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Generation Capacity in India Al

Installed Generation Capacity as on 30.10.2024

Capacity
Category |Capacity (GW) Non-Fossil Fuel (GW)
Fossil Fuel RES

Coal 211.03 Hydro 46.97
Solar 92.12

Lignit 6.62
'Bnite Wind 47.72
Gas 24.82 Biomass/Cogen 10.73
SHP 5.08

W E
Diesel 0.59 aste to tnergy 0.61
Nuclear 8.18
Total

Fossil Fuel 243.06 Non-Fossil Fuel 211.40
Total Installed Capacity (GW) 454.45

Renewable Energy
eIncreasing non-fossil capacity to 500 GW by 2030

Solar, 20.3%

*Meeting 50% of energy requirements from renewables
*Net Zero Emissions by 2070

*RCO Targets for Total Renewable Energy for FY 2024-25 is 29.91% and for FY 2029-20 is 43.33%
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INSTALLED GENERATION CAPACITY AS ON OCTOBER, 2024
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Wind , 10.5%

Coal, 46.4%

Hydro, 10.3%

Diesel, 0.1% Gas, 5.5% Lignite , 1.5%




Power Market Structure: Contracts

Long-term and Short-term

contracts/ products




- Electricity Market Segments in India

Share of Market Segments in Total Electricity Generation,
2023-24
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CONTRACT DURATIONS/TYPES

Options for Power Sale/Purchase
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Driver of Power Market Design:

Cost optimization -
What has been tried so far




Wholesale Market Design : Cost Optimization

Already in position

e Day Ahead Market

e Real Time Market

e Security Constrained Economic Dispatch (SCED)

Under Discussion

e Market Based Economic Dispatch (MBED)




Power Market
| silintFeaturesof MarketDesign

Categories of Market Day Ahead Market (DAM) Real Time Market System Imbalance/ Ancillary
(RTM) Services Market (AS)

Purpose Energy Trade Energy Trade Inadvertent Deviation Management

Status : Until 2020 Day Ahead [Self Scheduling + Power  Deviation Settlement Mechanism (DSM) + Ancillary Services (AS)

Exchange (PX)]

Proposed Way Forward Day Ahead [Self Scheduling+ RTM: Energy Trade Half- Deviation Settlement Mechanism
Power Exchange (PX)] hour Ahead with ‘Gate (DSM) + Ancillary Services (AS)
/ Closure’
MBED: Under discussion / Market based AS: From June 2023
Implemented from June, 2020
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Volume of Electricity Transacted through Traders and Power

Exchanges, 2008-09 to 2023-24
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4 ™
Trend in Volume Transacted in DAM and RTM
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Volume (BU)

DSM Volume vs Volume in RTM, 2009-10 to 2023-24
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Volume (BU)
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Security Constrained Economic Dispatch (SCED)
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Benefits to the pool:

a) Refund of VC of costly generator: 200 *4* 250 = Rs 2 lakhs
b) Part loading compensation to costly generator: = 200*0.5*250 = Rs 0.25 lakhs (say)
c) Additional payment to cheaper generators =[ 100*1+50*2 +50*3]*250= Rs 0.875 lakhs

Net profits remaining with the pool: a-b-c = Rs 0.875 lakhs

™~
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Security Constrained Economic Dispatch (SCED)

SCED Schdule Vs Variable Cost
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SCED Pilot - Benefits

SCED SAVINGS (RS. CRORE)
: Key findings of the pilot
:  Optimization of Generation based on Merit
. - - Order
. 3 « Reduction in system costs
* Ease of Generators’ Operations
High PLF of cheaper plants

A T
2024)

B 20572
[

SCED Benefits (Till Aug, 2024)

« Reduction in Production Cost : Rs. 37.32 Billion ( ~ Rs 1.80 Crore/ Day)

« Reduction in Average Variable Cost of Supply: ~ 1.5 paise/ kwh

» Average Perturbation :- ~ 900 MW

» Average No. of generators Perturbed per Block :- 16 ( 10 Up and 06 Down)
« ~ 35% Decrease in the number of Schedule Changes

Total Savings under SCED Pilot till Aug 2024 : Rs 3732 Crores (Avg ~ 1.80 Cr/day)




BED : Driver

Variable Cost vs Actual gen and Declared Capability (MU) for July 2016

Scope for optimization
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Market Based Economic Despatch Framework
(still under discussion!)

Decentralized Framework Vs Proposed Market based

Framework =
Existing Proposed
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Power Market Design Considerations
of Future:

Context -RE Integration Challengesl




Net Load Curve

ALL INDIA DEMAND AND NET DEMAND FOR 10.05.2023

« All India Thermal Generation
ALL INDIA NET DEMAND
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All India Daily Variation of Max - Min from 2014 to 2024
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Daily load variation
70 upto 75 GW!
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Thermal generation - All India and ISGS (4™ Aug, 24)

ISGS Thermal - 4 Aug 2024
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Source: Grid-India
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All India Thermal Generation: 2801.2 MU
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Peak Demand Day (Solar hour peak) 30-05-2024

All India Generation (Area plots) 30-05-2024 (Thursday)
s Muclear Solar mmsm Hydro Wind Thermal mwm Gas Demand Net Demand ----
Al Demand *E_l) MNet Demand| Muclear | Thermal Gas Hydro Wind Solar %% RE | Day Peak
Peak (solar hrs) 250070 14:57 192298 5034 163363 7571 18550 15102 42671 | 23% v
MW Peak (non-solar hrs) 232410 22:49 210844 5267 167312 | 12058 26672 21509 o 9% >
Demand & Genration values are in MW, Time in hh:mm solar hrs : 0800-1800 non-solar hrs - G000-0600 & 1300-2400
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Peak Demand Day (Non-Solar hour peak) 29-05-
2024

All India Generation (Area plots) 29-05-2024 (Wednesday)
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Load Duration Curve -
indicates need for separate contracts for peak/flexibility
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DEMAND-SUPPLY FOR SELECTED TIME BLOCKS ON 19™ JUNE, 2024

Aggregate Demand-Supply Curve Aggregate Demand-Supply Curve
(Off-Peak Solar Hours) (Peak Non-Solar Hours)
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SHORTAGE SCENARIO IN POWER MARKETS

% of Blocks with MCP = Price Ceiling, 2023-24
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Power Market Design :
Way Forward




Market Design of the Future:

Current Debate ......c....... Whether

e MBED ..... Energy only Market
(with technical and operational aspects to be factored in bid by generators)

Or

e Centralized Dispatch (SCUC and SCED)

(with technical and operational aspects to be factored in by the system operator while
dispatch)




Market Design of the Future: Key Considerations

1. Resource Adequacy

e Long-term (5 to 10 years) flexible (rolling) physical contracts including capacity contracts; Fuel
allocation policy and financing!

e Separate contracts for flexible resources (ESS, DR)

2. Optimization of Scheduling, Dispatch and Cost
e Coupling of SCUC and DAM,;
e SCED and RTM,;
e Co-optimization of Energy and Ancillary Service
e Shift to faster (5 min) scheduling & settlement

3. Derivatives in Electricity - To manage market price fluctuation risk

4. Improved market monitoring and surveillance




Market Design : Integrated Vision

Long term physical/financial contracts for
hedging/contracts for flexible resources

Optimisation
of short-run
marginal cost

System Balancing

(AS)

uolsod
109110)

Future: Coupling of SCUC/DAM; SCED and RTM; Co-optimization of Energy and Ancillary Services
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