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1.1. GEOGRAPHY 

 

1.1.1. INDIA'S URBAN WATER CRISIS 

Context     

Urban India’s summer water crisis is no longer a 

seasonal anomaly or a future threat, it has 

degenerated into a chronic, structural emergency. 

Major metropolitan hubs including New Delhi, 

Chennai, Bengaluru, and Hyderabad face severe 

seasonal deficits, characterized by dry taps, heavily 

depleted groundwater, and an over-reliance on 

private water tankers. 

Core Manifestations of the Urban Water Crisis  

• Severe Supply Deficits: Large families in urban pockets are forced to subsist on highly inadequate 

resources (e.g., a single 20-liter can per day). 

• High Intermittent Vulnerability: Informal settlements and low-income wards face acute 

structural inequity, resulting in long queues at standposts and public friction. 

• The "Water Quality" Challenge: Intermittent supply, broken/leaky distribution lines, and 

substandard storage lead to cross-contamination. This manifests as a public health crisis 

(waterborne illnesses, lost workdays, and mounting medical bills). 

• Administrative Myopia: The state apparatus largely treats the systemic crisis as a temporary, 

seasonal inconvenience to be endured until the monsoon arrives. 

Structural Causes of Urban Water Insecurity 

The crisis is not merely a consequence of meteorological droughts, but a reflection of flawed urban 

planning and governance over decades: 

• Asymmetrical Urban Growth: Cities have expanded exponentially faster than the carrying 

capacity of their underlying water infrastructure. 

• Destruction of Natural Infrastructure: Ecological buffers like urban lakes, wetlands, ponds, and 

stormwater channels have been systematically encroached upon or built over. 

• The "Flood-Drought" Paradox: Because natural drainage channels are destroyed, a few hours of 

intense rainfall cause severe urban flooding, yet the same city faces severe water scarcity just 

weeks later due to a lack of local retention. 

• Sourcing Mismanagement & Supply-Side Bias: Cities ignore local conservation, choosing 

instead to pump water from distant rivers/reservoirs through long, expensive, and energy-

intensive pipelines. 

• Unregulated Groundwater Extraction: Deep borewells are sinking rapidly, extracting 

groundwater far quicker than natural recharge rates can replenish it. 
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Government Initiatives 

• Jal Jeevan Mission (Urban) [JJM-U]: Aims to provide universal water supply coverage through 

functional tap connections in all statutory towns and rejuvenate local water bodies. 

• AMRUT 2.0 (Atal Mission for Rejuvenation and Urban Transformation): Focuses on making 

cities 'water secure' by promoting circular economy of water through recycled wastewater 

management and reduced non-revenue water (leaks). 

• Jal Shakti Abhiyan (Catch the Rain Campaign): Drives time-bound, citizen-led interventions for 

rainwater harvesting and groundwater recharge under the theme "Catch the rain, where it falls, 

when it falls." 

• National Water Mission (NWM): Operates under the NAPCC to optimize water-use efficiency by 

20% through conservation, minimization of wastage, and equitable distribution across states. 

• Model Groundwater Bill & Atal Bhujal Yojana: Provides a regulatory framework for states to 

control unrestricted groundwater extraction while incentivizing community-led water budgeting 

in stressed blocks. 

Way Forward  

Addressing this chronic condition requires moving beyond temporary coping mechanisms toward a 

structured, short-to-medium-term action plan: 

A.  Information Symmetry & Public Accountability 

• Emergency Water Plans: Municipal corporations must publish transparent, public-facing 

emergency allocation plans. 

• Equity in Distribution: Plans must identify vulnerable wards and prioritize tail-end 

distribution (fixing the duration and frequency of supply) to manage expectations and 

minimize public grievances. 

B.  Plug the Leaks (Addressing Non-Revenue Water) 

• Time-Bound 'Leak Hunts: Instead of investing heavily in distant new supply lines, focus on 

physical audits of existing networks. 

• High-Yield Reductions: In cities where nearly 30% of water is lost to distribution leaks, 

repairing high-loss zones effectively "creates" a massive new water source instantly without 

added ecological footprints. 

C.  Demand-Side Management & Decentralized Audits 

• Institutional Auditing: Large consumers (government buildings, commercial hubs, large 

residential campuses) must conduct mandatory, immediate water audits and fix internal 

leakages. 

• Community-Led Governance: Resident Welfare Associations (RWAs) and local neighborhood 

leaders must set strict conservation norms during peak summer months, limit non-essential 

use, and monitor tanker supply sources. 

D.  Integrated Water-Waste Management 

• Dual Network Repair: Efforts to fix water supply pipelines must be coupled with fixing sewer 

networks to prevent sewage exfiltration and subsequent groundwater contamination. 
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• Optimizing Used-Water Treatment: Upgrade existing Sewage Treatment Plants (STPs) via 

low-cost, quick measures like optimized aeration, de-weeding, and desludging. This treated 

wastewater can safely augment local groundwater recharge and non-potable surface needs. 

Conclusion 

No single silver-bullet policy can resolve India’s urban water crisis. The solution lies in shifting the 

paradigm from "finding new water" to "managing existing systems with equity and efficiency." 

By directly targeting unpredictability, infrastructure waste, structural inequity, and contamination, 

Indian cities can transform a seasonal emergency into resilient, water-secure urban ecosystems. 
 

Q. India's recurring urban water crises are symptoms of deeper governance and planning failures 

rather than mere seasonal shortages. Examine the causes of urban water scarcity in India and 

suggest measures to achieve sustainable urban water security. 15 Marks  
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2.1. INTERNATIONAL RELATIONS 
  

2.1.1. DECODING THE INDIA-RUSSIA RELOS PACT 

Context 

The Reciprocal Exchange of Logistics Agreement 

(RELOS) between India and Russia was fully 

operationalised in January this year. Official 

clarifications have dismissed social media claims of 

permanent troop stationing, confirming that the 

pact functions strictly as an administrative 

framework to streamline military replenishment and 

technical support.  

Introduction 

Logistics Support Agreements (LSAs) are foundational military pacts designed to enable reciprocal 

access to naval, air, and land bases for refuelling, repairs, and supplies during peacetime operations. 

RELOS formalizes this administrative framework between India and Russia, extending India’s logistical 

capability into the Eurasian and Arctic zones without creating permanent military bases or alliances.  

Structural Dimensions and Functional Dynamics 

1.  Core Structural Features of RELOS 

• Operational Mandate: The pact establishes clear, non-bureaucratic procedures for the 

reciprocal use of airspace, airfields, and ports by military aircraft and warships.  

• Troop Caps and Timelines: It stipulates a broad upper limit of 3,000 personnel to 

accommodate large-scale contingents during mutually agreed visits, featuring an initial 

validity period of five years.  

• Designated Occasions: The logistics facilities can only be accessed during specific bilateral 

tasks, including joint exercises, training, port calls, and Humanitarian Assistance and Disaster 

Relief (HADR) missions.  

2.  Opening the Arctic and Eurasian Frontiers 

• Northern Sea Lanes: RELOS uniquely provides the Indian Armed Forces reciprocal access to 

over 40 Russian naval and air bases, unlocking critical facilities in the Arctic and Pacific oceans 

such as Murmansk, Vladivostok, and Petropavlovsk-Kamchatsky.  

• Climate-Driven Navigation: As global warming creates new navigability routes in the 

northern hemisphere, this access significantly scales up India’s long-range maritime 

monitoring capabilities beyond its traditional Indo-Pacific boundaries.  

3.  Strategic Comparison: India’s Multi-Aligned Logistics Matrix 

India maintains logistics pacts with nine nations, including the US, UK, France, Japan, and Australia. 

While the basic administrative template remains identical, the geopolitical and technical functions 

vary:  
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Agreement Signatory 

Country 

Strategic Focus 

Zone 

Primary Functional Utility 

RELOS Russia  Arctic, Eurasia, 

and Indo-Pacific  

Streamlines spare parts and technical repair chains 

for Russian-origin fleets (Su-30MKI, S-400, T-90).  

LEMOA United 

States  

Indo-Pacific and 

Indian Ocean  

Establishes a reciprocal baseline for refueling and 

replenishment during joint drills and HADR tasks.  

COMCASA United 

States  

Global 

Interoperability  

Authorizes encrypted military communications and 

secure network integration across advanced weapon 

platforms.  

BECA United 

States  

Precision 

Targeting  

Shares vital geospatial, satellite, and navigation data 

to enhance situational awareness and missile 

accuracy.  

 

Significance of the Universal Logistics Pact 

1. Secures Critical Defense Supply Chains: It drastically minimizes administrative delays in 

servicing, repairing, and maintaining India's expansive inventory of Russian-origin platforms, such 

as the S-400 systems and Sukhoi fleets.  

2. Extends Long-Range Maritime Reach: It projects the Indian Navy’s operational footprint directly 

into northern sea lanes, safeguarding maritime trade corridors that cover over 70% of India's trade 

volume.  

3. Boosts Tri-Service Interoperability: It facilitates seamless logistical coordination during high-

intensity bilateral maneuvers like the INDRA exercises, which require the synchronized deployment 

of multiple warships, ground units, and aircraft.  

4. Reinforces Strategic Bilateral Trust: It complements major joint technology projects like the 

BrahMos cruise missile and submarine cooperation, anchoring a defense partnership worth over 

$13 billion.  

5. Optimizes Deployment Economics: Reciprocal access reduces the baseline deployment time, 

financial expenditure, and deep-sea vulnerabilities associated with executing long-range naval and 

aerial deployments.  

Challenges in Operationalizing RELOS 

1. Managing Geopolitical Misperceptions: Countering misleading international narratives that 

falsely frame routine, non-bureaucratic administrative logistics tools as aggressive, binding 

military alliances.  

2. Balancing Competing Partnerships: Maintaining true strategic autonomy while simultaneously 

operationalizing overlapping logistics agreements with rival global superpowers like the United 

States and Russia.  

3. Overcoming Geographical Disparities: Navigating the massive physical distances required to 

actively utilize remote Arctic and Pacific infrastructure outside of standard, pre-planned exercise 

schedules.  
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4. Absence of Permanent Basing Options: Because permanent or long-term stationing of 

personnel and assets is strictly prohibited, the utility of these bases remains entirely dependent 

on pre-negotiated, temporary visit windows.  

5. Administrative Interoperability Gaps: Standardizing technical aid, medical protocols, and 

resource delivery mechanisms across two militaries that operate under completely distinct 

organizational and administrative frameworks.  

Way Forward 

1. Formulate Strict Joint SOPs: Establish specific, standardized operating procedures to execute 

smooth refueling, berthing, and aircraft servicing operations at designated bases.  

2. Capitalize on Arctic Sea Lanes: Actively utilize access to northern Russian airfields and ports to 

build operational familiarity with emerging global navigation routes.  

3. Synchronize Maintenance Lifecycles: Align the logistics benefits of RELOS directly with defense 

manufacturing requirements to prevent gaps in the supply of critical military hardware 

components.  

4. Conduct High-Latitude Joint Exercises: Utilize the 3,000-troop limit effectively by organizing 

specialized, long-range naval patrols and training drills in the Arctic and Pacific theaters.  

5. Optimize Multi-Directional Logistics: Balance the Eurasian advantages of RELOS with the Indo-

Pacific capabilities of LEMOA to construct a resilient, multi-aligned maritime security strategy.  

6. Utilize the Five-Year Review Window: Leverage the agreement's built-in expiration clause to 

iteratively adjust technical support criteria and troop limits as operational requirements evolve.  

Conclusion 

The operationalisation of RELOS marks a vital administrative step forward in India-Russia defense ties, 

expanding India's strategic reach from the Indian Ocean to the Arctic frontier. By providing a 

structured, non-basing framework for reciprocal support, the agreement allows India to safeguard its 

critical defense supply chains and preserve its strategic autonomy within a rapidly evolving multipolar 

global order.  
 

Q. Logistics Support Agreements (LSAs) serve as strategic force multipliers in expanding a nation's 

maritime footprint and global operational reach. Evaluate this statement in light of the recently 

operationalised Reciprocal Exchange of Logistics Agreement (RELOS) between India and Russia. 

15 Marks 
 

Q. What is the significance of Indo-US defence deals over Indo-Russian defence deals? Discuss with 

reference to stability in the Indo-Pacific region. 
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3.1. ECONOMY 
 

3.1.1. INDIA’S STATISTICAL OVERHAUL EXPLAINED 

Context 

India has recently executed comprehensive upgrades 

to its core statistical databases to eliminate structural 

inaccuracies. These reforms recalibrate the 

measurement frameworks for Gross Domestic 

Product (GDP), industrial production, and inflation 

indices, aligning the nation's economic tracking with 

contemporary realities. 

Introduction 

The Ministry of Statistics and Programme Implementation (MoSPI) and the Ministry of Commerce and 

Industry have modernized India's macroeconomic tracking architecture. By replacing outdated 2011–

12 base years with updated 2022–23 and 2024 series, and adopting advanced frameworks like the 

Producer Price Index (PPI), the government has minimized data decay and synchronized domestic 

accounting with international best practices. 

Key Economic Concepts 

• Base Year: A specific year serving as a benchmark to measure economic indices (like GDP or 

inflation), updated periodically to capture modern consumption patterns. 

• Double-Deflator Method: An advanced statistical technique that applies separate inflation 

adjustments to input costs and output prices, preventing value-addition miscalculations during 

price volatility. 

• GDP Deflator: A comprehensive metric comparing nominal GDP to real GDP to measure broad 

inflation across all domestically produced goods and services. 

• Producer Price Index (PPI): A global standard index measuring average changes in selling prices 

received by domestic producers, capturing factory-gate transaction costs across both goods and 

services. 

• Index of Industrial Production (IIP): A composite macroeconomic indicator tracking short-term 

volume changes in industrial sector production against a fixed baseline. 

Key Methodological and Baseline Changes 

• GDP and IIP Recalibration: MoSPI updated the national accounts and industrial production base 

years from 2011–12 to 2022–23, ensuring highly granular data feeds. 

• Retail Inflation Overhaul: The Consumer Price Index (CPI) transitioned to a 2024 base year, 

accompanied by a modernized and inclusive commodity basket with adjusted weightages. 

• Wholesale and Producer Indices: The Ministry of Commerce updated the Wholesale Price Index 

(WPI) and established a definitive timeline to implement the advanced Producer Price Index (PPI). 
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• Advanced Accounting Integration: The statistical overhaul formally incorporated the double-

deflator method to accurately isolate real economic growth from input price distortions. 

Significance of the Statistical Overhaul 

• Eliminates Structural Obsolescence: Updating decade-old base years ensures macroeconomic 

indices accurately reflect current market dynamics and consumption behaviors. 

• Refines Monetary Policy Decisions: A modernized CPI basket provides the Reserve Bank of India 

(RBI) with realistic retail inflation data, strengthening interest-rate formulations. 

• Enhances GDP Deflator Accuracy: The simultaneous revision of both consumer and wholesale 

price indices directly improves the precision of the derived GDP deflator. 

• Elevates Global Institutional Ratings: Integrating the double-deflator method addresses long-

standing International Monetary Fund (IMF) demands, improving India's sovereign data credibility. 

• Improves Industrial Tracking: Recalibrating the IIP base year strengthens corporate data 

pipelines, which subsequently feeds into highly accurate quarterly GDP calculations. 

Challenges Associated with the Transition 

• Complex Methodological Execution: Implementing the double-deflator approach demands 

specialized statistical capacity and continuous tracking of high-frequency input-output data. 

• Extended WPI Phase-Out Period: The five-year transition timeline to fully replace the WPI with 

the PPI risks creating interim analytical discrepancies in inflation tracking. 

• Historical Data Splicing Friction: Reconciling the outdated 2011–12 series with the new 2022–

23 baseline poses technical challenges for long-term econometric modeling. 

• Inter-Ministerial Synchronization: Fragmented administration between MoSPI and the Ministry 

of Commerce requires flawless coordination to prevent computational mismatches. 

• Census Dependency: The long-term accuracy of these recalibrated indices remains heavily reliant 

on demographic sampling frameworks drawn from a pending national census. 

Global Best Practices 

• Producer Price Index (PPI) Standard: Developed economies exclusively utilize the PPI rather 

than wholesale indices to precisely capture factory-gate price shifts across both goods and 

services. 

• IMF Dissemination Guidelines: The International Monetary Fund mandates strict national 

accounting standards, prioritizing the dual-deflation system and frequent baseline updates to 

ensure global comparability. 

Way Forward 

• Institutionalize Periodic Baseline Updates: Enact a mandatory legislative framework to 

automatically revise economic base years every five years, preventing future structural data decay. 

• Accelerate the PPI Deployment: Establish strict intermediate milestones to ensure the complete 

replacement of the WPI with the PPI well within the designated five-year window. 

• Execute a Time-Bound National Census: Expedite the delayed national census to provide an 

updated demographic foundation for re-weighting all macro-statistical sampling baskets. 
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• Consolidate Data Pipelines: Integrate MoSPI and Commerce Ministry data aggregation networks 

into a unified digital ecosystem for real-time statistical synchronization. 

• Standardize Double-Deflation Applicability: Expand the double-deflator method uniformly 

across all economic sectors by deploying specialized technical training to regional statistical 

cadres. 

• Dynamic Retail Basket Adjustments: Continuously monitor and update the CPI commodity 

weights to reflect the rapidly expanding digital and service-based consumption habits of Indian 

households. 

Conclusion 

The systemic overhaul of India's macroeconomic databases marks a critical transition toward empirical 

transparency and governance efficiency. By resolving legacy data distortions through updated base 

years and advanced accounting frameworks like the PPI and double-deflator method, India 

significantly bolsters its sovereign statistical credibility, empowering policymakers to design highly 

targeted interventions for a resilient economy. 
 

Q. "Evaluate the macroeconomic implications of updating the base years and methodologies of key 

economic indices in India. How do these reforms strengthen data reliability and align national 

accounting with global best practices?" 15 Marks  

 

3.1.2. INDIA’S CHEAPEST POWER IS HERE, THE GRID MUST CATCH UP 

Why in News? 

India added over 45 GW of renewable energy 

capacity in 2025, making solar and wind the 

cheapest sources of electricity. However, more 

than 50 GW of renewable energy projects 

remain stranded due to inadequate transmission 

infrastructure, highlighting the urgent need for 

grid modernization and expansion. 

Introduction 

India's clean energy transition has reached a critical stage where the challenge is no longer generating 

renewable power but transmitting it efficiently. As renewable energy capacity grows rapidly, 

strengthening and modernizing the transmission network has become essential for achieving energy 

security, climate goals, and sustainable economic growth. 

Current Status of India's Renewable Energy Sector 

1.  Rapid Expansion of Renewable Capacity 

• India has approximately 250 GW of installed renewable energy capacity with another 100 

GW under construction.  

2.  Competitive Renewable Energy Costs 
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• Solar and wind energy have emerged as India's cheapest sources of electricity.  

• Falling battery prices are enabling affordable round-the-clock clean power.  

3.  Rising Future Energy Demand 

• India may require nearly 2,000 GW of renewable energy by 2050 to support industrialization, 

urbanization, and transport electrification.  

4.  Growing Grid Stress 

• The pace of renewable energy deployment is significantly faster than transmission 

infrastructure development.  

Why Has Transmission Become the Major Bottleneck? 

1.  Mismatch Between Generation and Transmission Timelines 

Renewable energy projects such as solar and wind farms can be set up within 12–18 months, while 

transmission lines often take 3–5 years to become operational. This creates a situation where 

power generation capacity is ready, but evacuation infrastructure is not. 

2.  Land Acquisition and Right-of-Way Issues 

Building new transmission corridors requires large stretches of land and right-of-way permissions, 

which often face legal disputes, environmental concerns, and local resistance. These challenges 

significantly delay project execution. 

3.  Regulatory and Administrative Delays 

Transmission projects require approvals from multiple government agencies at the central and 

state levels, increasing implementation timelines. Reflecting these delays, only about 8,830 circuit 

kilometres (ckm) of transmission lines were added against a target of 15,253 ckm in the previous 

fiscal year, while over 50 GW of renewable energy capacity remains stranded awaiting grid 

connectivity. 

4.  Underutilisation of Existing Infrastructure 

Many transmission assets remain underused because renewable energy generation is intermittent 

and storage capacity is limited. Outdated transmission technologies also restrict the amount of 

power that existing lines can carry. 

5.  Rising Renewable Energy Integration Needs 

The growing share of solar and wind energy introduces variability into the power system, requiring 

greater grid flexibility and balancing mechanisms. Without adequate storage and smart-grid 

solutions, integrating large volumes of renewable energy becomes difficult. 

Challenges in India's Transmission Sector 

1.  Inadequate Transmission Infrastructure 

The expansion of transmission networks has not kept pace with the rapid growth of renewable 

energy capacity. As a result, several renewable energy projects remain stranded due to the lack of 

adequate evacuation infrastructure. 
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2.  High Investment Requirements 

India's ambitious clean energy transition will require massive investments in transmission 

infrastructure, estimated at over $100 billion in the coming decade. Mobilising such large-scale 

financing remains a significant challenge. 

3.  Technology Adoption Gaps 

A substantial part of India's transmission network still relies on conventional conductors and 

outdated technologies. This limits the grid's ability to carry higher volumes of electricity efficiently. 

4.  Grid Integration Challenges 

The intermittent nature of solar and wind power creates fluctuations in electricity supply. 

Integrating large-scale renewable energy therefore requires advanced storage systems, smart 

grids, and balancing mechanisms. 

5.  Land and Environmental Constraints 

Developing new transmission corridors often faces delays due to land acquisition issues, 

environmental clearances, and local opposition. These constraints increase project costs and 

implementation timelines. 

6.  Planning and Coordination Deficits 

Poor coordination between renewable energy developers, transmission utilities, and regulatory 

agencies leads to infrastructure mismatches. The absence of integrated planning creates 

bottlenecks in connecting new renewable projects to the grid. 

Important Committees, Reports and Initiatives 

1.  National Electricity Plan (CEA) 

Prepared by the Central Electricity Authority, the plan outlines India's long-term electricity demand 

and infrastructure requirements. It emphasizes large-scale transmission expansion to facilitate 

renewable energy integration and ensure grid reliability. 

2.  Green Energy Corridor Programme 

The programme aims to create dedicated transmission infrastructure for evacuating power 

generated from renewable energy sources. It helps connect renewable-rich regions with demand 

centres and reduce transmission bottlenecks. 

3.  National Smart Grid Mission (NSGM) 

Launched to modernize India's power sector, the mission promotes automation, digitalization, and 

smart-grid technologies. It seeks to improve grid efficiency, reliability, and integration of 

renewable energy. 

4.  National Electricity Policy 

The policy provides the overall framework for the development of the power sector in India. It 

advocates reliable, affordable, and sustainable electricity access through efficient transmission and 

distribution systems. 
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5.  National Green Hydrogen Mission 

The mission aims to make India a global hub for green hydrogen production and exports. It 

highlights the need for a robust transmission network to support the large-scale renewable energy 

required for green hydrogen generation. 

Policy Reforms Needed 

1.  Promote Storage-Linked Renewable Projects 

Integrating battery storage systems with solar and wind projects can store excess electricity and 

supply power during peak demand periods. This improves grid utilization and reduces renewable 

energy curtailment. 

2.  Modernise Existing Transmission Infrastructure 

Adopting high-temperature low-sag (HTLS) conductors and smart-grid technologies can 

significantly increase transmission capacity. This allows more electricity to be transmitted through 

existing corridors without acquiring additional land. 

3.  Repurpose Underutilised Coal Corridors 

Transmission infrastructure connected to ageing and underutilised coal plants can be leveraged 

for renewable energy evacuation. This optimizes existing assets and reduces the need for costly 

new transmission lines. 

4.  Develop Renewable Energy Zones 

Renewable energy parks should be planned alongside transmission infrastructure to ensure timely 

grid connectivity. Integrated development can minimize delays and improve project viability. 

5.  Strengthen Long-Term Grid Planning 

Transmission planning must be aligned with future renewable energy targets, industrial growth, 

and rising electricity demand. This will help avoid infrastructure bottlenecks and stranded 

generation assets. 

6.  Accelerate Regulatory Approvals 

Simplifying land acquisition procedures, environmental clearances, and inter-agency approvals 

can significantly reduce project delays. Faster approvals will enable timely expansion of 

transmission networks. 

7.  Encourage Public-Private Participation 

Greater private sector participation can mobilize additional capital and technological expertise for 

grid modernization. Public-private partnerships can accelerate infrastructure development and 

improve efficiency. 

8.  Future-Proof New Transmission Projects 

New transmission corridors should be designed using advanced technologies capable of handling 

higher renewable energy penetration. This will ensure the grid remains resilient and efficient as 

India's clean energy capacity expands. 
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9.  Deploy Battery Energy Storage Systems (BESS) at Pooling Stations 

Installing short-duration Battery Energy Storage Systems (BESS) at regional pooling stations can 

absorb excess midday solar generation and release it during peak demand. This offers a faster and 

cost-effective solution to grid congestion without requiring immediate large-scale transmission 

expansion. 

Conclusion 

India's clean-energy transition now depends as much on grid readiness as on renewable energy 

generation. Strengthening transmission infrastructure, modernising the grid, and improving storage 

capacity will be crucial to achieving energy security and net-zero ambitions. 
 

Q. India's renewable energy transition is increasingly constrained by transmission infrastructure 

rather than generation capacity. Examine the challenges facing India's power transmission sector 

and suggest reforms needed to build a future-ready electricity grid. 15 Marks  

 

3.2. SCIENCE & TECHNOLOGY 
 

3.2.1. DRONE REVOLUTION AND MODERN WARFARE 

Context 

Recent conflicts in Ukraine, Lebanon, Israel-Iran theatre and 

West Asia have demonstrated that drones have become 

central to modern warfare. Cheap, mass-produced 

unmanned systems are reshaping military doctrines, 

battlefield tactics, defence economics, and strategic 

deterrence. 

Introduction 

Traditionally, military power was determined by advanced platforms such as fighter aircraft, tanks, 

warships, and missiles. However, recent conflicts in Ukraine and West Asia have demonstrated that 

inexpensive, mass-produced drones can deliver surveillance, precision strikes, and intelligence 

capabilities at a fraction of the cost. Consequently, warfare is increasingly shifting from platform-

centric warfare to drone-centric warfare. 

How Drones Have Changed Modern Warfare 

1.  Persistent Surveillance and Visibility 

• Enhanced Situational Awareness: Drones provide real-time intelligence, continuous 

surveillance, target acquisition, and artillery correction, enabling unprecedented battlefield 

visibility and information dominance. 

• Increased Battlefield Vulnerability: Persistent drone surveillance has eliminated traditional 

concealment, making frontlines and rear areas equally vulnerable, with rapid detection often 

leading to immediate engagement and destruction. 

2.  Democratisation of Military Power 
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• Democratisation of Military Capability: Drones have lowered the barriers to military power by 

enabling smaller states and non-state actors to acquire effective surveillance and strike 

capabilities without requiring large defence budgets or advanced conventional arsenals. 

• Shift in Battlefield Economics: Low-cost drones can destroy high-value military assets such as 

tanks and artillery systems, creating an asymmetric cost advantage and reducing the 

traditional dominance of technologically superior militaries. 

3.  Precision Strike Capability 

Modern drones can: 

• Deliver explosives accurately 

• Attack moving targets 

• Conduct kamikaze missions 

• Destroy critical infrastructure 

FPV (First-Person View) Drone Revolution 

What are FPV Drones? 

FPV (First-Person View) drones are unmanned aerial systems operated through onboard cameras that 

transmit live video feeds to VR-style goggles worn by operators. Originally developed for recreational 

racing and aerial photography, they have been adapted into highly effective military strike and 

reconnaissance platforms. 

Advantages of FPV Drones 

• High Precision: FPV drones allow operators to accurately engage specific targets through real-

time visual control.  

• Low Cost: They deliver precision strike capabilities at a fraction of the cost of conventional missiles 

and weapon systems.  

• Easy Production: Most FPV drones can be rapidly assembled using readily available commercial 

components.  

• High Adaptability: They can be easily modified for reconnaissance, kamikaze attacks, bombing, 

interception, and electronic warfare missions.  

Fibre-Optic FPV Drones: The Next Generation 

What Makes Them Unique? 

Fibre-optic drones use cable-based communication instead of radio signals, making them highly 

resistant to jamming and electronic warfare. This ensures reliable operation even in contested 

battlefield environments. 

Benefits of Fibre-Optic Drones 

• Resistant to Electronic Warfare: Fibre-optic communication prevents disruption from enemy 

jamming and electronic interference.  
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• Difficult to Jam: Since signals travel through physical cables rather than radio frequencies, 

conventional jamming techniques become ineffective.  

• Reliable Communication: Provides uninterrupted transmission of commands and video feeds 

even in contested electromagnetic environments.  

• Enhanced Battlefield Survivability: Greater communication reliability improves mission success 

and operational effectiveness in high-threat zones. 

Recent Uses 

1.  Hezbollah's Drone Model: Low-Cost Asymmetric Warfare 

• Hezbollah extensively employs Iranian-origin drones such as Ababil, Mohajer, and Shahed for 

surveillance, reconnaissance, and precision strike missions.  

• The recent adoption of fibre-optic FPV drones has enhanced its ability to evade Israeli 

electronic warfare and counter-drone systems.  

2.  Israel's Counter-Drone Strategy: Multi-Layered Air Defence 

• Israel has developed a layered Counter-UAS architecture combining electronic warfare systems 

and specialised radars to detect and neutralise hostile drones.  

• AI-enabled systems such as the Iron Drone Raider provide cost-effective interception through 

net capture and direct collision mechanisms.  

3.  Iran's Drone Strategy: Tool of Strategic Deterrence 

• Iran views drones as instruments of deterrence, coercion, and power projection, 

complementing its conventional military capabilities.  

• Through Shahed-series drones and proxy-operated networks, Iran extends its strategic 

influence across Iraq, Syria, Lebanon, and Yemen. 

 

Emerging Trends in Drone Warfare 

1.  Swarm Warfare 

• Mass Saturation Attacks: Large numbers of drones operate simultaneously to overwhelm 

enemy air defences and exhaust interception capabilities.  

2.  AI-Enabled Drones 

• Autonomous Combat Systems: Artificial intelligence enables drones to navigate, identify 

targets, and support decision-making with minimal human intervention.  

3.  Integration with Electronic Warfare 

• Multi-Domain Drone Battles: Future conflicts will witness continuous competition between 

drones, counter-drones, and electronic warfare systems.  

4.  Hybrid Warfare 

• Integration Across Domains: Drones are increasingly combined with cyber operations, 

information warfare, and precision strikes to achieve strategic objectives beyond the 

battlefield.  
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Implications and Challenges of Drone Warfare for India 

1.  Border Security Threats 

Drones are increasingly being used for arms smuggling, drug trafficking, and surveillance activities 

along India's western and northern borders. 

2.  Need for Advanced Military Modernisation 

India must strengthen indigenous drone manufacturing, anti-drone systems, AI-enabled 

surveillance, and swarm drone capabilities to maintain battlefield superiority. 

3.  Strategic Importance of Atmanirbhar Bharat 

Future military power will depend on domestic industrial capacity, manufacturing scale, and 

defence innovation ecosystems rather than solely on expensive platforms. 

4.  Proliferation to Non-State Actors 

The low cost and easy availability of drones enable terrorists, insurgents, and other non-state 

actors to acquire advanced combat capabilities. 

5.  Ethical and Humanitarian Concerns 

The growing use of autonomous drones raises concerns regarding accountability, civilian 

casualties, and compliance with international humanitarian law. 

6.  Regulatory and Governance Challenges 

The absence of comprehensive international norms, export controls, and drone governance 

frameworks creates risks of misuse and unchecked proliferation. 

Way Forward 

1.  Strengthen Indigenous Drone Technology 

Invest in domestic development of advanced drones to reduce import dependence and enhance 

strategic autonomy. 

2.  Accelerate AI and Autonomous Systems 

Promote AI-enabled drones with capabilities such as autonomous navigation, target recognition, 

and decision support. 

3.  Build Robust Counter-Drone Capabilities 

Develop advanced anti-drone systems, electronic warfare tools, and directed-energy weapons to 

neutralise emerging threats. 

4.  Integrate Drones into Military Doctrine 

Institutionalise drone warfare through doctrinal reforms, specialised training, and greater tri-

service coordination. 

5.  Foster a Strong Defence Innovation Ecosystem 

Support defence startups, strengthen R&D infrastructure, and scale domestic manufacturing 

under Atmanirbhar Bharat. 
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6.  Promote Global Cooperation and Norms 

Work towards international regulations, responsible military drone usage, and collaboration on 

counter-drone technologies. 

Conclusion 

As warfare enters the age of autonomous systems, victory will increasingly belong to nations that 

combine innovation, industrial resilience, and drone dominance. For India, mastering this revolution 

is both a strategic necessity and an opportunity. 
 

Q. Assess the multidimensional security threats posed by the evolution of drone warfare, particularly 

focusing on non-state actors and border management. In this context, discuss the strategic 

necessity of 'Atmanirbhar Bharat' in building robust indigenous counter-drone capabilities. 15 

Marks 
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