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ﬂ POSSIBLE SOLUTIONS
sy 10 ADDRESS THE PEAK
DEMAND CHALLENGE

So far, the report has analysed and discussed the implications of peak demand occurrence across
the national, regional and state levels. To address these issues, various supply and demand side
interventions are possible. Furthermore, these interventions may be enacted through policy support
and market-based mechanisms. A few of them are discussed in this chapter.

4.1. Planning for Resource Adequacy

To meet peak demand reliably, adequate resources are needed to meet the last portion of the demand
curve. In its latest guideline (Ministry of Power, 2023b) published a framework for such a resource
adequacy planning mechanism, which is a positive step in this direction. This means that the central
agency needs to consider the uncertainty associated with load probability and unserved energy
thus maintaining planning reserves and projecting future peak demand. Furthermore, load dispatch
centres and utilities are directed to undertake resource adequacy studies in the short to medium
term (ranging from one to 10 years). Thus, the need for a dedicated planning exercise similar to the
optimal generation mix study conducted by CEA is the need of the hour. This will ensure that state-level
planning cells actively forecast demand in addition to a national-level planning exercise through the
use of reliable and dedicated planning tools. Scenario planning given a large number of load and supply
patterns, outage conditions, RE variability, etc., must be performed and integrated into the resource
adequacy planning framework. Though the levelised cost of electricity (LCOE) of various technologies
is an important parameter for the selection of technologies, the impact of technologies on the overall
system cost — including grid integration and reliability costs — should be considered in developing the
framework for the resource adequacy exercises.

It is also important to understand the current supply and demand balancing situation in India and
revamp it if needed to ensure resource adequacy. Currently, the supply-side resource portfolio consists
of 422 GW, of which 205 GW consists of coal-based capacity, whereas renewables constitute 176
GW (including large hydro). Around 90 percent of the power is tied up in bilateral power purchase
agreements (PPA), and load dispatch centres distribute the power within their jurisdiction in each
region or state. However limited foresight in terms of scheduling power hinders cost optimisation of
generating resources, thus leading to an un-requisitioned surplus. However, recently, the emphasis
has shifted to enabling market operations in balancing power demand to ensure regional power trade.
Security-constrained economic dispatch (SCED) and market-based economic dispatch (MBED) are a
few mechanisms that can reliably meet demand in the system. The former is currently in practice and
the latter is proposed to increase the power market in the country.
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Figure 15: LCOE of Supply-side Technologies From 2020 to 2050 (Author’s analysis)

4.2. Demand Shifting and Behavioural Changes

Implementing demand-side management holds significant potential for effectively reducing peak
demand. The measures range from shifting load from peak to off-peak hours, implementing uftility-
level demand response programmes and behavioural changes, especially in utilities with a high
share of domestic sales. The Gol has already released mandates for agricultural load shifting through
solarisation of the grid under the Pradhan Mantri Kisan Urja Suraksha Evam Utthaan Mahabhiyan
Yojana (PM-KUSUM). This is envisaged to shift a considerable portion of agricultural pumping demand
from late evening to midday. Further, utility-level programmes to implement smart grid facilities have
huge potential wherein commercial and industrial consumers could avail monetary incentives to shift
their operations and production.

As EV penetration increases, a rationalised time-of-use tariff is anticipated for private and public
vehicles to encourage charging from distributed solar during the daytime. Given India’s target of
installing close to 250 million smart meters within the next five years, utilising the technology optimally
would be integral. This includes, but is not limited to, delivering nudges and notifications to customers
to lower appliance usage or modify air conditioner set points, which will eventually provide incentives
for consumers. Further, discoms should periodically undertake load research studies to estimate the
evolving consumer mix, thus shaping peak demand. The same could be approached with a provision
for dynamic tariff realisation to the regulatory commission.

4.3. Utilisation of Old Thermal (Coal and Gas) Assets

In a recent notification by CEA, it has directed power utilities to halt the retirement of thermal-based
units until year 2030 on account of increasing demand, especially in the peak demand, which occurs late
in the evening during the monsoon season. Coal and gas plants thus play an important role in ensuring
resource adequacy in the Indian grid. Presently, India has 25 GW of gas-based units that are currently
stranded, running at a plant load factor (PLF) of 24 percent due to the unavailability of domestic gas
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in the power sector. However, Govt. of India, approved a machanism for operationalization of 5 GW
gas-based capacity to support peak demand by increasing gas allocation to the power sector.
Furthermore, GAIL and Petronet have also promised an increased gas supply to meet peak demand
during the summer of 2023 (Financial Express, 2023).
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Figure 16: a) Coal- and Gas-based Power Plant Capacity Over 25 Years of Age in 2030;
b) Sector-wise Variable Costs of the Coal Power Plants Presented in (a) (Author’s analysis)

As per our analysis, by 2030, around 60 GW of India’s coal and gas capacity will be above 25 years
of age, most of which is owned by public sector undertakings (PSU) and states. After the completion
of their economic lifetime, the plants could undergo a life extension programme and be retrofitted
to provide a higher degree of flexibility (lower technical minimum and higher ramp-up/down rates).
Thus, these plants could be used to meet regional/state peak demand that occurs at different times
irrespective of location and previous PPA arrangements through the central pool scheme.

These thermal plants, which are regulated centrally under a pool scheme, will run seasonally/monthly
during the peak demand periods of the year (with more frequent starts and stops) and be entitled
to support only during this period. These plants will thus pave the way for the transformation of coal
power from all-season operations to seasonal operations to meet peak demand. Similarly, state plants,
which have legacy PPAs with state-owned utilities, could exit and join the same arrangement to increase
the ambit of such a mechanism. Thus, plants beyond 25 years, irrespective of the holding company,
have a substantial role to play as envisaged in the recently released norms on tariff pooling for coal
units retired beyond economic lifetime (Ministry of Power, 2023c).

Further, with high RE penetration in the grid, two-shifting operational requirements from thermal
assets for several months of the year —including March, April, May and June (The Energy and Resources
Institute, 2021) — will become paramount. It would thus be beneficial to utilise old thermal units for
meeting seasonal and daily peak demand.
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4.4. Market Strengthening

Market strengthening is a crucial aspect in effectively managing peak electricity demand, especially in
light of the proposed changes outlined by the Union Ministry of Power. These measures aim to create
an efficient and reliable market framework that can accommodate the increasing penetration of RE
sources and address the challenges associated with peak demand. To enhance market operations, it is
essential to address the dominance of inflexible long-term contracts that may hinder the integration of
RE. By facilitating the market participation of renewables, the electricity market can provide a platform
for RE generators to sell their power, thereby increasing the share of renewables in the overall energy
mix.

Resource adequacy planning at the central and state levels is crucial to meet the growing electricity
demand. Monitoring mechanisms should be in place to ensure that state utilities maintain an adequate
supply of electricity. This would involve assessing capacity and reserve margins to ensure a reliable
power supply, particularly during periods of heightened demand.

Measures such as real-time pricing and ToD tariffs can incentivise consumers to participate in demand
response activities, reducing stress on the grid during peak hours. The ToD pricing regime (Ministry
of Power, 2023a)to be introduced in the commercial and industrial segment is a welcome move from
MoP towards a dynamic retail pricing regime. This could be extended to various segments such as
vehicle charging, high-residential-load areas, etc.

Additionally, implementing a regional-level balancing framework for deviation management can
reduce deviation penalties for states at the interstate transmission system (ISTS) level. This reduction
in penalties would lower reserve requirements, leading to more efficient utilisation of resources and
improved market performance.
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FUTURE TRAJEGCTORY FOR INDIA'S
ELECTRICITY PEAK DEMAND

Accurate projection of peak electricity demand is crucial for efficient planning and management of
electrical systems. Anticipating the highest level of electricity consumption allows for the optimisation
of power generation, transmission and distribution, ensuring a reliable and stable electricity supply to
meet the needs of consumers. Ultimately, accurate projection of peak electricity demand is essential for
ensuring the reliability, resilience and cost-effectiveness of electricity systems, while also facilitating the
transition to cleaner and more sustainable energy sources. In this chapter, we discuss the methodology
employed in this study, the scenarios considered and the projections of the future peak demand at
both national and sub-national levels.

5.1. Methodology

To forecast the national peak demand in 2032,® a bottom-up approach was used by estimating state
peak demand individually for all states across the country. The annual state electricity requirement at
the consumption level (excluding transmission and distribution losses, or T&D losses) was forecast by
multi-linear regression over and above the historic demand. From the state-wise electricity requirement
data and peak electricity demand, we estimated the compound annual growth rate (CAGR) of peak
demand over the period. Further, based on the CAGR of peak demand, we project the state-wise peak
demand for 2032. With the computed state-wise peak demand and the base year (2022) time series
data of state-wise consumption, we computed the ex-bus electricity load profiles for 2032. The load
curves at the state periphery were derived after considering the T&D losses for 2032 as per the 20"
Electric Power Survey (EPS) of state-level consumption. The load curves were further aggregated at the
national level. We consider two scenario categories: the current trajectory scenario (CTS) and the high
growth rate scenario (HGR).

3 Since the hourly demand curves on the ICED are available in the form of the calendar year, we consider the calendar year approach in our analysis.
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5.2. Results

The All-India peak demand is expected to grow to 320-334 GW across both scenarios considered in this
study. This is quite close to the peak demand of 366 GW projected in the 20th EPS. The peak demand of
various regions follows a very similar trend compared to the base year of 2022, with NR exhibiti ng the
highest peak demand, followed by WR, SR and other regions. Notably, in the CTS scenario, SR’s peak
demand grew at a CAGR of 6.1 percent, followed by NR at 5.6 percent, whereas WR grew by a CAGR of
4.8 percent. This growth in SR was largely due to anincrease in industrial as well as residenti al load in the
states of Tamil Nadu and Karnataka. State-wise peak electricity demand projecti ons are presented in
the annexure.

Table 3: Historical and Projected, All-India and Regional Peak Demands (GW) Across Various Scenarios

Region Year Year Vasudha’s Scenario CEA
2011 2022 For Year 2032 20th EPS (2032)

All India 334 366
NR 40 77 120 123 127
WR 42 69 100 104 114
SR 38 60 101 101 107
ER 15 27 42 43 50
NER 2 3 5 5 6
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Figure 17: Peak Day Demand Curve at the National Level, CTS Scenario (2032) (Authors’ analysis)
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( 6) CONCLUSION AND WAY FORWARD

CHAPTER

This report extensively analyses changes in peak demand at both the national and sub-national levels.
By examining various evidence and data, we have gained valuable insights into the patterns, trends
and factors that influence peak demand. Our analysis sheds light on the importance of understanding
peak demand variations, as they have significant implications for the reliability, efficiency and planning
of power systems. Further, this report provides projections for peak electricity demand requirements
in the next decade by state. The national-level demand would likely be in the order of 320-334 GW in
the year 2032.

Though this report relies on a comprehensive analysis to explain the rise in India’s peak electricity
demand at the national and sub-national levels, at the sectoral level, there are underlying causal
relations —such as macroeconomic indicators —as well as socioeconomic factors that explain the rise of
peak demand. However, the lack of availability of time-varying data on electricity demand at the sectoral
level hinders research in this area. Thus, to observe a change in peak demand, demand across sectors
has to be verified through empirical evidence. For example, a rise in cooling demand and services
sector growth. Thus, robust data availability would help in understanding the rise in peak demand and
drafting a shape-effective energy policy. It should be the collective responsibility of central as well as
state agencies to furnish open-source, end-use sectoral data at a regular frequency on feeder profiles,
appliance stock, housing, agricultural mechanisation, industrial production, etc. This will eventually aid
decision-makers and shape India’s electricity reforms.
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ANNEXURE

Table 3: Summary of Peak Demand Projection of States and 20™ Electric Power Survey (EPS) Projections
for 2032

Actual Demand VF's Projections 20th EPS (2032)
for 2022 (MW) for 2032 (MW) (MW)

Andhra Pradesh 12075 20381 24387
Assam 2354 3715 4128
Bihar 6698 10671 15159
Chhattisgarh 5338 8169 9713
Delhi 7800 12654 12222
Goa 606 943 1128
Gujarat 21506 30284 36287
Haryana 12605 21465 21644
Himachal Pradesh 2032 3689 3190
Jammu and Kashmir 3159 5070 4633
Jharkhand 5389 8253 4997
Karnataka 14859 25783 21613
Kerala 4465 6202 6967
Madhya Pradesh 16926 27020 27386
Maharashtra 29845 43690 44622
Manipur 257 428 448

Meghalaya 434 549 575

Mizoram 163 288 331

Nagaland 171 235 235

Odisha 6611 11482 9782
Punjab 14113 20632 20587
Rajasthan 16518 26980 27032
Tamil Nadu 17511 27903 28291
Telangana 14089 24863 27059
Tripura 344 460 731

Uttar Pradesh 26379 44254 44066
Uttarakhand 2413 3628 4159
West Bengal 9628 13814 16824
DvC 4014 6212 5649
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LIST OF ABBREVIATIONS

GW Gigawatt

CAGR Compound Annual Growth Rate
CDD Cooling Degree Days

CTS Current Trajectory Scenario

EMI Easy Monthly Instalments

EPS Electric Power Survey

ER Eastern Region

EV Electric Vehicle

GAIL Gas Authority of India Limited
GDP Gross Domestic Product

GHG Greenhouse Gas

GOl Government of India

HGR High Growth Rate Scenario

ICB Imported Coal-Based Companies
ICED India Climate and Energy Dashboard
IEA International Energy Agency

ISTS Interstate Transmission System
kWh Kilo Watt Hour

LCOE Levelised Cost of Electricity
MBED Market-Based Economic Dispatch
MTPA Million Tonnes Per Annum

NER Northeastern Region

NR Northern Region

PLF Plant Load Factor

PLI Production-Linked Incentive

PM-KUSUM  Pradhan Mantri Kisan Urja Suraksha Evam Utthaan Mahabhiyan Yojana
PoS Point of Sale

PPA Power Purchase Agreements

PSU Public Sector Undertakings

RE Renewable Energy

SCED Security-Constrained Economic Dispatch
SR Southern Region

T&D Transmission And Distribution Losses
ToD Time of Day

WR Western Region
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