in solarisation of agri. feeders. In the event of an
accelerated pick up in solar capacity installation for agri. power supply, our RE capacity
addition numbers could see an upward revision.
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#2 ...with the potential to disrupt ‘Utility’ business model, for the better

18 July 2023

Superior returns from corporate RE transition opportunity....: As per our estimates,

the corporate RE transition opportunity offers materially superior returns to developers
over plain vanilla solar or cost plus coal power supply to DISCOMSs. We attribute higher
returns to the following factors:

1.

High cost of grid power supply to industrial and commercial consumers on account
of cross-subsidisation by DISCOMs makes switch to RTC RE an economically viable
decision. We estimate RTC RE power cost to be 35% lower vs. grid green tariff for
corporate consumers connected to the central grid, and on average 10% lower for
those connected to state grids.

Rising pressure on corporates to meet their net zero commitments is also driving a
demand side push for green open access. While state DISCOMs have begun
offering a separate ‘green’ tariff, the coal dominated nature of India’s grid power
supply mix and requirement for traceability of supply chains make green
open-access more attractive.

Dependence on the grid also exposes consumers to grid supply reliability issues,
especially in a phase of rising peak shortages. Rather than incurring an additional
cost of maintaining a back up (which would mostly be polluting diesel gensets),
corporates will likely find dedicated RTC RE supply reassuring.

Lastly, given the importance of power storage (in overcoming the inherently
intermittent nature of RE power) and its inadequate capacity, corporates seem
willing to pay a premium for firm, despatchable renewable power, especially for
running processes which require constant electricity supply.

Exhibit 26: Estimate pumped hydro backed RTC power to generate
significantly better equity IRRs than plain vanilla solar & regulated
coal capacities at average green C&l tariff
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Source: Goldman Sachs Global Investment Research
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Exhibit 27: RTC-RE RoE waterfall for C&I business opportunity

8 1 (Rs/kwhr)
7 B
z1
71
6 - - [ QP
1 1
1 1
5 2.0 | C20%RoE
L ___ 1
4
3 4
5.0
2 4 24
1 4
0
Cost of power + Cost of leased - PSP cost decline + State charges  Cost of delivered Equity RoE Avg. Industrial Tariff Green premium Avg. Industrial Tariff
PSP on running 2 power - Green

cycles/day

Source: Goldman Sachs Global Investment Research

Why IRR is a better metric to assess RE investments vs. RoE?

Unlike the flat RoE trendline of traditional regulated coal power plants (which operate on a cost plus basis),
the tariff structure of renewable projects set up under auction & bilateral mechanisms entail rising RoE
over time as project debt is repaid. Additionally, the shorter execution timeline of RE projects allows lower
capital downtime when equity investment doesn't earn any returns. \While RE projects might appear to
have lower RoE vs. regulated thermal plants, this metric doesn't capture the benefit of their shorter
execution timeline and inherent tariff design.

Exhibit 28: Shorter execution period, back-ended RoE increase
on debt repayment ensures similar equity IRR for plain-vanilla
solar asset vs. higher RoE regulated coal plants

35 4

Solar RoE Solar IRR Regulated coal RoE

Regulated coal IRR
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FY+20
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FY+23
FY+24
FY+25
FY+26
FY+27
FY+28
FY+29

Source: Goldman Sachs Global Investment Research
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...has the potential to upgrade ‘Utility’ business model: Along with better returns,
the corporate RE transition will also improve the quality of counterparty for developers
as they shift from being Business-to-Government (B2G) suppliers to
Business-to-Business (B2B) service providers. \We foresee corporate RE demand will
drive a structural upgrade in business model of developers from ‘Utilities’ to ‘Transition
Enablers’, providing energy-as-a-service, and potentially driving a sector re-rating.
Additionally, the opportunity size which we have estimated factors only the RE capacity
required for shifting from existing grey to green power supply. With a heightened focus
on increasing the share of RE electricity in the primary energy mix, there could be
further upside to our estimates.

Exhibit 29: Head to Head: Transition Enablers present superior returns opportunity than Traditional Utilities, albeit at a higher risk

Business model Traditional Utility Transition Enabler
Capacity type Cost plus thermal, nuclear, hydro Plain vanilla RE, RTC-RE, Power Storage
Offtaker Licensed entities (state & pvt. DISCOMs) DISCOMs & Corporates

Returns - equity IRR
(%)
Capital structure (D:E) -
o)

13-15% 12.5-25% - depending upon PPA complexity

70:30 Typically 80:20 with scope for future capital

%o recycling
Depreciation Linked to capital repayment Linked to asset life
Tariff design 2 part tariff with bulk of capital cost loaded Single part levellised tariff
upfront
Slle ag_reement 25 years 12-25 years
duration
. _— . Low; mostly pertains to interpretation of
Regulatory oversight High; 5yr regulatory period agreement & regulations
Key risks Unfavorable regulatory orders & return reset Oz cers el wortr.uness., capex £ e
overruns, refinancing risk
Valuation Price / Regulated Book DCF, peer multiples in high M&A environment

Source: Regulatory Commisions, Ministry of Power, Goldman Sachs Global Investment Research
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#3 But rising peak deficits will risk supply reliability...

Transition could be threatened by shortages: Our India Peak Demand Supply model
forecasts that the phase of peak shortages has already begun and is expected to
worsen in the medium term. We believe this mismatch will challenge the country’s
energy security, and will be prioritised over RE transition. We estimate ¢.47GW peak
shortages by FY32E based on our peak demand and capacity addition estimates. While
our demand estimates are lower than that of the government (which has been revising
its estimates upwards), we think the government'’s battery capacity addition target of
47GW by FY32E is on the higher side. Our model does not factor PSP capacity not
under execution yet.

Exhibit 30: Our proprietory India Peak Demand Supply model indicates the beginning of a multi-year supply deficit situation...

18 1 (Peak deficit; %)

N
NS
<

o © & o
Q Q Q Vv
& & L <

T T S S S S . R CRIPNC R
< P e R AR AR S P

SRS SO U TN - TG
AR AN N N R R AR <«

A Q) &)
N N N’
&t

*red borders denote period of rising peak deficits, green denote period of declining peak deficits

Source: CEA, Goldman Sachs Global Investment Research
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Exhibit 31: ...with 47GW peak shortages estimated by FY32E, based on current capacity addition pipeline

400 H
(Gw)
350 A
300 A
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250 1 216
200 A
353
150 A
45
100 4 216
48 3 ST 1
50 A 1
! |
1 47 I
- 1 I
Peak demand FY23 + FY23-32 peak FY32 est. peak - FY23 installed RTC - fossil RTC capacity - non-fossil RTC + Grid constraint  FY32 Peak shortaqe
demand growth est. demand capacity (fossil + non- addition capacity addition | est. |
fossil) ]

Source: CEA, Goldman Sachs Global Investment Research

Peak demand surge structural: Backed by the 100% household electrification scheme
under SAUBHAGYA and rising appliance penetration (air conditioning and refrigeration
primarily), we believe the recent out performance of peak demand growth over base is
indicative of a structural shift. We expect this trend to continue, if not accelerate, as
appliance penetration and usage duration grows in tandem with the improvement in
disposable income of households.
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Exhibit 32: Peak demand growth has outpaced base demand by 115bps FY18 onwards vs. 65bps underperformance b/w FY00-FY18

12 4
(%) m Base demand YoY growth Peak demand YoY growth

FYO0 FYO01 FY02 FY03 FY04 FYO5 FY06 FYO7 FY08 FY09 FY10 FYy11 FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23

Source: CEA, Goldman Sach Global Investment Research

Exhibit 33: New airconditioner demand has risen at ¢c.16% CAGR between FY01-23

(mn) m New airconditioner demand
5 4
4 4
3 4
2 4
1
o FY01 FY03 FY05 FY07 FY09 FY11 FY13 FY15 FY17 FY19 FY21 FY23

*new airconditioner sales = total sales - replacement sales

Source: Company Data, Goldman Sachs Global Investment Research
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Exhibit 34: Penetration of split airconditioners has increased Exhibit 35: ...and that of refrigerators by ¢.800bps over the same
¢.300bps over the last 5 years... period
14 o ” 40 - )
(% of households) m Split Air Conditioners (% of households) m Refrigerators
38
12
36
10 34
8 32
30 A
6 17 (28 | 365
1.1 28 207
. 26 | 329
24 A
2
22 A
0 20
2018 2019 2020 2021 2022 2018 2019 2020 2021 2022
Source: Euromonitor, Goldman Sachs Global Investment Research Source: Euromonitor, Goldman Sachs Global Investment Research

GS peak demand estimates below rising government estimates: Our peak demand
estimates are conservatively lower than those of the government. However, upward
revision in government estimates for both FY27E and FY32E are indicative of an uptick
in demand momentum and could lead to an upside surprise on our estimates.

Exhibit 36: Our peak demand estimates below those of the Exhibit 37: ...which is corroborated by rising search interest in
government, indicating possibility of larger than expected power outages despite relatively clement weather in CY23
shortages... summers
400 1 (Peak demand estimate; 353 363 366 120 4 (Indexed) mmmm Search Interest in 'Power Outage' Peak deficit - RHS r18
a0 | W 319 %0 33 o) 18

100 A

300 { 970 o970 277
250 - 80 1
200 1 60 4

150 A
40 A
100

50 20

GSe- Draft Final GSe - Optimal New GSe- Draft Final

FY27 NEP- NEP- FY30 gen. mix Optimal FY32 NEP- NEP- ISTRNIIEN I RO P
FY27  FY27 -2030 gen. mix FY32 FY32 FTEFFFF TS
- 2030
Source: CEA, Goldman Sachs Global Investment Research Source: Google Trends, Goldman Sachs Global Investment Research

UP Regulator’s recent analysis of peak demand supply equation indicative of
system-wide situation: Uttar Pradesh’s power regulator (UPERC), in a suo-motu order
on a long-term power procurement plan by state DISCOMSs over FY28-40E flagged the
emergence of widening peak shortages at the state level from FY23 onwards. The order,
a volte-face from its FY19 order which highlighted peak supply adequacy till FY26-27E,
cited sharper than expected increase in peak demand along with lower than planned
firm capacity addition as the reasons behind the deficit.

Based on its demand projection and planned capacity addition, UPERC pegged
state’s peak shortage at 26GW in FY32E (¢c.40% of our all India peak shortage
estimate) and 63GW by FY40E.

Interestingly, the regulator also highlighted the mismatch between solar supply hours
and the state's load profile, rendering the standalone solar capacity addition largely
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incapable of meeting evening peak loads and allowing DISCOMs to enter into long term
power purchase agreements with firm supply sources.

Exhibit 38: UP’s actual average power demand has consistently
been higher than state regulator’s estimates...

18 -

(GW) mUP's avg. demand - approved UP's avg. demand - rec1o$d1ed 17.5
17 A

16.1
16 15.6
15.3
15 14.8
14.3 14.1
14 4 13.8 13.8
134 127 125
12 A
11 1
10
FY19 FY20 Fy21 FY22 FY23 FY24 (ARR)

Exhibit 39: ...while actual capacity addition has lagged projections
by 8%

40 4
(GW) mThermal ~Hydro =RE
35 4
30 4
25 4

20 A

FY23E capacity - projected in FY19 FY23 commissioned capacity

Source: UPERC, Goldman Sachs Global Investment Research

Source: UPERC, Goldman Sachs Global Investment Research

Exhibit 40: UP Electricity Regulator projects 63GW peak deficit by
FY40E in the state without adequate firm capacity tie-up

63
(Gw) B UP's Projected Peak deficit
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20 -
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Exhibit 41: ...and base deficit of 30GW
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(GW) u UP's Projected Base deficit 30

FY24E FY26E FY28E FY30E FY32E FY34E FY36E FY38E FY40E

Source: UPERC, Goldman Sachs Global Investment Research
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Coverage valuations closely track peak demand supply situation: \While developers
with open capacities tend to be the earliest and largest beneficiaries of power
shortages, our coverage valuations have closely tracked the peak demand supply
situation historically despite having mostly tied up capacities. We attribute this to an
upward revision in the street'’s capacity growth expectation, especially in the legacy coal
power business which has been impacted by ESG pressures of late.

Exhibit 42: Upcoming peak shortages could drive up sector valuations
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Source: Datastream, CEA, Goldman Sachs Global Investment Research
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#4 ...even as Pumped Hydro emerges as India’s rescuer, ad interim

Estimating ¢.600GWhr India storage demand by FY32E with pumped hydro
storage most preferred: Our India Stationary Storage Demand model estimates
storage capacity requirement of 607GWhr by FY32E, ¢.50% higher than the
government estimate as it factors the projected peak deficit along with demand from
corporate decarbonisation and green hydrogen projects.

We expect the bulk of this storage demand to be met by PSPs, as they ensure energy
security and facilitate the RE transition at costs significantly below that of battery
storage, with negligible import dependence and have limited environmental impact. We
estimate PSP backed RTC RE power to cost only 15-17% more than new pithead coal
plants (negligible after factoring the transmission cost waiver), with the difference
expected to narrow over time as coal and coal logistics costs rise.

Exhibit 43: Our India Stationary Storage Demand Model factors Exhibit 44: Less than half of installed PSP capacity operational as
estimated grid shortages along with demand from Green Hydrogen storage due to technical & legal issues; bulk of capacity addition
and Corporate Decarbonisation use-cases 5-10 years away
700 - (GWhr) mGrid ~ GH2 =C&l 250 1 (GWhr) m PSP storage capacity 291
600 A
200 A
500 1 153
150 A
400
300 4 100 A
200 - 50 A 3
10 16
100 A
L ||
| Operational Not in operation Under construction Under assessment MoU ./ Ere-
FY23 FY24E FY25E FY26E FY27E FY28E FY29E FY30E FY31E FY32E feasibilty
Source: CEA, Goldman Sachs Global Investment Research asof Jun 23
Source: CEA, Goldman Sachs Global Investment Research
Exhibit 45: Pithead coal still the cheapest dispatchable power Exhibit 46: Battery storage quickest to deploy; government trying to
source on both capex & opex basis but pumped hydro catching up bring down pumped-hydro execution time by easing approval
process
350 (USD) mCapex/KWhr  #LCOE - 2 cycles per day (USD/MwWhr) [ 140 90 (Months) m Construction duration Time needed for approvals & clearances
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Source: CEA, Goldman Sachs Global Investment Research
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Exhibit 47: Pumped Hydro Storage - key to overcoming RE intermittency

Working of a Pumped Hydro Storage Plant

When renewable generation drops, water is
released from upper reservoir, which then runs
through the turbine to the lower reservair,
generating electricity in process

Station Generator

Top
reservoir

1111
1111
11

BOttOI'I"I reser\mir During times of excess renewable
generation, water is pumped from
bottom reservoir to the top

Turbine/ Pump

Closed loop pumped hydro project

typically operates at an

B85%, Le. for every 100 units of electricity

used in pumping water, BD-85 units are
recovered as storage

Source: Goldman Sachs Global Investment Research
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#5 Battery storage’s cost disparity could force higher coal capacity
addition

¢.20% storage capacity shortage expected even in optimistic PSP execution
scenario: Even in the unlikely scenario of all PSPs currently under MoU, survey,
investigation etc. becoming operational by FY32E, India will likely face a ¢.20% shortage
in meeting its storage requirement. While government estimates factor outsized battery
storage (BESS) capacity deployment (47GW/236GWhr) to bridge this gap, we find it
unlikely to happen based on GS battery cost curve forecast.

Exhibit 48: Significant capacity ramp up required to meet our estimate of c.600GWhr storage demand by FY32E
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Source: CEA, Goldman Sachs Global Investment Research

Exhibit 49: Our Global Batteries team expects battery pack price to
decline at ¢.9% annually between FY23-30E, making it competitive
against pumped hydro storage only by the end of this decade

200 1
(USD/kWhr) B GS battery pack price est.
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60 1 112
40
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FY23 FY24E FY25E FY26E FY27E FY28E FY29E FY30E

Source: Goldman Sachs Global Investment Research

We forecast BESS backed RTC RE to achieve cost parity with PSP backed RTC RE only
by FY31-32E, post which its accelerated deployment can be expected. Further, the
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government'’s central transmission capex plan for accommodating 500GW RE capacity
by 2030 envisages a ¢.24% battery storage attachment rate on 180GW RE capacity
requiring new transmission infra - 2x that of GSe for China (avg. basis) by the same
time.

Exhibit 50: Battery backed RTC RE expected to achieve cost parity vs. PSP backed RTC RE only by FY32E
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Source: CEA, Goldman Sachs Global Investment Research

Exhibit 51: RE is expected to flatten the average power cost curve Exhibit 52: Government's 2030 transmission plan envisages 24%
over time but managing peaks will become costlier battery attachment rate - 2x that of GSe for China
10.0 - FY17 FY22 FY32E 50 1 (GW) mmmm BESS capacity (%) [ 35
LCOE Rs/kWh == RTC RE BESS 45 | BESS attach rate - RHS
901 Gas e GSe: China 2030 avg. BESS attach rate- RHS L 30
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Source: CEA, Goldman Sachs Global Investment Research Source: CEA, Goldman Sachs Global Investment Research

Increasing government coal capacity targets corroborates our thesis: The
government has revised its FY32E coal capacity target upward by 11GW in the final
National Electricity Plan document over the draft, along with an increase in planned PSP
capacity while reducing battery storage targets. We view this move as a reinforcement
of our thesis of higher than expected coal capacity addition to meet peak shortages as
BESS deployment might underwhelm at its expected cost trajectory.
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Exhibit 53: Increase in government’s FY32E coal and pumped storage capacity targets indicative of declining confidence on battery storage
cost viability by then

300 1

(Installed capacity; GW)
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Source: CEA, Goldman Sachs Global Investment Research

Exhibit 54: UP Electricity Regulator commenting on decision of setting up Battery storage vs. Thermal power plant in its order dated
09/07/2019

b. In case the economics justifies and when the battery prices fall below per
MW cost of setting up a new TPP with evacuation system. Discoms may
consider contracting some capacity from the battery storage- based power
plants located near load centers to meet their short duration peak demand.

Source: UPERC

Building 320GW+ capacity addition over FY24-32E, with 80% of it coming from
renewable sources (200GW+ solar, 48GW wind, 43GW coal, 10GW hydro and 9GW
nuclear). However, our RE capacity estimates are 24% lower than government figures
as we expect inadequate power storage capacity to limit DISCOMs' appetite for infirm
RE power. Our coal capacity addition estimate is also 6GVW lower than that of the
government, as we await planning and execution clarity. On the storage front, we factor
pumped storage capacity of only ¢c.3GW which is under construction or has received
clearance to commence execution vs. the government's target of 27GW and 18GW
battery storage (10% attachment rate assumption FY25E-32E).
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Exhibit 55: Estimating solar to drive bulk of capacity addition over
the next 9 years...

Exhibit 56: ...though we are helow government targets
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Exhibit 57: Government's 500GW clean capacity target by 2030E Exhibit 58: ...which will result in ~2/3rd of installed capacity being
require 29GW solar & 7GW wind capacity addition annually... from non-fossil sources
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Source: CEA, Goldman Sachs Global Investment Research

Exhibit 59: Our FY27E & FY32E RE capacity estimates are 22-24%
below government targets as DISCOM demand for ‘non-firm’ RE
capacity could underwhelm
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Exhibit 60: Government mandated Renewable Purchase Obligation
(RPO) to cross 40% of overall consumption by FY30E but we
estimate overall RE penetration to lag behind
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Estimating 23GW coal capacity addition above government targets: \\Ve estimate
23GW incremental coal capacity addition requirement above the government’s target of
48GW (30GW above GSe of 42GW) by FY32E, to meet peak shortages. Our estimates
factor a lower BESS attachment rate of 10% vs. government's plan of 24% on ¢.180GW
RE capacity requiring transmission infra upgrade, considering the GS battery cost curve
forecast. Also, our pumped hydro capacity addition estimate accounts for execution
timelines and competing demand from corporate decarbonisation and green hydrogen
projects. In our opinion, this incremental coal capacity needs to be ordered over the next
3-4 years for its timely completion to meet the projected peak shortages.

Exhibit 61: We estimate 23GW coal capacity addition requirement beyond government targets to avoid peak
deficits by FY32E
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*peak shortage number includes BESS capacity as well

Source: CEA, Goldman Sachs Global Investment Research
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#6 Demand growth underperformance key risk to our thesis

18 July 2023

We foresee demand growth underperformance as the largest risk to our thesis, given
the repercussions of demand misestimation under the 18th Electric Power Survey.

Planned large-scale thermal capacity addition based on potentially ambitious demand
growth estimates pushed the sector into a decade long downcycle between FY10-21,

and excess capacity led to a serious stressed asset situation.

However, we draw comfort from the following:

1. Demand estimation by government has been much more conservative since the
18th EPS miss. In fact, 19th EPS’s FY17 peak demand estimates were in line, while
FY22 estimates missed due to Covid impact.

2. Achievement of universal electrification under the SAUBHAGYA scheme and secular
rise in appliance penetration (especially air conditioners) should drive a structural

increase in peak power demand.

3. Lastly, emergence of ‘'new demand’ from EV charging, datacenters, railway
electrification, and universal tap water supply under the government'’s Nal se Jal
program will provide new demand drivers.

Exhibit 62: 18th Electric Power Survey (EPS) overestimated peak demand growth, potentially influenced by
the strong prevailing economic growth sentiment; however, 19th EPS forecasts much closer to actuals
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Source: CEA, Goldman Sachs Global Investment Research
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Exhibit 63: Sharp decline in coal PLF indicative of oversupply

condition during the previous decade but situation reversing FY22

onwards...
80 | o
(%) 76 76 m Coal PLF - calculated
75 75
75 73
71 72 71
70
70 68 69
6865 o7
65
65 64 6565 65
62 62
60 58 59 59
57 98
56
55 I I54
50 I
B O N~ OVDDO «~ N M T WO OO0V O —~ N O W W W ww w w ww
SELSSTISTTSTITSSISONTNIRERIIES S
Lol >>>>>>>>>>
| WS ¥ Wy I W N T T N T

Source: CEA, Goldman Sachs Global Investment Research

Exhibit 64: ...as highlighted by spot market liquidity and price
movements
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Exhibit 65: Air-conditioner penetration rates
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Exhibit 66: Refrigerator penetration rates
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Exhibit 67: Washing machine penetration rates
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Exhibit 68: Television penetration rates
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Exhibit 69: Rise in contribution from ‘new demand’ to aid overall electricity demand growth
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