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5. India's Power Grid Stress - Environment  
India's power grid has recently faced unprecedented power shortages during nighttime hours due to 

record electricity demand caused by early and intense heatwave conditions. 
Background 

India's electricity sector has undergone dramatic transformation over the past decade, 
transitioning from chronic power deficits and load-shedding to becoming the world's third-largest 
electricity producer with near-universal electrification. This remarkable progress stemmed from massive 
capacity additions, particularly in renewable energy where India installed nearly 150 GW of solar 
capacity making it a global solar power leader. Solar energy's zero marginal cost and abundant daytime 
availability created expectations that renewables would seamlessly replace polluting coal-fired thermal 
power plants. However, this optimism overlooked fundamental physics—solar panels generate electricity 
only when sunlight falls on them, producing nothing after sunset. As solar capacity expanded 
dramatically, a new challenge emerged - the "solar cliff" phenomenon where electricity supply 
plummets precipitously after sunset precisely when residential cooling demand remains elevated during 
heatwaves.  
Recent power shortages during late-night hours with demand-supply gaps exceeding 4 GW exposed 
critical vulnerabilities in India's energy transition. Spot electricity prices surging to regulatory caps of ₹10 
per unit at night while crashing to ₹1.5 during daytime solar surplus revealed the grid's inability to store 
abundant daytime renewable generation for nighttime use. This crisis demonstrates that adding 
renewable capacity without corresponding investments in energy storage, grid flexibility, and thermal 
plant modernization creates new reliability challenges replacing old power deficit problems with 
renewable intermittency crises requiring comprehensive systemic solutions. 
Recent Power Supply Disruptions 
Demand-Supply Mismatch 
1. India recorded peak electricity demand reaching approximately 256 GW, driven by intense early-

season heatwave conditions across multiple states. 
2. Power shortfall exceeded 4 GW during late-night hours when solar generation vanished but cooling 

demand persisted. 
3. This deficit forced load-shedding in some regions, disrupting residential comfort, commercial 

operations, and industrial production. 
Forced Outages Spike 
1. Forced outages caused by equipment failure, technical faults, or operational stress increased 

sharply to approximately 21-26 GW. 
2. These unplanned shutdowns occurred when thermal power plants operating at maximum capacity 

experienced breakdowns from aging infrastructure and climate stress. 
3. Planned maintenance outages remained relatively limited at about 3 GW, indicating that 

uncontrolled failures rather than scheduled maintenance drove unavailability. 
Extreme Price Volatility 
1. Spot electricity prices in the Day Ahead Market surged to the regulatory cap of ₹10 per unit during 

night hours reflecting severe supply scarcity. 
2. Prices dropped sharply to approximately ₹1.5 per unit during daytime hours indicating surplus solar 

power availability exceeding demand. 
3. This extreme price volatility between day and night demonstrates the grid's inability to transfer 

abundant daytime generation to scarce nighttime supply. 
Why Nighttime Grid Stress Occurs 
Solar Cliff Phenomenon 
1. India has developed nearly 150 GW of solar capacity which significantly supports daytime electricity 

demand providing low-cost, clean power. 
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2. Solar generation falls to negligible levels immediately after sunset, creating sudden supply gaps 
during evening and night hours. 

3. This steep transition in the supply curve is termed the "solar cliff"—a precipitous drop replacing 
abundant daytime solar with zero nighttime output. 

4. The larger solar capacity grows, the more dramatic the cliff becomes, creating steeper evening 
ramping requirements for conventional generators. 

Sustained Nighttime Demand 
1. Electricity demand remains elevated during night hours due to continued operation of air 

conditioners and cooling appliances. 
2. Heatwave conditions with high nighttime temperatures prevent meaningful demand decline that 

historically occurred when temperatures dropped after sunset. 
3. Urban heat island effects in cities further sustain high temperatures and cooling requirements 

throughout night hours. 
4. Residential consumption peaks during evening and night when people return home, operate 

appliances, and require comfort cooling. 
Thermal Power Dependence 
1. During non-solar hours the grid relies heavily on coal-based thermal power plants expected to 

compensate for absent solar energy. 
2. Thermal plants must rapidly increase output during evening hours and maintain high generation 

throughout the night. 
3. However, coal plants designed for steady baseload operation struggle with rapid ramping 

requirements imposed by solar variability. 
4. Frequent ramping increases wear, reduces efficiency, raises maintenance costs, and causes more 

frequent forced outages. 
Limited Flexibility from Other Sources 
1. Hydropower provides valuable flexibility through rapid output adjustments but faces constraints 

from limited water availability particularly during summer. 
2. Reservoir levels decline during dry seasons reducing hydropower's ability to fill evening demand 

gaps when needed most. 
3. Gas-based power plants offer excellent ramping capabilities but high fuel costs make them 

economically uncompetitive except during peak price hours. 
4. Wind energy generation remains intermittent and geographically concentrated, unable to provide 

consistent reliable nighttime supply across regions. 
Structural Gaps in Power Sector 
Renewable-Conventional Mismatch 
1. India's energy transition creates fundamental mismatch between variable renewable energy supply 

and inflexible conventional generation backup systems. 
2. Renewable capacity additions outpaced development of complementary flexibility resources 

needed to manage their variability. 
3. The grid operates with 20th-century thermal infrastructure attempting to integrate 21st-century 

renewable technologies without adequate bridging mechanisms. 
Energy Storage Deficit 
1. The grid lacks adequate battery energy storage systems to store excess daytime solar power for 

nighttime dispatch. 
2. While battery costs have declined dramatically, deployment remains minimal relative to renewable 

capacity additions. 
3. Pumped hydro storage, the most mature large-scale storage technology, faces geographical 

constraints and long development timelines. 
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Thermal Infrastructure Aging 
1. Coal-based thermal power plants face operational stress from aging infrastructure with many units 

exceeding designed operational lifetimes. 
2. Climate-induced challenges including reduced water availability for cooling and higher ambient 

temperatures reduce thermal plant efficiency. 
3. Inadequate maintenance during years of renewable expansion left thermal fleets unprepared for 

intensive ramping duties. 
Demand Management Limitations 
1. Demand-side management programs remain limited, especially in regulating peak residential 

consumption during critical evening hours. 
2. Time-of-use tariffs that could incentivize demand shifting remain poorly implemented across most 

distribution companies. 
3. Smart meter penetration remains low, limiting utilities' ability to implement dynamic pricing or 

demand response programs. 
Government Initiatives for Clean Energy 
Renewable Energy Hybrid Policy 
1. The policy encourages establishing projects combining solar and wind energy at the same location 

to increase capacity utilization. 
2. Hybrid projects leverage complementary generation patterns—solar peaks during day while wind 

often strengthens during evening and night. 
3. Co-location reduces land requirements, transmission infrastructure needs, and project development 

costs. 
Green Energy Corridor 
1. This initiative aims to strengthen transmission infrastructure evacuating renewable energy efficiently 

from generation centres to demand hubs. 
2. Dedicated high-voltage transmission lines reduce congestion enabling renewable power to reach 

distant consumption centres. 
3. Enhanced transmission capacity prevents renewable generation curtailment that occurs when grid 

cannot absorb available clean power. 
Perform, Achieve and Trade Scheme 
1. Implemented by the Bureau of Energy Efficiency, PAT promotes energy efficiency in energy-intensive 

industries. 
2. The scheme sets specific energy consumption targets for designated industrial consumers, creating 

tradable efficiency certificates. 
3. Reducing industrial electricity demand through efficiency improvements decreases overall grid 

stress and peak requirements. 
Addressing Solar Cliff Challenge 
Battery Energy Storage Deployment 
1. India must dramatically accelerate deployment of battery energy storage systems storing surplus 

daytime solar power for nighttime dispatch. 
2. Large-scale battery installations at grid level can absorb midday solar surplus when prices crash 

and discharge during evening peak. 
3. Battery storage provides fastest ramping capability, ideal for managing the sharp solar cliff 

transition. 
Pumped Hydro Storage Expansion 
1. Pumped hydro storage uses excess daytime solar electricity to pump water uphill into reservoirs, 

releasing it through turbines during night. 
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2. This mature technology offers large-scale, long-duration storage suitable for managing daily solar 
cycles. 

3. Identifying suitable sites and fast-tracking environmental clearances can unlock significant storage 
potential. 

Thermal Plant Modernization 
1. Ageing thermal power plants require modernization and upgrades improving efficiency, reducing 

forced outages, and enhancing operational flexibility. 
2. Retrofitting plants with improved boiler controls, flexible ramping capabilities, and faster start-up 

systems enables better renewable integration. 
3. While long-term goal remains decarbonization, near-term reality requires functional thermal backup 

for reliability. 
Grid Flexibility Enhancement 
1. Greater investment in grid flexibility including flexible generation, ancillary services, and real-time 

balancing mechanisms manages renewable variability. 
2. Flexible ramping products in electricity markets compensate generators providing rapid output 

adjustments. 
3. Ancillary services including frequency regulation and voltage control maintain grid stability amid 

variable renewable injection. 
Advanced Forecasting Systems 
1. Strengthening forecasting capabilities for renewable generation and electricity demand helps 

anticipate demand-supply gaps. 
2. Accurate day-ahead and intra-day forecasts enable better scheduling of conventional generators 

and storage systems. 
3. Digital grid management systems with real-time monitoring improve system reliability and enable 

faster response to disruptions. 
Demand Response Programs 
1. Implementing robust demand response programs incentivizing consumers to shift flexible loads 

from peak to off-peak hours. 
2. Time-of-use tariffs charging higher rates during evening peak and lower rates during daytime solar 

surplus encourage consumption shifting. 
3. Smart meters and home automation systems enable automated demand response reducing 

manual intervention requirements. 
Way Forward 
Accelerate Energy Storage Deployment 
1. India must treat battery energy storage and pumped hydro development as urgent national 

priorities, setting ambitious deployment targets with streamlined approvals, financial incentives, and 
public investment catalysing rapid buildout, while establishing domestic battery manufacturing 
capabilities reducing import dependence and creating employment in emerging clean energy 
industries. 

Modernize Thermal Infrastructure 
1. Upgrade aging thermal power plants improving efficiency, reliability, and ramping flexibility through 

modern control systems, component replacements, and operational training, recognizing that 
thermal plants remain essential grid stability anchors during renewable transitions requiring 
decades for complete phase-out even under aggressive decarbonization scenarios. 

Enhance Grid Intelligence and Flexibility 
1. Invest comprehensively in grid modernization including advanced forecasting tools, digital 

management systems, real-time monitoring infrastructure, and market mechanisms rewarding 
flexibility provision, while expanding transmission capacity connecting renewable-rich regions with 
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demand centres and enabling inter-regional power sharing balancing regional generation-demand 
mismatches. 

Conclusion 
India's recent nighttime power shortages despite 150 GW solar capacity expose the "solar cliff" 

challenge where generation plummets after sunset while heatwave-driven cooling demand persists. 
Peak demand reaching 256 GW with 4 GW shortfalls and spot prices surging to ₹10 per unit reveal critical 
gaps in energy storage, thermal plant flexibility, and grid management. While initiatives like Renewable 
Hybrid Policy and Green Energy Corridor advance clean energy integration, achieving reliable 
renewable-dominated grids requires massive battery storage deployment, thermal modernization, and 
enhanced grid intelligence transforming India's power system. 
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