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Syllabus: Economy 
1. w.LΩǎ wŜƳƛǘǘŀƴŎŜǎ {ǳǊǾŜȅ нлнр 
Context: The w.LΩǎ нлно-24 Remittances Survey reveals a historic shift: Advanced Economies (AEs) now 
contribute over 50% ƻŦ LƴŘƛŀΩǎ ǊŜƳƛǘǘŀƴŎŜǎΣ ǎǳǊǇŀǎǎƛƴƎ ǘƘŜ Gulf (37.9%) for the first time. This reflects changing 
migration patterns and economic priorities. 
 
YŜȅ CƛƴŘƛƴƎǎ ƻŦ w.LΩǎ 
Remittances Survey (2023-
24) 
¶ Dominance of 

Advanced 
Economies: USA 
(27.7%), UK (10.8%), 
Singapore (6.6%), 
Canada (3.8%), and 
Australia (3.1%) lead 
remittance inflows. 
E.g. The US alone 
contributes more 
than Saudi Arabia 
(6.7%) and Kuwait 
(3.9%) combined. 

¶ Decline in Gulf 
Contributions: D//Ωǎ 
share dropped 
from 46.7% (2016-17) to 37.9% (2023-24). E.g. ¦!9Ωǎ ǎƘŀǊŜ ŦŜƭƭ ŦǊƻƳ 26.9% to 19.2% due to job 
nationalization policies like Saudisation. 

¶ Skilled vs. Unskilled Remittances: 78% of Indian migrants in the US work in high-paying sectors (IT, 
finance, healthcare), sending larger sums. E.g. hƴŜ {ƛƭƛŎƻƴ ±ŀƭƭŜȅ ŜƴƎƛƴŜŜǊ ǊŜƳƛǘǎ ҒмлȄ DǳƭŦ 
ŎƻƴǎǘǊǳŎǘƛƻƴ ǿƻǊƪŜǊΩǎ ŜŀǊƴƛƴƎǎΦ 

¶ Student Mobility Driving Flows: 13.4 lakh Indian students abroad (Canada: 32%, US: 25.3%) boost 
remittances via education loans and post-study earnings. 

¶ Resilience During Crises: Remittances from AEs stayed stable during COVID-19, while Gulf flows dipped 
sharply. 

 
Reasons Behind the Shift: Gulf to Advanced Economies 
¶ DǳƭŦΩǎ 9ŎƻƴƻƳƛŎ /ƘŀƭƭŜƴƎŜǎΥ Oil price volatility and nationalization policies όŜΦƎΦΣ ¦!9Ωǎ 9ƳƛǊŀǘƛǎŀǘƛƻƴύ 

reduced low-skilled jobs for Indians. 
¶ Higher Wages in AEs: Purchasing power parity and stronger currencies (USD, GBP) amplify remittance 

values. 
¶ Skilled Migration Surge: STEM professionals in the US/UK earn 3-5x Gulf salaries.                                                       

E.g. Indian IT workers in the US remit $15ς20K/year. 
¶ Education-Driven Migration: ¦YΩǎ DǊŀŘǳŀǘŜ ±ƛǎŀ and /ŀƴŀŘŀΩǎ tD²t attract students who later 

transition to high-paying jobs. 
¶ Policy Support: Bilateral pacts like India-UK Mobility Partnership (2021) tripled Indian migrants to the 

UK. 
 
Implications for India: 
¶ Economic Stability: Remittances ($118.7B in 2023-24) fund пн҈ ƻŦ LƴŘƛŀΩǎ ǘǊŀŘŜ ŘŜŦƛŎƛǘ, reducing forex 

pressure. 
¶ Reduced Dependence on Gulf: Lower exposure to oil-driven Gulf recessions and migrant worker 

crises (e.g., 2020 Kuwait firings). 
¶ Brain Drain Concerns: Skilled exodus to AEs may deplete domestic talent in critical sectors like 

healthcare and tech. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2025/04/05/rbis-remittances-survey-2025/
https://swarajyamag.com/economy/from-dubai-to-delaware-the-shift-in-indias-migrant-money-explained-here
https://www.insightsonindia.com/international-relations/bilateral-regional-and-global-groupings-and-agreements-involving-india-and-or-affecting-indias-interests/india-and-west-asia/gcc/
https://www.insightsonindia.com/2025/03/01/world-bank-recommendations-for-india-to-achieve-developed-status-by-2047/
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¶ Regional Disparities: States like Kerala (Gulf-dependent) may face slowdowns, 
while Telangana/Karnataka (US-focused) benefit. 

¶ Digital Remittance Growth: UPI-PayNow linkage (India-Singapore) cuts transfer costs to 1%, boosting 
inflows. 

 
Way Forward:  
¶ Skill Harmonization: Align Indian qualifications (e.g., NSQF) with global standards to 

prevent deskilling of migrants. 
¶ Bilateral Labor Agreements: Expand pacts like India-Japan SSW to secure fair wages and rights for low-

skilled workers. 
¶ Cost Reduction: Scale Project Nexus (ASEAN-India FPS linkage) to cut remittance fees below 3% (UN 

SDG target). 
¶ Diversify Migration Destinations: Promote opportunities in East Asia (Japan, South Korea) to reduce 

over-reliance on AEs/Gulf. 
¶ Leverage Diaspora Bonds: Issue Resurgent India Bonds 2.0 to channel remittances into infrastructure 

projects. 
 
Conclusion: LƴŘƛŀΩǎ ǊŜƳƛǘǘŀƴŎŜ ǎǳǊƎŜ ŦǊƻƳ !9ǎ ǳƴŘŜǊǎŎƻǊŜǎ ƛǘǎ global talent dominance but demands policy 
agility to address brain drain and Gulf decline. By lowering transfer costs, securing migrant rights, 
and diversifying destinations, India can transform remittances into sustainable growth drivers. 
PYQ: ΨLƴŘƛŀƴ ŘƛŀǎǇƻǊŀ Ƙŀǎ ŀ ŘŜŎƛǎƛǾŜ ǊƻƭŜ ǘƻ Ǉƭŀȅ ƛƴ ǘƘŜ ǇƻƭƛǘƛŎǎ ŀƴŘ ŜŎƻƴƻƳȅ ƻŦ !ƳŜǊƛŎŀ ŀƴŘ 9ǳǊƻǇŜŀƴ 
/ƻǳƴǘǊƛŜǎΩΦ /ƻƳƳŜƴǘ ǿƛǘƘ ŜȄŀƳǇƭŜǎΦ (UPSC-2020) 
 

2. Labour Reforms for Viksit Bharat 
Context: India faces a jobs deficit with only 6 crore formal jobs created for 9 crore new working-age citizens 
since 2017-18. Rapid automation and capital-heavy growth threaten employment, needing urgent reforms for 
Viksit Bharat. 
 
Importance of Labour Force for Viksit Bharat: 
¶ Demographic Dividend: With ср҈ ƻŦ LƴŘƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴ ǳƴŘŜǊ ор, providing productive employment is 

key to long-term growth. Ex.: China leveraged youth power via labour-intensive manufacturing from 
1990ς2010. 

¶ Structural Transformation: Transition from agriculture to high-value sectors like IT and pharma 
requires a skilled workforce. Ex.: These sectors contribute 8% to GDP but employ only 5% of the 
workforce. 

¶ Inclusive Growth: Formal employment helps reduce poverty 
and income gaps by raising consumption. Ex.: MGNREGA 
boosted rural wages but lacks skilling for sustainable 
upliftment. 

¶ Global Competitiveness: Low-Ŏƻǎǘ ƭŀōƻǳǊ ŜƴƘŀƴŎŜǎ LƴŘƛŀΩǎ 
attractiveness for FDI in export-oriented sectors. Ex.: 
±ƛŜǘƴŀƳΩǎ ǘŜȄǘƛƭŜ ōƻƻƳ ǿŀǎ ŘǊƛǾŜƴ ōȅ ǿŀƎŜ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΦ 

¶ Social Stability: Joblessness can lead to social unrest and 
migration crises. Ex.: 2020 lockdown saw mass distress 
among unemployed migrant workers. 

 
/ƘŀƭƭŜƴƎŜǎ CŀŎŜŘ ōȅ LƴŘƛŀΩǎ [ŀōƻǳǊ CƻǊŎŜ ς Explained 
¶ Skill Deficit: Only 10% of the workforce has formal vocational training, limiting employability.                                      

Ex.: PLI in electronics faces hiring issues due to unskilled labour shortages. 
¶ Capital-Intensive Growth: Automation and AI are reducing demand for low-skilled, repetitive jobs.                         

Ex.: 30% manual textile jobs lost to robotics (ICRA, 2024). 
¶ Informalization: 90% workforce remains informal, without social protection or legal safeguards.                     

Ex.: Gig workers lack EPFO, health or insurance coverage. 
¶ Regulatory Hurdles: Rigid labour laws deter mass-scale hiring by small and medium enterprises.                    

Ex.: Post-reform Rajasthan saw a 25% rise in MSME registration. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2023/03/20/how-indias-digital-payment-revolution-is-inspiring-the-world/
https://www.insightsonindia.com/2025/02/17/sovereign-green-bonds-sgrbs/
https://www.insightsonindia.com/2025/04/03/labour-reforms-for-viksit-bharat/
https://www.insightsonindia.com/2025/02/24/talent-shortage/
https://www.insightsonindia.com/2024/12/07/viksit-bharat-2047/
https://www.insightsonindia.com/indian-economy-3/inclusive-growth-and-issues-arising-from-it/
https://www.epfindia.gov.in/
https://www.insightsonindia.com/wp-content/uploads/2025/04/Labour-Reforms.jpg
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¶ Wage Stagnation: Real wage growth remains sluggish at just 2% annually (ILO 2012ς2022).                                        
Ex.: This reduces income-led demand and impacts consumption-driven growth. 

 
Balancing Labour & Capital for Viksit Bharat: 
¶ PLI-ELI Synergy: Link production incentives with employer incentives for hiring trained workers.                             

Ex.: Drone firms rewarded for hiring ELI-certified youth. 
¶ Graded Skill Subsidies: Offer higher EPFO subsidies for firms employing skilled youth in niche sectors.                       
9ȄΦΥ DŜǊƳŀƴȅΩǎ Řǳŀƭ ǎȅǎǘŜƳ ōƭŜƴŘǎ ƛƴŘǳǎǘǊȅ ǘǊŀƛƴƛƴƎ ǿƛǘƘ ŦƻǊƳŀƭ ŜŘǳŎŀǘƛƻƴΦ 

¶ Labour Reforms: Enable flexible hiring and fixed-term contracts to boost employment elasticity.                           
9ȄΦΥ DǳƧŀǊŀǘΩǎ ŦƛȄŜŘ-term policy encouraged formal job creation. 

¶ ITI Revamp: Align ITI curriculum with market demands and tech advancements.                                                          
9ȄΦΥ ¢ƻȅƻǘŀΩǎ WLa ƳƻŘŜƭ ƛƴǘŜƎǊŀǘŜǎ ŀǳǘƻ-sector skill training. 

¶ R&D in Labour-Intensive Sectors: Promote AI-complementary employment in sustainable and 
traditional sectors. 9ȄΦΥ LƴŘƛŀΩǎ ǎƻƭŀǊ ŜƴŜǊƎȅ ǎŜŎǘƻǊ ŀŘŘŜŘ о ƭŀƪƘ Ƨƻōǎ ƻǾŜǊ р ȅŜŀǊǎΦ 

 
Conclusion: To realize Viksit Bharat, India must balance skill development with capital investment to create a 
tech-ready workforce. Flexible labour reforms should formalize jobs while maintaining worker protections. 
Data-driven policies like NSDC-NSO partnerships can align training with industry needs for sustainable 
employment growth. 
PYQ: Most of the unemployment in India is structural in nature. Examine the methodology adopted to compute 
unemployment in the country and suggest improvements. (UPSC-2023) 
 

3. Indian Startup Ecosystem 
Context: Indian Commerce Minister sharply criticized the Indian startup ecosystem for being focused on 
consumer-centric ventures like food delivery apps, calling for a shift toward deep-tech innovation. 
 
About Indian Startup Ecosystem: 
¶ Third Largest Startup Ecosystem Globally: India has over 100+ unicorns, driven by digital payments, e-

commerce, and consumer-tech. E.g. India added over 20 unicorns in 2023, with many focusing on 
logistics, ed-tech, and fintech. 

¶ Policy Backing from the Government: Initiatives like Startup India, Digital India, and IndiaAI Mission 
have enabled startup growth. E.g. млΣллл ŎǊƻǊŜ 5ŜŜǇ-Tech Fund and India Semiconductor Mission are 
recent efforts. 

¶ Youth and Talent Pool: With over 65% of the population under 35, India has a rich base of tech-savvy 
youth and engineers. E.g. India produces over 1.5 million engineers annually. 

¶ High Global Visibility: Indian-origin leaders like Sundar Pichai (Google) and Satya Nadella (Microsoft) 
exemplify Indian tech prowess globally. E.g. Indian founders are also at the helm of AI, cybersecurity, 
and fintech ventures abroad. 

¶ Improving Digital Infrastructure: UPI, Aadhaar, and BharatNet have laid a digital foundation for 
startups to thrive. E.g. India processed over 100 billion UPI transactions in 2023. 

 

http://www.insightsonindia.com/
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YŜȅ LǎǎǳŜǎ ƛƴ LƴŘƛŀΩǎ {ǘŀǊǘǳǇ 
Ecosystem: 
¶ Consumer-Tech Saturation: 

Heavy focus on short-cycle 
consumer ventures like quick 
commerce and food delivery. 
E.g. Most unicorns are not 
deep-tech but rely on B2C 
efficiency and customer 
acquisition. 

¶ Low Deep-Tech Funding: 
Startups in AI, quantum, or 
space-tech get a fraction of 
funding compared to China or 
the US. E.g. Deep-tech 
startups received $1.6 billion 
in 2024, despite a 78% YoY 
rise. 

¶ Limited Risk-Taking by VCs: 
Indian VCs seek quick returns and avoid long-gestation tech projects.                             E.g. Unlike US 
investors backing 10+ year ventures (like SpaceX), Indian VCs are conservative. 

¶ Weak Academia-Industry Linkages: Poor R&D infrastructure and limited collaboration between 
universities and startups. E.g. Indian universities rarely feature in global innovation or patent rankings. 

¶ Regulatory Bottlenecks: Angel tax (now scrapped), compliance overload, and exit barriers discouraged 
innovation. E.g. Complex regulatory norms reduce startup ease of doing business. 

 
 
Way Ahead: 
¶ Increase Public Investment in R&D: Raise R&D spending to at least 2% of GDP from the current sub-1% 

level. E.g. US, Germany spend over 3%; China 2.6% τ India lags far behind. 
¶ Strengthen Academic-Industry Collaboration: Build Centres of Excellence for AI, quantum, and 

semiconductors with institutional support. E.g. Link IITs with emerging startups in defence-tech and 
biosciences. 

¶ Focus on Education and Upskilling: Revamp STEM education to train students in emerging 
technologies early on. E.g. NDTSP 2023 pushes for early exposure to AI, robotics, and semiconductor 
design. 

¶ Provide Patient Capital: Encourage long-term VC funds and sovereign wealth support for deep-tech 
innovation. E.g. Rs 10,000 crore Deep-Tech Fund should be scaled and strategically deployed. 

¶ Streamline Regulatory Support: Simplify IP rights, fast-track patent approvals, and remove bottlenecks 
in funding and FDI. E.g. Adopt a NASAςDARPA-style mission-mode structure to back moonshot 
projects. 

 
Conclusion: LƴŘƛŀΩǎ ǎǘŀǊǘǳǇ ŜŎƻǎȅǎǘŜƳ ƛǎ ŀǘ ŀƴ ƛƴŦƭŜŎǘƛƻƴ ǇƻƛƴǘΦ /ƻƴǎǳƳŜǊ-tech has built foundational strengths, 
but deep-tech is essential for strategic sovereignty and global leadership. With the right policies, patient 
capital, and education reforms, India can script a new era of transformative innovation. 
PYQ: What is the status of digitalization in the Indian economy? Examine the problems faced in this regard and 
suggest improvements. 
 

4. Microfinance Institutions (MFIs) in India 
Context: Karnataka passed the Micro Loan and Small Loan (Prevention of Coercive Actions) Bill, 2024, following 
rising borrower suicides and public backlash against coercive recovery tactics by unregistered microfinance 
agents. 

http://www.insightsonindia.com/
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What is Microfinance? 
Microfinance provides small loans, 
savings, insurance, and remittance 
services to low-income, unbanked 
populations. 
Evolved in the 1980s with SHG-
Bank Linkage Programme; 
institutionalised via NABARD and 
later regulated by RBI.                    
E.g. !ǎ ƻŦ C¸нр vоΣ LƴŘƛŀΩǎ 
microfinance loan portfolio 
ǘƻǳŎƘŜŘ оΦфм ƭŀƪƘ ŎǊƻǊŜ ό/wLC 
report). 
 
Significance of Microfinance 
Institutions (MFIs) in India 
¶ Financial Inclusion Catalyst: MFIs reach rural poor, especially women, outside the scope of formal 

banking. E.g. Karnataka alone has 63 lakh unique microfinance borrowers (MFIN data). 
¶ Women Empowerment: Many MFIs lend primarily to women, promoting financial independence and 

social mobility. 
¶ Livelihood Generation: Microloans support agriculture, dairy, petty trade, and MSMEs. 
¶ SHG-Driven Development: SHG-Bank Linkage Model has mobilized over 1 crore SHGs across India.                        

E.g. мллΣллл ŎǊƻǊŜ ŎǊŜŘƛǘ ŘƛǎōǳǊǎŜŘ Ǿƛŀ {IDǎ ƛƴ C¸нп όb!.!w5ύΦ 
¶ Rural Credit Flow: Reduces informal sector borrowing and exorbitant interest rates.                                                    

E.g. MFIs offer loans at 18ς26% interest vs 60ς120% by moneylenders. 
 
Problems Plaguing Microfinance Institutions: 
¶ Coercive Recovery Practices: Aggressive recovery by unregulated MFIs leads to harassment, suicides.                    

E.g. Karnataka reported 22ς38 deaths in 6 months due to loan stress (The Hindu). 
¶ Unregulated Players: Fly-by-night lenders operating without RBI registration. 
¶ Political Interference & Moratorium Culture: Election promises of waivers disrupt repayment culture.                

E.g. !ǎǎŀƳΩǎ нлнм aCL ŎǊƛǎƛǎ ŘǳŜ ǘƻ ƭƻŀƴ ǿŀƛǾŜǊ ŀƴƴƻǳƴŎŜƳŜƴǘǎΦ 
¶ Over-indebtedness & Multiple Loans: Lack of centralized credit tracking causes debt spirals. 
¶ Data Transparency & Credit Risk: Poor credit assessment models and NPA surges.                                                      

E.g. YŀǊƴŀǘŀƪŀ aCL ƭƻŀƴ ōƻƻƪ ŘǊƻǇǇŜŘ ŦǊƻƳ пнΣллл ŎǊƻǊŜ ǘƻ опΣллл ŎǊƻǊŜ ƛƴ нлнпΦ 
 
Way Forward: 
¶ Legal Framework & Licensing: Implement the w.LΩǎ CŀƛǊ tǊŀŎǘƛŎŜǎ /ƻŘŜ & restrict unregistered lenders. 
¶ Grievance Redressal Mechanism: Set up local ombudsman system for borrower complaints. 
¶ Credit Information Integration: Use credit bureaus to prevent over-lending and borrower 

overexposure. 
¶ Financial Literacy Campaigns: Educate borrowers on debt limits, repayment norms, and legal 

protections. 
¶ Ethical Lending Practices: Encourage social performance rating of MFIs and community monitoring.                        

E.g. Post-2011 reforms in Andhra Pradesh improved transparency and borrower rights. 
 
Conclusion: ²ƘƛƭŜ ƳƛŎǊƻŦƛƴŀƴŎŜ Ǉƭŀȅǎ ŀ ǇƛǾƻǘŀƭ ǊƻƭŜ ƛƴ ŦƻǎǘŜǊƛƴƎ ŦƛƴŀƴŎƛŀƭ ƛƴŎƭǳǎƛƻƴ ŀƴŘ ǿƻƳŜƴΩǎ ŜƳǇƻǿŜǊƳŜƴǘΣ 
the Karnataka crisis reveals systemic flaws in regulation and borrower protection. A balanced approach is 
neededτone that ensures credit access while upholding borrower dignity and institutional accountability. 
PYQ: What are the main constraints in transport and marketing of agricultural produce in India?  (UPSC-2020) 
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5. Automotive Industry Landscape in India 
Context: LƴŘƛŀΩǎ ǇǊŜƳƛŜǊ ǘƘƛƴƪ ǘŀƴƪΣ bL¢L !ŀȅƻƎΣ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ /wL{L[Σ ǊŜƭŜŀǎŜŘ ǘƘŜ ǊŜǇƻǊǘ ǘƛǘƭŜŘ 
ά!ǳǘƻƳƻǘƛǾŜ LƴŘǳǎǘǊȅΥ tƻǿŜǊƛƴƎ LƴŘƛŀΩǎ tŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ Dƭƻōŀƭ ±ŀƭǳŜ /Ƙŀƛƴǎέ, outlining a strategic roadmap 
to make India a key global auto component manufacturing hub. 
 
About Automotive Industry 
Landscape in India: 
Global Ranking & Output: 
India is the 4th largest 
automobile producer globally, 
with 28 million vehicles 
manufactured in 2023ς24 
across all segments (two-
wheelers to commercial 
vehicles). 
 
Export Trends: Auto 
component exports reached 
$20 billion, forming 3% of 
global trade in 2023. India aims 
to triple exports to $60 billion 
by 2030. 
Domestic Market Growth: A booming middle class and policy incentives have led to increased demand for EVs 
and small cars. 
Value Chain Positioning: LƴŘƛŀΩǎ ǘǊŀŘŜ Ǌŀǘƛƻ ƻŦ ŀǳǘƻ ŎƻƳǇƻƴŜƴǘǎ ƛǎ 0.99 (balanced import-export), highlighting 
untapped export potential. 
Policy Support: Key government schemes include PLI, FAME-II, PM E-Drive, and ACC Battery Storageτ
catalysts for manufacturing scale-up. 
 
Importance of Automotive Sector in Indian Economy: 
¶ GDP Contribution: Accounts for тΦм҈ ƻŦ LƴŘƛŀΩǎ D5t and nearly 49% of manufacturing GDP.                                      

E.g. LƴŘƛŀΩǎ ŀǳǘƻ ƛƴŘǳǎǘǊȅ ǎǳǇǇƻǊǘǎ ƻǾŜǊ о Ƴƛƭƭƛƻƴ ŘƛǊŜŎǘ ƧƻōǎΦ 
¶ Linkages with Other Sectors: Strong backward and forward linkages with steel, rubber, electronics, 

glass, IT etc. E.g. мр҈ ƻŦ LƴŘƛŀΩǎ ǎǘŜŜƭ ƎƻŜǎ ǘƻ ŀǳǘƻƳƻǘƛǾŜ ǎŜŎǘƻǊΦ 
¶ Employment Generation: Potential to add 2ς2.5 million jobs by 2030 with planned scaling.                                      

E.g. Skilled and semi-skilled roles in OEMs, ancillaries, and EV startups. 
¶ Technology Spillovers: Driving AI, battery innovation, and Industry 4.0 adoption across sectors.                              

E.g. Automotive is the biggest consumer of semiconductors after electronics. 
¶ Export Competitiveness: Aims to increase GVC share from 3% to 8%.                                                                               

E.g. LƴŘƛŀΩǎ ŎǳǊǊŜƴǘ ǎƘŀǊŜ ƛƴ Ǝƭƻōŀƭ ŎƻƳǇƻƴŜƴǘ ǘǊŀŘŜΥ ϤϷнл. ƻǳǘ ƻŦ Ϸтлл.Φ 
 
Key challenges faced by automotive industry: 
¶ Cost Disadvantages: India faces ~10% cost disability compared to China, mainly due to higher material 

and capital costs. E.g. LƴŘƛŀ Ƙŀǎ ŀ млл҈ ŘŜǇǊŜŎƛŀǘƛƻƴ ǊŀǘŜ ǾǎΦ /ƘƛƴŀΩǎ рл҈Φ 
¶ Low Share in Precision Components: Only 2ς4% share in engine and transmission systems, which 

form 60% of global auto component trade. E.g. Weak competitiveness in ADAS, steering systems. 
¶ Import Dependence: Heavy reliance on China, South Korea, Germany for high-end parts. E.g. Imports 

from China: $2.8B in 2023ς24. 
¶ Infrastructure & Logistics Bottlenecks: Delays in multimodal connectivity and insufficient auto clusters.                  

E.g. Higher domestic freight costs reduce export margins. 
¶ R&D and Skill Gaps: Inadequate industry-academia linkages, limited skilled workforce in EV and 

software-led automotive technologies. E.g. EV battery cell manufacturing talent is limited. 
 
Way Ahead: 

http://www.insightsonindia.com/
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¶ Expand Component Production: Scale up to $145 billion output by 2030, focus on emerging & 
precision segments. E.g. Focus areas: EV batteries, ADAS, smart sensors. 

¶ Boost R&D and IP Support: Strengthen innovation through fiscal R&D incentives, testing labs, and tech 
transfer schemes. E.g. Cluster-based approach with IP cells and CoEs. 

¶ Build Smart Infrastructure: Invest in logistics parks, plug-and-play clusters, and testing facilities.                                 
E.g. Smart automotive hubs in Tamil Nadu and Maharashtra. 

¶ Deepen Global Trade Linkages: Leverage FTAs, joint venturesΣ ŀƴŘ ōǊŀƴŘƛƴƎ ǎǳǇǇƻǊǘ ŦƻǊ άaŀŘŜ ƛƴ 
LƴŘƛŀέ ŀǳǘƻ ŎƻƳǇƻƴŜƴǘǎΦ E.g. India-EU and India-UK trade deals in focus. 

¶ Skill India for Auto GVCs: Launch GVC Skilling India Scheme to train for high-tech auto jobs.                                       
E.g. Emphasis on battery tech, mechatronics, and vehicle software. 

 
Conclusion: LƴŘƛŀΩǎ ŀǳǘƻƳƻǘƛǾŜ ǎŜŎǘƻǊ ƛǎ ŀǘ ŀ ŎǊƛǘƛŎŀƭ ƛƴŦƭŜŎǘƛƻƴ ǇƻƛƴǘΣ ƻŦŦŜǊƛƴƎ ƛƳƳŜƴǎŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ 
integrate into global value chains. With targeted reforms, skilling, and investment support, India can become a 
world-class hub for EV components, auto electronics, and precision systems, driving both domestic growth 
and global competitiveness. 
PYQ: ά{ǳŎŎŜǎǎ ƻŦ ΨaŀƪŜ ƛƴ LƴŘƛŀΩ ǇǊƻƎǊŀƳ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ Ψ{ƪƛƭƭ LƴŘƛŀΩ ǇǊƻƎǊŀƳƳŜ ŀƴŘ ǊŀŘƛŎŀƭ ƭŀōƻǳǊ 
ǊŜŦƻǊƳǎΦέ 5ƛǎŎǳǎǎ ǿƛǘƘ ƭƻƎƛŎŀƭ ŀǊƎǳƳŜƴǘǎΦ ό¦{t/-2019) 
 
 

Syllabus: Infrastructure 
6. Indian Inland Waterways 
Context: India recorded an all-time high of 145.5 MMT cargo movement through inland waterways in FY 2024ς
25, up from just 18.1 MMT in FY 2013ς14. This marks a CAGR of 20.86%. 
 
Key Statistics on Indian Inland Waterways: 
¶ Cargo Traffic: Increased from 18.1 MMT (FY14) to 145.5 MMT (FY25). 
¶ National Waterways: Expanded from 5 (2014) to 111 (2024) under the National Waterways Act, 2016. 
¶ Operational Length: Increased from 2,716 km (2014ς15) to 4,894 km (2023ς24). 
¶ Passenger Movement: Touched 1.61 crore in FY 2023ς24. 
¶ Top Commodities: Coal, iron ore, sand, fly ash τ accounting for over 68% of cargo. 

 
Achievements in Inland Waterways: 
¶ Digital Innovations: LADIS, RIS, 

PANI, Car-D, MIRS improve 
navigational safety and efficiency. 

¶ Infrastructure Push: 3 MMTs 
(Varanasi, Sahibganj, Haldia), 1 IMT 
(Kalughat), community jetties, 
green vessels introduced. 

¶ Policy Milestones: Launch of 
Jalvahak Scheme, extension of 
Tonnage Tax to inland vessels. 

¶ Global Model: IWT seen as cost-
effective and sustainable 
alternative to rail/road. 

 
Challenges to Inland Waterways: 
¶ Sparse Industrial Hubs: Lack of 

major industries near waterways reduces freight volume, affecting viability of IWT corridors. 
¶ Multimodal Bottlenecks: Poor connectivity with rail and road networks delays cargo movement and 

increases logistics costs. 
¶ Seasonal Depth Fluctuations: Water levels in rivers drop during dry seasons, disrupting year-round 

navigability and consistency in services. 
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¶ Environmental Concerns: Large-scale dredging can harm aquatic ecosystems; sustainable development 
is crucial to preserve biodiversity. 

¶ Low Modal Share: Only 2% of total cargo uses waterways despite potential; underutilization keeps 
freight costs higher than optimal. 

 
Way Ahead: 
¶ Boost Private Sector Participation: Encourage PPP projects for developing terminals, jetties, and cargo-

handling facilities to enhance efficiency. 
¶ Capacity Building: Train inland vessel crews, logistics staff, and port operators to improve operational 

readiness and safety. 
¶ Environmental Norms: Implement green dredging technologies and eco-friendly port designs to 

minimize ecological footprint. 
¶ Awareness Campaigns: Highlight economic and environmental benefits of IWT to attract industries and 

shift cargo from road/rail. 
¶ Expand Multimodal Hubs: Develop integrated logistics parks linking waterways with highways and rail 

to streamline end-to-end transport. 
 
Conclusion: LƴŘƛŀΩǎ ƛƴƭŀƴŘ ǿŀǘŜǊ ǘǊŀƴǎǇƻǊǘ ƛǎ ǿƛǘƴŜǎǎƛƴƎ ŀ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴŀƭ ǎƘƛŦǘΣ ŦǊƻƳ ǇƻƭƛŎȅ ƛƴŜǊǘƛŀ ǘƻ ǇǊƻŀŎǘƛǾŜ 
development. The future lies in maintaining this momentum through green technology, digital transparency, 
and industrial synergy. A well-oiled IWT sectoǊ Ŏŀƴ ǊŜŘŜŦƛƴŜ LƴŘƛŀΩǎ ƭƻƎƛǎǘƛŎǎ ƭŀƴŘǎŎŀǇŜ ŦƻǊ ǘƘŜ нмǎǘ ŎŜƴǘǳǊȅΦ 
 

7. 5ŜŎŀǊōƻƴƛǎƛƴƎ LƴŘƛŀΩǎ [ƻƎƛǎǘƛŎǎ {ŜŎǘƻǊ 
Context: India is prioritizing decarbonisation of its logistics sector as part of the broader Viksit Bharat 2047 
vision and its commitment to achieving net-zero carbon 
emissions by 2070, with pilot projects like electrified highways 
gaining momentum. 
 
What is Decarbonisation? 
¶ Decarbonisation refers to the process of reducing carbon 
ŘƛƻȄƛŘŜ ό/hіύ ŜƳƛǎǎƛƻƴǎ ŀŎǊƻǎǎ ǎŜŎǘƻǊǎ ōȅ ǘǊŀƴǎƛǘƛƻƴƛƴƎ ǘƻ 
cleaner energy sources, increasing energy efficiency, and 
adopting low-carbon technologies. 

¶ It works by shifting from fossil fuels to renewables (solar, 
wind), electrifying transport, and using green fuels like 
hydrogen and LNG, thereby cutting carbon intensity across value chains. 

 
bŜŜŘ ŦƻǊ 5ŜŎŀǊōƻƴƛǎƛƴƎ LƴŘƛŀΩǎ Logistics Sector: 
¶ High Emissions Share: Logistics contributes around 13.5% ƻŦ LƴŘƛŀΩǎ ǘƻǘŀƭ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎΣ 

with road transport responsible for 88% (IEA, 2020). 
¶ Energy Dependency: Nearly 90% of passenger movement and 70% of freight depend on road 

transport, increasing carbon footprint. 
¶ Vision 2047 Goals: Achieving inclusive and resilient growth for Viksit Bharat needs a future-ready and 

eco-friendly logistics network. 
¶ Sustainable Global Competitiveness: DǊŜŜƴ ƭƻƎƛǎǘƛŎǎ ǿƛƭƭ ōƻƻǎǘ LƴŘƛŀΩǎ Ǝƭƻōŀƭ ǘǊŀŘŜ ŀǘǘǊŀŎǘƛǾŜƴŜǎǎ ŀƴŘ 

meet international climate obligations. 
 
Challenges to Decarbonisation: 
¶ Road Freight Dominance: Heavy dependence on trucks, which contribute to 38% ƻŦ /hі ŜƳƛǎǎƛƻƴǎ όL9!Σ 

2023), makes transition difficult. 
¶ High Transition Costs: Electrification of trucks and infrastructure like e-highways require large upfront 

investments. 
¶ Inland Waterways and Rail Share: Limited modal share of inland shipping and railways restricts faster 

low-carbon transitions. 
¶ Warehouse Energy Use: Conventional warehousing is energy-intensive, with low penetration of 

renewable energy systems. 
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¶ Slow Maritime Transition: Clean fuels like LNG, ammonia, and hydrogen adoption in shipping face 
technological and financial barriers. 

 
Way Ahead: 
¶ Rail Freight Expansion: 9ƴƘŀƴŎŜ ǊŀƛƭǿŀȅǎΩ ǎƘŀǊŜ ōȅ ŜȄǇŀƴŘƛƴƎ ŜƭŜŎǘǊƛŦƛŜŘ ǊƻǳǘŜǎ ŀƴŘ ŦǊŜƛƎƘǘ ŎƻǊǊƛŘƻǊǎΣ 
ŦƻƭƭƻǿƛƴƎ /ƘƛƴŀΩǎ ƳƻŘŜƭ όрл҈ ǎƘŀǊŜύΦ 

¶ E-highways for Trucks: Accelerate projects like the Delhi-Jaipur electric highway pilot to introduce 
overhead electric wires for trucks. 

¶ Green Shipping: Invest in LNG-powered vessels, solar-assisted boats, and hydrogen fuel initiatives in 
inland waterways. 

¶ Renewable Warehousing: Promote solar, wind, and geothermal energy adoption in warehouses to 
reduce operational carbon footprint. 

¶ Policy Push and Incentives: Provide financial incentives for green logistics innovation and create 
integrated decarbonisation strategies across transport sectors. 

 
Conclusion: 5ŜŎŀǊōƻƴƛǎƛƴƎ LƴŘƛŀΩǎ ƭƻƎƛǎǘƛŎǎ ǎŜŎǘƻǊ ƛǎ ŜǎǎŜƴǘƛŀƭ ƴƻǘ ƻƴƭȅ ŦƻǊ ŎƭƛƳŀǘŜ ŎƻƳƳƛǘƳŜƴǘǎ ōǳǘ ŀƭǎƻ ŦƻǊ 
building a resilient, competitive, and inclusive economy. With strategic investments and faster execution, 
India can lead the global green logistics transformation by 2047. 
PYQ: Discuss global warming and mention its effects on the global climate. Explain the control measures to 
bring down the level of greenhouse gases which cause global warming, in light of the Kyoto Protocol, 1997. 
(UPSC-2022) 
 

Syllabus: Agriculture 
 

8. LƴŘƛŀΩǎ !ƎǊƛŎǳƭǘǳǊŀƭ /ǊƻǎǎǊƻŀŘǎΥ Dƭƻōŀƭ ¢ǊŀŘŜ LƴǘŜƎǊŀǘƛƻƴ Ǿǎ 5ƻƳŜǎǘƛŎ CƻƻŘ {ŜŎǳǊƛǘȅ 
Context: India is under increasing global pressure to liberalise agricultural markets amid growing concerns 
about protecting domestic food security and farmer livelihoods. 
 
Importance of Global Trade Integration: 
¶ Boosts Export Revenues: Enhanced global access 

allows Indian produce like spices, rice, and mangoes 
to earn valuable foreign exchange. E.g. LƴŘƛŀΩǎ ϷуΦп 
billion agricultural exports to the US highlight this 
opportunity. 

¶ Encourages Technology Transfer: Trade agreements 
can attract foreign investment in Agri-tech and rural 
infrastructure. E.g.FTAs with developed countries can 
bring in cold storage tech and logistics. 

¶ Improves Market Efficiency: Integration encourages better price discovery and competition, benefiting 
high-quality producers. 

¶ Strengthens Diplomatic Ties: ¢ǊŀŘŜ ǇŀǊǘƴŜǊǎƘƛǇǎ ŀƭƛƎƴ ǿƛǘƘ LƴŘƛŀΩǎ ōǊƻŀŘŜǊ ƎŜƻǇƻƭƛǘƛŎŀƭ ǎǘǊŀǘŜƎȅ ƛƴ 
forums like WTO and BRICS. 

¶ Diversifies Supply Chains: Import of critical inputs like palm oil and fertilisers ensures production 
continuity. E.g. LƴŘƻƴŜǎƛŀΩǎ ǇŀƭƳ ƻƛƭ ŜȄǇƻǊǘ ōŀƴ ƛƴ нлнн ŜȄǇƻǎŜŘ LƴŘƛŀΩǎ ƛƳǇƻǊǘ ǾǳƭƴŜǊŀōƛƭƛǘȅΦ 

 
Importance of Domestic Food Security: 
¶ Supports Rural Livelihoods: !ƎǊƛŎǳƭǘǳǊŜ ŜƳǇƭƻȅǎ пн҈ ƻŦ LƴŘƛŀΩǎ ǿƻǊƪŦƻǊŎŜΣ Ƴƻǎǘƭȅ ǎƳŀƭƭ ŀƴŘ ƳŀǊƎƛƴŀƭ 

farmers. E.g. 100 million dairy farmers rely on tariff protection for survival. 
¶ Ensures Nutrition Stability: Self-reliant food production protects the poor from price shocks during 

global crises. 
¶ Reduces Dependence on Imports: Domestic food resilience shields India from global supply 

disruptions.                 E.g. Ukraine war spiked fertiliser prices due to overdependence. 
¶ Preserves Political Stability: Food insecurity can lead to social unrest, especially in rural and agrarian 

regions. 
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¶ Empowers Strategic Sovereignty: Self-sufficiency in food enables policy autonomy without external 
pressure. 

 
Key Challenges: 
¶ Subsidy Wars: Developed countries offer heavy subsidies, distorting global agri-trade.                                                 

E.g. US $10B farm aid makes their exports artificially competitive. 
¶ Pressure from FTAs: Demands from nations like New Zealand for dairy access risk destabilising local 

producers. 
¶ Illegal Imports: Despite bans, Chinese garlic enters India, collapsing prices for domestic growers. 
¶ WTO Scrutiny: LƴŘƛŀΩǎ a{t ǎȅǎǘŜƳ ƛǎ ŎƘŀƭƭŜƴƎŜŘ ōȅ ²¢h ƴƻǊƳǎΣ ǊŜŘǳŎƛƴƎ ǇƻƭƛŎȅ ŦƭŜȄƛōƛƭƛǘȅΦ 
¶ Dual Burden of Tariffs: High tariffs protect farmers but trigger retaliatory duties and limit export 

access.                E.g. ¦{ ΨǊŜŎƛǇǊƻŎŀƭ ǘŀǊƛŦŦΩ ǇƻƭƛŎȅ ǳƴŘŜǊ ¢ǊǳƳǇΦ 
 
Balancing Global Integration with Domestic Food Security: 
¶ Calibrated Liberalisation: Gradually lower tariffs only in non-sensitive sectors while safeguarding core 

crops. 
¶ Negotiate Investment-Focused FTAs: Focus more on Agri-investment and tech sharing than tariff cuts. 
¶ Strengthen Domestic Competitiveness: Invest in storage, logistics, and seed innovation to empower 

Indian farmers. 
¶ Enhance Import Surveillance: Tighten customs checks to prevent illegal or substandard imports. 
¶ Push WTO Reform: Advocate for transparent, equitable subsidy norms in global platforms to ensure 

fair play. 
 
Conclusion: India stands at a defining policy juncture. Balancing global trade integration with domestic food 
security is not a binary choice but a nuanced journey. Strategic caution, not hasty liberalisation, will secure 
both farmer welfare and international competitiveness. 
PYQ: What are the present challenges before crop diversification? How do emerging technologies provide an 
opportunity for crop diversification? (UPSC-2021) 
 

9. Traditional Seeds in India 
Context: Traditional seed varieties are declining due to market preferences for hybrid crops, threatening 
biodiversity and climate resilience. 
 
What are Traditional Seeds? Traditional seeds, also called indigenous, heirloom, or desi seeds, are native crop 
varieties that have been naturally cultivated, saved, and exchanged by farmers over generations. Unlike 
hybrid or genetically modified (GM) seeds, they are open-pollinated, meaning they can be replanted without 
losing their genetic traits. 
 
Key Characteristics of Traditional Seeds: 

1. Genetic Diversity: Adapted to local soil, climate, and pests over centuries. 
2. Climate Resilience: Naturally resistant to droughts, floods, and diseases. 
3. Low Input Dependency: Require minimal chemical fertilizers, pesticides, or irrigation.                              

Example: Desi cotton uses 70% less water than Bt cotton. 
¶ Nutritional Superiority: Richer in micronutrients, fiber, and antioxidants than hybrid varieties.  

Example: Finger millet (Ragi) has 3x more calcium than milk. 
¶ Cultural & Ecological Significance: Linked to tribal diets, festivals, and organic farming. 

 
Importance of Traditional Seeds in India: 
¶ Biodiversity Conservation: Preserve genetic wealth essential for food security. E.g.: YŜǊŀƭŀΩǎ tƻƪƪŀƭƛ 

rice tolerates saline water. 
¶ Nutritional Value: Contain higher fiber, minerals, and micronutrients than modern crops. E.g.: Kodo 

millet has 3x more fiber than wheat. 
¶ Climate Adaptation: Sustain production amid erratic weather, pests, and disease. E.g.: Bhut Jolokia 

chili (Assam) thrives in high humidity. 
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¶ Farmer Autonomy: Free farmers from annual seed purchases and dependency. E.g.: ул҈ ƻŦ LƴŘƛŀΩǎ 
cotton farmers rely on expensive GM seeds. 

¶ Soil Health: Support ecological balance and enrich soil naturally. E.g.: Red Rice (Manipur) enhances soil 
fertility naturally. 

 
Challenges Faced by Traditional Seeds in India: 
¶ Market Disincentives: Poor procurement and support prices discourage cultivation. E.g.: Only 6% of 
LƴŘƛŀΩǎ ǊƛŎŜ ǇǊƻŎǳǊŜƳŜƴǘ ƛǎ ǘǊŀŘƛǘƛƻƴŀƭ ǾŀǊƛŜǘƛŜǎΦ 

¶ Policy Bias: State subsidies and R&D focus remain skewed towards HYVs. E.g.: 90% of R&D funds go to 
wheat, rice, maize. 

¶ Seed Banking Gaps: Lack of infrastructure to store and share native varieties. E.g.: Just 40 functional 
seed banks in India (MSSRF report). 

¶ Consumer Shift: Urban preference for uniform, polished crops affects demand. E.g.: Quinoa imports 
rose 200% in 5 years (APEDA). 

¶ Climate Pressures: Erratic monsoons and floods threaten seed survival. E.g.: 30% decline in Navara 
medicinal rice (Kerala) due to floods. 

Way Forward: 
¶ Strengthen Seed Banks: Expand local networks for seed storage and exchange. E.g.: hŘƛǎƘŀΩǎ мΣнллҌ 

millet SHGs conserve 500+ varieties. 
¶ Policy Reforms: Provide MSP and include traditional crops in PDS. E.g.: Odisha Millet Mission boosted 

ragi procurement by 300%. 
¶ Consumer Awareness: Promote native crops through targeted marketing campaigns. E.g.: ά{ƛǊƛŘƘŀƴȅŀέ 

millets promoted in Karnataka schools. 
¶ Participatory Research: Empower farmers through joint seed breeding initiatives. E.g.: ¢ŀƳƛƭ bŀŘǳΩǎ 

Kudumbam NGO revived 100+ native paddy types. 
¶ Climate Funding: Direct climate adaptation funds to traditional seed conservation. E.g.: млл ŎǊΦ 
ŀƭƭƻŎŀǘŜŘ ŦƻǊ ¦ǘǘŀǊŀƪƘŀƴŘΩǎ .Ƙŀŀǘ tǊƻǘǎŀƘŀƴ ¸ƻƧŀƴŀΦ 

 
Conclusion: Traditional seeds are vital for nutrition, climate resilience, and farmer sovereignty. Policy shifts, 
seed banking, and consumer awareness can revive them. India must act now to balance productivity with 
sustainability. 
PYQ: How does e-Technology help farmers in production and marketing of agricultural produce? Explain it. 
(UPSC-2023) 
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Syllabus: Energy: Renewable & Non-Renewable 
10. India ς USA Nuclear Deal 2025 
 Context: The US Department of Energy has approved Holtec International to transfer Small Modular Reactor 
(SMR) technology to India marking a major milestone in operationalizing the Indo-US Civil Nuclear Deal (123 
Agreement) signed in 2007. 
 
Recent Indo-US Nuclear Deal Breakthrough: 

1. Technology Transfer Approved: The US DoE has permitted Holtec International to share unclassified 
SMR technology with Indian firms under 10CFR810 regulations. 

¢ƘŜ ŘŜŀƭ ƛǎ ǳƴŘŜǊ ǘƘŜ ǊŜǎǘǊƛŎǘƛǾŜ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ¦{Σ Ψмл/CwумлΩΣ ǿƛǘƘ ǘƘŜ ŀǇǇǊƻǾŀƭ ōŜƛƴƎ valid for 10 years 
and will be re-evaluated every five years. 

1. Strategic Collaboration: Indian partners 
include L&T, Tata Consulting Engineers, and 
Holtec Asia, with regulatory compliance to 
ensure no retransfer without US consent. 

2. Manufacturing within India: For the first 
time, US-designed reactors can be co-
developed and manufactured in Indiaτ
previously prohibited. 

3. Linked to Energy Security Dialogue: The move 
follows Modi-Trump discussions in Feb 2025 
focused on energy resilience and 
decarbonisation goals. 

4. Scope for Expansion: The government is exploring amendments to the Atomic Energy Act, 1962 to 
allow more private sector participation in civil nuclear power. E.g. The Kovvada project in Andhra 
Pradesh is planned with six 1208 MWe reactors under Indo-US collaboration. 

 
Significance of Nuclear Energy in India 
¶ Clean Baseload Power: Nuclear energy offers low-carbon, reliable power unaffected by weather like 

solar or wind. 
¶ Reduces Fossil Fuel Dependency: Helps India reduce its ~70% fossil fuel dependence, supporting 

energy sovereignty. 
¶ Supports Net-Zero Targets: Critical for achieving 500 GW of non-fossil fuel energy by 2030 and Net-

Zero by 2070. 
¶ Promotes Industrial Decarbonisation: BSRs and SMRs can be installed near industries for clean captive 

power. 
¶ Geostrategic Edge: 9ƴƘŀƴŎŜǎ LƴŘƛŀΩǎ Ǝƭƻōŀƭ ǎǘŀƴŘƛƴƎ ƛƴ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŜŎƘ ŀƴŘ ŀŘŘǊŜǎǎŜǎ energy 

security. 
 
LƴŘƛŀΩǎ !ŎƘƛŜǾŜƳŜƴǘǎ ƛƴ bǳŎƭŜŀǊ 9ƴŜǊƎȅΥ 
¶ Installed Capacity Growth: Nuclear capacity rose from 4,780 MW in 2014 to 8,180 MW in 2025, across 

24 reactors. 
¶ Indigenous Reactor Development: Kakrapar Units 3 & 4 (700 MWe PHWRs) are fully Indian-designed 

and operational. 
¶ Fast Breeder Breakthrough: The Prototype Fast Breeder Reactor (PFBR) achieved key commissioning 

milestones in 2024. 
¶ Joint Venture Models: NPCIL and NTPC launched the ASHVINI JV to co-develop nuclear plants within 

the legal framework. 
¶ New Uranium Discovery: The Jaduguda mine ŘƛǎŎƻǾŜǊȅ ŀŘŘǎ рлҌ ȅŜŀǊǎ ƻŦ ƭƛŦŜ ǘƻ LƴŘƛŀΩǎ ǳǊŀƴƛǳƳ 

supply.               E.g. RAPP-7 in Rajasthan reached criticality in 2024, showcasing indigenous reactor 
capability. 

 
Challenges Associated with Nuclear Energy in India: 
¶ Legislative Constraints: The Atomic Energy Act, 1962 restricts private investment and innovation in 

reactor development. 
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¶ High Capital Costs: Nuclear projects require long gestation periods and high upfront costs compared to 
renewables. 

¶ Public Perception and Safety Concerns: Despite a good safety record, public resistance remains high 
post-Fukushima. 

¶ Limited Fuel Security: India imports uranium and is yet to fully utilise its thorium potential. 
¶ Regulatory Delays: Multi-layered clearances from AERB, MoEF, and local bodies delay project 

timelines.              E.g. The delay in initiating work at Kovvada due to regulatory complexities reflects 
procedural bottlenecks. 

 
Way Ahead: 
¶ Amend Atomic Energy Laws: Reforms to enable private sector and ease entry barriers for tech 

partnerships are essential. 
¶ Accelerate SMR and BSR Deployment: Fast-track indigenous development of at least five SMRs by 

2033 ǿƛǘƘ нлΣллл ŎǊƻǊŜ ŀƭƭƻŎŀǘƛƻƴΦ 
¶ Build Domestic Supply Chains: Promote Make-in-India initiatives for nuclear component 

manufacturing and fuel supply. 
¶ Focus on Thorium Cycle R&D: {ǘǊŜƴƎǘƘŜƴ LƴŘƛŀΩǎ ƭƻƴƎ-term energy security by unlocking Stage-3 of 
IƻƳƛ .ƘŀōƘŀΩǎ Ǉƭŀƴ. 

¶ Improve Public Awareness and Transparency: Boost confidence in nuclear safety protocols through 
education and community engagement.                                                                                                                                   
E.g. The BARC-developed SMRs will repurpose retired coal plants, addressing land and infrastructure 
reuse. 

 
Conclusion: LƴŘƛŀΩǎ ƴǳŎƭŜŀǊ ŜƴŜǊƎȅ ǇǳǎƘ ƳŀǊƪǎ ŀ ōƻƭŘ ǎǘŜǇ ǘƻǿŀǊŘ ŎƭŜŀƴΣ ǎŜŎǳǊŜΣ ŀƴŘ ǎŎŀƭŀōƭŜ ŜƴŜǊƎȅ 
infrastructure. With global collaborations, indigenous innovation, and legal reforms, the sector is poised to 
ōŜŎƻƳŜ ŀ ŎƻǊƴŜǊǎǘƻƴŜ ƻŦ LƴŘƛŀΩǎ ŜƴŜǊƎȅ ƛƴŘŜǇŜƴŘŜƴŎŜΦ {ǘǊŀǘegic execution will determine how swiftly India 
realises its 100 GW nuclear target by 2047. 
PYQ: With growing energy needs should India keep on expanding its nuclear energy programme? Discuss the 
facts and fears associated with nuclear energy. (UPSC-2018) 
 

11. LƴŘƛŀΣ ǊƛǎƛƴƎ ǇƻǿŜǊ ŘŜƳŀƴŘ ŀƴŘ ǘƘŜ ΨƘȅŘǊƻƎŜƴ ŦŀŎǘƻǊΩ 
Context: LƴŘƛŀΩǎ ŜƴŜǊƎȅ ŜȄǇŜǊǘǎ ƘŀǾŜ ǎǘǊŜǎǎŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƛƴǘŜƎǊŀǘƛƴƎ ƘȅŘǊƻƎŜƴ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ƴǳŎƭŜŀǊ 
power to meet rising energy demand. 
 
LƴŘƛŀΩǎ 9ƴŜǊƎȅ DƻŀƭǎΥ 
¶ Net Zero Target by 2070: India aims to achieve net-zero emissions by 2070, requiring massive shifts in 

energy systems. 
¶ 500 GW from Non-Fossil Sources by 2030: India plans to install 500 GW of non-fossil capacity (solar, 

wind, nuclear, hydro). 
¶ Nuclear Energy Expansion: Government aims for 100 GW of nuclear power capacity by 2047 to meet 

base-load requirements. 
¶ Green Hydrogen Mission: Focus on 

using renewable electricity for 
green hydrogen to decarbonise 
industries. 

¶ Electrification of End-Use Sectors: 
Transition to electric vehicles, heat 
pumps, and electric furnaces to cut 
fossil fuel dependency. 

 
Reasons for Rising Energy Demand in India: 
¶ Economic Growth Aspirations: 

India targets to become a 
developed economy, increasing 
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energy use across sectors. E.g. Per capita electricity use expected to triple by 2040. 
¶ Population Growth and Urbanisation: Expanding cities and middle-class lifestyle adoption are 

intensifying energy needs. E.g. Urban energy use per capita is double that of rural India. 
¶ Industrial Decarbonisation: Transitioning steel, cement, and fertilizer sectors to clean inputs raises 

electricity demand. E.g. Hydrogen replacing coal in iron ore reduction. 
¶ Digital and Automation Push: Data centres, smart infrastructure, and AI systems require constant 

power supply. E.g. L¢ ŀƴŘ ŘƛƎƛǘŀƭ ŜŎƻƴƻƳȅΩǎ ǎƘŀǊŜ ƛƴ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ƎǊƻǿƛƴƎ ǊŀǇƛŘƭȅΦ 
¶ Climate Adaptation Needs: More cooling, irrigation, and disaster mitigation require reliable electricity.                 

E.g. Power needed for flood pumps, drought irrigation, and cooling appliances. 
 
Existing Solutions to Rising Demand: 
¶ Renewable Energy Expansion: Solar, wind, and hydro projects have grown significantly in capacity. 
¶ Base-Load Nuclear Power: Nuclear offers reliable, low-carbon electricity to complement intermittent 

sources. 
¶ Battery Storage Systems: Used to store solar/wind energy for non-generating hours. 
¶ Electrolyser-Based Hydrogen Production: Uses surplus electricity to produce green hydrogen for 

industries. 
¶ Flexing Coal Plants Temporarily: Coal-fired plants are adjusted to balance renewable inputs during 

peak solar hours. 
 
Challenges Faced by Existing Solutions: 
¶ Intermittency of Renewables: {ƻƭŀǊ ŀƴŘ ǿƛƴŘ ŎŀƴΩǘ ǇǊƻǾƛŘŜ ǊƻǳƴŘ-the-clock supply                                                      

E.g. Solar only works during daytime; wind is seasonal. 
¶ Flexing Nuclear Is Cost-Inefficient: Nuclear has high capital cost and low marginal cost, making flexing 

uneconomical. E.g. Variable costs remain same even at lower output. 
¶ Battery Storage Still Expensive: Large-scale battery deployment faces cost and material challenges.                       

E.g. Lithium and rare-earth supply risks. 
¶ Separate Treatment of Hydrogen & Storage: Hydrogen and electricity storage are treated as different 

systems, reducing synergy. E.g. Parallel setups increase overall infrastructure cost. 
¶ Lack of Clear Hydrogen Taxonomy: Green hydrogen is currently defined only through renewables, 

excluding nuclear. E.g. Nuclear-based hydrogen is low-ŎŀǊōƻƴ ōǳǘ ƴƻǘ ƻŦŦƛŎƛŀƭƭȅ άƎǊŜŜƴΦέ 
 
Way Ahead: Hydrogen as Solution 
¶ Redefine Green Hydrogen as Low-Carbon: Adopt carbon threshold-based taxonomy to include 

nuclear-based hydrogen. E.g. ғн ƪƎ /hіκƪƎ Iі ŎǊƛǘŜǊƛƻƴ ŀƭƛƎƴǎ ƴǳŎƭŜŀǊ ǿƛǘƘ ƎǊŜŜƴ ƭŀōŜƭΦ 
¶ Synergise Hydrogen with Storage Systems: Combine electrolyser-based hydrogen and battery storage 

for economic efficiency. E.g. Reduces need for curtailment and standalone batteries. 
¶ Accelerate Nuclear Deployment: Invest in faster roll-out of PHWRs and BSRs using indigenous tech.                             

E.g. bt/L[Ωǎ нс-unit plan under execution. 
¶ Incentivise Industrial Hydrogen Use: Encourage fertiliser, steel, and transport sectors to switch to 

green/low-carbon hydrogen. E.g. Use surplus grid power to feed hydrogen electrolyzers during off-
peak. 

¶ Strengthen Grid Flexibility Tools: Deploy AI-based demand response and grid balancing systems.                              
E.g. Smart metering and load shaping via digital platforms. 

 
Conclusion: LƴŘƛŀΩǎ ǇŀǘƘ ǘƻ ŎƭŜŀƴ ŜƴŜǊƎȅ ƭŜŀŘŜǊǎƘƛǇ ƭƛŜǎ ƛƴ ƛƴǘŜƎǊŀǘƛƴƎ low-carbon nuclear, renewables, and 
hydrogen solutions efficiently. Synergising electricity storage and hydrogen can balance intermittent power 
and ensure round-the-clock clean energy. With the right policy push and strategic reforms, India can lead the 
global energy transition sustainably. 
 PYQ: With growing energy needs should India keep on expanding its nuclear energy programme? Discuss the 
facts and fears associated with nuclear energy (UPSC-2018) 
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12. Green Hydrogen Certification Scheme of India (GHCI) 
Context: India signed agreements to supply 4.12 lakh tonnes of green hydrogen derivatives to Japan and 
Singapore. Simultaneously, it launched the Green Hydrogen Certification Scheme of India (GHCI) to ensure 
credible and transparent green hydrogen production. 
 
About Green Hydrogen Certification Scheme of India (GHCI): 
What is GHCI? DI/L ƛǎ LƴŘƛŀΩǎ ŦƛǊǎǘ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŦǊŀƳŜǿƻǊƪ ǘƻ ǾŜǊƛŦȅ ǘƘŀǘ ƘȅŘǊƻƎŜƴ ƛǎ ǇǊƻŘǳŎŜŘ exclusively using 
renewable energyΣ ŜƴǎǳǊƛƴƎ ƛǘǎ ǊŜŎƻƎƴƛǘƛƻƴ ŀǎ άƎǊŜŜƴέΦ 
Launched by: Ministry of New and Renewable Energy (MNRE) 
Nodal Agency: Bureau of Energy Efficiency (BEE) 
Supported by: National Green Hydrogen Mission 
Certification Body: Accredited Carbon Verification (ACV) Agencies 
Operational Year: Evaluation cycle set for each financial year 
 
Objectives: 
¶ Certify truly green hydrogen based on emissions intensity. 
¶ Promote traceability, transparency, and market credibility. 
¶ !ƭƛƎƴ ǿƛǘƘ LƴŘƛŀΩǎ ŎƻƳƳƛǘƳŜƴǘ ƻŦ 5 MMT green hydrogen production by 2030. 
¶ LƴǘŜƎǊŀǘŜ ǿƛǘƘ LƴŘƛŀΩǎ Carbon Credit Trading Scheme (2026). 

 
Key Features: 
¶ Scope: Project-level certification up to hydrogen purification (excludes transport & storage). 
¶ Eligibility: Electrolysis & 

biomass conversion but new 
pathways can be added upon 
BEE approval. 

¶ Monitoring: Mandates annual 
third-party verification and 
data logged via Green 
Hydrogen Portal. 

¶ GHG Metric: Measured in kg 
/hі ŜǉǳƛǾŀƭŜƴǘ ǇŜǊ ƪƎ Iі. 

¶ Guarantee of Origin (GO): 
Ensures legitimacy of green 
hydrogen claims. 

¶ Compliance: Mandatory for all 
domestic producers; exempt 
for export-only units. 

Significance: 
¶ Boosts LƴŘƛŀΩǎ Ǝƭƻōŀƭ ƘȅŘǊƻƎŜƴ 

exports with credibility. 
¶ Attracts investments by 

defining clear market 
standards. 

¶ Strengthens LƴŘƛŀΩǎ ƭŜŀŘŜǊǎƘƛǇ 
in green energy and reduces 
dependency on fossil fuels. 

¶ Facilitates carbon trading through verifiable clean hydrogen production. 
 

Syllabus: Science and Technology: IT, Space, Computers, robotics, nano-technology, bio-technology 
and issues relating to intellectual property rights 
13. Moonlight Solar Panel Technology 
Context: Stanford University researchers have developed an innovative moonlight solar panel technology that 
allows electricity generation even at night, during rain, and under overcast skies. 
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About Moonlight Solar Panels Technology: 
What it is? A new technology that enables solar panels to 
generate electricity during nighttime and under low-light 
conditions. 
 
How It Works? 
¶ Utilizes radiative cooling, a natural process where 
ƘŜŀǘ ǊŀŘƛŀǘŜǎ ŦǊƻƳ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛƴǘƻ ǎǇŀŎŜΣ 
especially on clear nights. 

¶ Thermoelectric generators are attached to modified 
solar panels to capture the heat dissipating from the 
panels and convert it into electricity. 

¶ This method taps the temperature difference between the panel and the surrounding air to produce 
energy. 

 
Key Features: 
¶ Generates about 50 milliwatts per square meter at night (compared to 200 watts per square meter 

during the day by traditional panels). 
¶ Can power small devices like LEDs, environmental sensors, and IoT gadgets. 
¶ Retrofit-friendly: Can be integrated into existing solar panel installations without the need for 

complete replacement. 
Significance: 
¶ Bridges nighttime energy gaps, reducing reliance on batteries for storage. 
¶ Eco-friendly alternative to battery usage, minimizing pollution from battery production and disposal. 
¶ Enhances renewable energy reliability, especially in off-grid or low-sunlight 
¶ Opens avenues for low-cost, sustainable energy solutions in remote and disaster-prone areas. 
¶ Represents a significant step towards continuous, clean energy generation and addresses one of solar 
ǘŜŎƘƴƻƭƻƎȅΩǎ ōƛƎƎŜǎǘ ƭƛƳƛǘŀǘƛƻƴǎΦ 

 
 

14. Space Tourism 
Context: Pop star Katy Perry and an all-female crew flew to space via Blue Origin, reigniting debates on space 
ǘƻǳǊƛǎƳΩǎ Ŏƻǎǘǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘΦ 
What is Space Tourism? 
Space tourism involves recreational, leisure, or business 
travel ōŜȅƻƴŘ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΣ ƻŦŦŜǊŜŘ ōȅ ǇǊƛǾŀǘŜ 
companies like Blue Origin, Virgin Galactic, and SpaceX. 
Unlike government-led space missions, it caters to 
civilians, albeit at exorbitant costs. 
 
Types of Space Tourism 
¶ Sub-Orbital Tourism ς Brief flights crossing 

the Kármán line (100 km altitude), offering 
minutes of weightlessness. E.g. .ƭǳŜ hǊƛƎƛƴΩǎ bŜǿ {ƘŜǇŀǊŘ όYŀǘȅ tŜǊǊȅΩǎ ŦƭƛƎƘǘ ƭŀǎǘŜŘ 11 minutes). 

¶ Orbital Tourism ς Extended stays in space, often docking with the ISS or private space stations. 
E.g. {ǇŀŎŜ·Ωǎ /ǊŜǿ 5ǊŀƎƻƴ missions for multi-day orbital trips. 

¶ Lunar Tourism ς Proposed future missions circling or landing on the Moon. E.g. {ǇŀŎŜ·Ωǎ 5ŜŀǊaƻƻƴ 
project (planned for 2025). 

 
Concerns Surrounding Space Tourism 
¶ Exorbitant Costs ς Tickets range from $450,000 (Virgin Galactic) to millions (SpaceX), making it 

a ōƛƭƭƛƻƴŀƛǊŜΩǎ Ƙƻōōȅ. E.g. Only 1,000+ people have booked space flights despite global wealth 
inequality. 
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¶ Environmental Damage ς Rocket emissions deplete ozone and contribute to climate change.                     
E.g. A single Blue Origin launch emits оллҌ ǘƻƴǎ ƻŦ /hі (equal to 75 cars/year). 

¶ Lack of Scientific Value ς Most missions offer no breakthroughs compared to NASA/ISRO research.                   
E.g. ISS experiments yield far more data than tourist flights. 

¶ Safety Risks ς Private companies face higher accident risks than government agencies.                                    
E.g. 2022 Virgin Galactic crash delayed tourism launches for years. 

¶ Ethical Questions ς Resources spent on tourism could fund climate action or poverty alleviation.                    
E.g. $1.3 billion industry could instead finance renewable energy projects. 

 
Way Ahead: 
¶ Regulate Emissionsς Enforce carbon-neutral rocket fuels and ozone-friendly propulsion.                               

E.g. 9{!Ωǎ tǊƻƳŜǘƘŜǳǎ ŜƴƎƛƴŜ reduces emissions by 90%. 
¶ Democratize Access ς Subsidize research missions or lottery-based affordable seats.                                   

E.g. b!{!Ωǎ ŎƛǾƛƭƛŀƴ ŀǎǘǊƻƴŀǳǘ ǇǊƻƎǊŀƳ selects non-billionaires. 
¶ Boost Scientific Payloads ς Mandate experiments on tourist flights for NASA/ISRO collaboration.                       

E.g. Axiom Space partners with researchers for ISS missions. 
¶ Tax Luxury Flights ς Redirect revenue to climate funds or space sustainability initiatives.                                  

E.g. 9¦ǎ ǇǊƻǇƻǎŜŘ ά{ǇŀŎŜ ¢ŀȄέ on private launches. 
¶ Promote Earth-First Policies ς Prioritize satellite-based climate monitoring over joyrides.                                   

E.g. L{whΩǎ 9h{-6 monitors oceans, aiding climate studies. 
 
Conclusion: Space tourism symbolizes human ambition but risks exacerbating inequality and ecological harm. A 
regulated, science-driven approach can balance innovation with planetary responsibility. The future of space 
must be inclusive, sustainable, and purposeful. 
PYQ: ²Ƙŀǘ ƛǎ ǘƘŜ Ƴŀƛƴ ǘŀǎƪ ƻŦ LƴŘƛŀΩǎ ǘƘƛǊŘ Ƴƻƻƴ Ƴƛǎǎƛƻƴ ǿƘƛŎƘ ŎƻǳƭŘ ƴƻǘ ōŜ ŀŎƘƛŜǾŜŘ ƛƴ ƛǘǎ ŜŀǊƭƛŜǊ ƳƛǎǎƛƻƴΚ [ƛǎǘ 
the countries that have achieved this task. Introduce the subsystems in the spacecraft launched and explain the 
ǊƻƭŜ ƻŦ ǘƘŜ ά±ƛǊǘǳŀƭ [ŀǳƴŎƘ /ƻƴǘǊƻƭ /ŜƴǘǊŜΩ ŀǘ ǘƘŜ ±ƛƪǊŀƳ {ŀǊŀōƘŀƛ {ǇŀŎŜ /ŜƴǘǊŜ ǿƘƛŎƘ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ 
successful launch from Sriharikota. (UPSC-2023) 
 
 

15. Underwater Cables 
 Context: !ƛǊǘŜƭΩǎ н!ŦǊƛŎŀ tŜŀǊƭǎ ǎǳōǎŜŀ ŎŀōƭŜ Ƙŀǎ ƭŀƴŘŜŘ ƛƴ LƴŘƛŀΣ ōƻƻǎǘƛƴƎ ƛƴǘŜǊƴŜǘ ŎŀǇŀŎƛǘȅ ōȅ млл ¢ōǇǎΣ 
highlighting the growing need for robust undersea cable infrastructure. 
 
What Are Underwater Cables? 
¶ Definition: Undersea or submarine cables are 

fibre-optic cables laid on the ocean floor that 
enable global internet and telecommunication 
connectivity. 

¶ Coverage: As of early 2025, there are over 600 
active and planned cables globally, spanning 1.48 
million kilometres. 

 
How Do They Work? 
¶ Fiber-Optic Technology: Cables carry data using light signals transmitted through hair-thin glass fibres, 

encoded by lasers at high speeds. 
¶ Signal Reception: Receptors on the other end decode the light signals into usable internet data. 
¶ Seabed Placement: Cables are either buried near shores or laid directly on the ocean floor in deeper 

regions. 
¶ Routing Strategy: Careful mapping avoids fault lines, anchor zones, and fishing areas to minimize 

damage risk. 
¶ Transmission Capacity: Each cable can carry hundreds of terabits per second, enabling seamless global 

data flow. 
 
Key Features of Submarine Cables: 
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¶ Thickness: Comparable to a garden hose; core fibres are as thin as a human hair. 
¶ Protection Layers: Composed of plastic, steel wiring, and insulation; extra armouring is used near 

coastlines. 
Examples: 
¶ Shortest: CeltixConnect (131 km between Ireland and the UK). 
¶ Longest: Asia-America Gateway (20,000 km). 
¶ Landing Points: Connect to onshore landing stations, which then distribute the data via terrestrial 

networks. 
¶ Global Coverage: Nearly all coastal nations are connected, with redundancy through multiple cables to 

avoid data blackouts. 
 
Significance of Underwater Cable Connectivity: 
¶ Backbone of Internet: Enables global data transfer including emails, streaming, financial transactions, 

and more. 
¶ Economic Enabler: Supports $10 trillion in global financial flows and 80% of trade via internet 

infrastructure. 
¶ Digital Sovereignty: Reduces reliance on satellite-based or foreign-controlled connectivity options. 
¶ National Security: Secure data transfer critical for defense and governance (e.g., encrypted diplomatic 

comms). 
¶ Growth Driver: Fuels digital economy and innovation (e.g., cloud services, OTT platforms, remote 

work). 
 
Challenges Associated with Subsea Cables in India 
¶ Vulnerability to Disruptions: /ǳǘǎ ƛƴ wŜŘ {Ŝŀ ŎŀōƭŜǎ ŀŦŦŜŎǘŜŘ нр҈ ƻŦ LƴŘƛŀΩǎ ƛƴǘŜǊƴŜǘ ƛƴ нлноΦ 
¶ Limited Landing Points: 95% of subsea cables land in a 6 km zone in Mumbai, creating a chokepoint. 
¶ Complex Regulations: Over 51 permissions needed to land cables, delaying deployment. 
¶ Lack of Repair Infrastructure: India lacks domestic repair vessels, relying on foreign ships with 

clearance delays. 
¶ Man-made Damages: Fishing trawlers and dredging often damage cable lines (e.g., Versova coast, 

Mumbai). 
 
Way Ahead 
¶ Regulatory Reforms: Streamline multi-agency permissions through single-window clearances. 
¶ Geographical Diversification: Develop new landing points (e.g., Vishakhapatnam, Kochi) to reduce 

chokepoint risk. 
¶ Build Repair Capacity: Invest in Indian subsea cable repair ships and depots to reduce response time. 
¶ Public-Private Partnerships: Encourage investments from telecom and digital giants for infrastructure 

sharing. 
¶ Strategic Planning: LƴǘŜƎǊŀǘŜ ŎŀōƭŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴǘƻ LƴŘƛŀΩǎ 5ƛƎƛǘŀƭ tǳōƭƛŎ LƴŦǊŀǎǘǊǳŎǘǳǊŜ ǊƻŀŘƳŀǇ ŦƻǊ 

resilience 
 
Conclusion: ¦ƴŘŜǊǎŜŀ ŎŀōƭŜǎ ŀǊŜ Ǿƛǘŀƭ ǘƻ LƴŘƛŀΩǎ ŘƛƎƛǘŀƭ ŜŎƻƴƻƳȅΣ ȅŜǘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŎǳǊǊŜƴǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ 
highly centralized and underprepared for disruptions. Streamlined regulation and strategic expansion are 
essential to ensure digital resilience and global competitiveness. A robust undersea ecosystem will power 
LƴŘƛŀΩǎ Ǿƛǎƛƻƴ ƻŦ 5ƛƎƛǘŀƭ .ƘŀǊŀǘΦ 
PYQ: What is the basic principle behind vaccine development? How do vaccines work? What approaches were 
adopted by the Indian vaccine manufacturers to produce COVID-19 vaccines? 
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16. Indian Genetic Mapping 
Context: The GenomeIndia Project published preliminary findings in Nature Genetics (April 2025), mapping the 
genomes of 9,772 Indians across 83 endogamous population groups. 
 
What is Indian Genetic Mapping? 
¶ Definition: Genetic mapping is the process of analyzing DNA 

sequences to locate genes and variations (mutations) across 
a population. 

¶ Purpose: It helps understand genetic diversity, disease 
susceptibility, and enables precision medicine. 

 
How is Genetic Mapping Done? 
¶ Sample Collection: Blood is collected to extract DNA and phenotype data (e.g. weight, height, BP). 
¶ Sequencing: Whole genome sequencing decodes the complete DNA, including coding and non-coding 

regions. 
¶ Analysis: Advanced bioinformatics tools identify genetic variants and mutations.                                                                     

E.g. Genome sequencing carried out by institutes like IISc, CCMB, IGIB, NIBMG, GBRC. 
 
How were Samples Collected? 
¶ Coverage: 83 population groups from 100+ locations; includes 30 tribal and 53 non-tribal groups. 
¶ Demographics: 4,696 males and 5,076 females participated. 
¶ Linguistic Diversity: Covered four major familiesτIndo-European, Dravidian, Tibeto-Burman, Austro-

Asiatic. 
¶ Sample Integrity: Parent-child pairs included to track de novo mutations (random new mutations). 

 
Preliminary Findings: 
¶ Mutation Volume: 180 million mutations identified, of which 130 million are autosomal and 50 million 

sex-linked. 
¶ Non-Coding DNA: 98% of genome lies in non-coding regionsτcritical for gene regulation and 

evolution. 
¶ Unique Genetic Pool: Each group revealed specific mutation patterns due to endogamy. 
¶ Global Underrepresentation: LƴŘƛŀΩǎ ƎŜƴŜǘƛŎ ŘƛǾŜǊǎƛǘȅ ǿŀǎ ƭŀǊƎŜƭȅ ƳƛǎǎƛƴƎ ƛƴ ŜŀǊƭƛŜǊ Ǝƭƻōŀƭ ƎŜƴƻƳŜ 

projects. 
 
Significance of Mutations in Endogamous Groups: 
¶ Disease Hotspots: Endogamy leads to repeated transmission of certain genetic diseases in specific 

communities. E.g. Population-specific disorders can now be mapped and monitored. 
¶ Preserved Diversity: Genetic signatures provide clues to ancient migrations and ancestry.                                          

E.g. India has ~4,000 endogamous groups with minimal gene flow between them. 
¶ Targeted Health Interventions: Enables cluster-based medical screening for high-risk mutations. 
¶ Global Contribution: !ŘŘǎ ǘƻ Ǝƭƻōŀƭ ƎŜƴƻƳƛŎ Řŀǘŀ ōȅ ǊŜǇǊŜǎŜƴǘƛƴƎ LƴŘƛŀΩǎ ŜǘƘƴƻƭƛƴƎǳƛǎǘƛŎ ǎǇŜŎǘǊǳƳΦ 

 
Medical Implications: 
¶ Precision Healthcare: Enables customized treatments based on individual and community-level 

genetics.       E.g. Tailored cancer or cardiovascular risk assessment. 
¶ Early Detection Tools: Population-specific mutations help design predictive diagnostics.                                                 

E.g. New low-cost screening panels for sickle cell anemia in tribal groups. 
¶ Better Drug Response: Pharmacogenomics will improve efficacy of drugs in Indian populations. 
¶ Genomics for Public Health: Helps formulate national policy on genetic disorders and rare diseases. 

 
Conclusion: LƴŘƛŀΩǎ ƎŜƴŜǘƛŎ ƳŀǇǇƛƴƎ ƛǎ ŀ ƭŀƴŘƳŀǊƪ ǎǘŜǇ ƛƴ ƛƴŎƭǳǎƛǾŜΣ Řŀǘŀ-driven healthcare. By decoding the 
ǊƛŎƘ ƎŜƴŜǘƛŎ ƳƻǎŀƛŎ ƻŦ LƴŘƛŀΩǎ ŘƛǾŜǊǎŜ ƎǊƻǳǇǎΣ ǘƘŜ DŜƴƻƳŜ LƴŘƛŀ ǇǊƻƧŜŎǘ ŜƳǇƻǿŜǊǎ ǇƻƭƛŎȅƳŀƪƛƴƎΣ ǇǊŜŎƛǎƛƻƴ 
ƳŜŘƛŎƛƴŜΣ ŀƴŘ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻŦ ƎŜƴŜǘƛŎ ƘŜǊƛǘŀƎŜΦ LǘΩǎ ǘƛƳŜ LƴŘƛŀ ƳƻǾŜǎ ŦǊƻƳ άƻƴŜ-size-fits-ŀƭƭέ ǘƻ άƻƴŜ-gene-at-a-
ǘƛƳŜέ ƘŜŀƭǘƘŎŀǊŜΦ 
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PYQ: What is the basic principle behind vaccine development? How do vaccines work? What approaches were 
adopted by the Indian vaccine manufacturers to produce COVID-19 vaccines? (UPSC-2022) 
 
 

Syllabus: Environment, Ecology & Conservation 
17. Europe is Warming Faster 
Context: The 2024 European State of the Climate Report revealed that Europe is warming about twice as fast 
as the global average, intensifying extreme weather events across the continent. 
 
What is Europe Warming? 
¶ 9ǳǊƻǇŜΩǎ average annual temperature has 

risen by 2.4°C above pre-industrial levels, 
compared to the global average of 1.3°C. 

¶ This accelerated warming has led to 
unprecedented heatwaves, floods, and shorter 
cold periods across the continent. 

 
Reasons Behind 9ǳǊƻǇŜΩǎ CŀǎǘŜǊ ²ŀǊƳƛƴƎ: 
¶ Arctic Proximity: A significant part of Europe 

lies close to the Arctic, which is warming 3ς4 
times faster than the global average due to ice melt and reduced albedo. 

¶ Reduction in Aerosols: Cleaner air in Europe due to reduced aerosol emissions decreases sunlight 
reflection, allowing more solar energy absorption and higher temperatures. 

¶ Changes in Atmospheric Circulation: Increased frequency of summer heatwaves due to shifts in 
atmospheric patterns. 

¶ Higher Sea Surface Temperatures: Warming oceans around Europe add to the atmospheric 
temperature rise. 

¶ Urban Heat Island Effect: Expanding urban areas trap more heat, worsening local temperature 
extremes. 

¶ Melting of Glaciers: Similar to Arctic ice loss, glacier melting enhances heat absorption. 
 
/ƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 9ǳǊƻǇŜΩǎ !ŎŎŜƭŜǊŀǘŜŘ ²ŀǊƳƛƴƎΥ 
¶ Severe Heatwaves: Longer and more intense, impacting human health, agriculture, and biodiversity. 
¶ Increased Flooding and Rainfall Variability: Higher temperatures lead to heavier precipitation events 

and flooding. 
¶ Economic Strain: Damage to infrastructure, agriculture, and tourism sectors. 
¶ Reduced Cold Days: Fewer freezing days, impacting ecosystems reliant on cold conditions. 
¶ Biodiversity Threats: Altered habitats and species migration patterns across Europe. 

 
Way Ahead: 
¶ Strengthen Climate Action: Accelerate EU Green Deal targets and promote carbon neutrality 

initiatives. 
¶ Adapt Urban Planning: Expand green spaces, cool roofs, and sustainable infrastructure to counter 

urban heat islands. 
¶ Enhance Early Warning Systems: Improve forecasting and disaster preparedness for heatwaves and 

floods. 
¶ Promote Renewable Energy: Reduce dependence on fossil fuels and invest in solar, wind, and 

hydropower. 
¶ Strengthen International Cooperation: Collaborate globally to limit warming below 1.5°C, as set under 

the Paris Agreement. 
 
Conclusion: 9ǳǊƻǇŜΩǎ ŀƭŀǊƳƛƴƎ ǊŀǘŜ ƻŦ ǿŀǊƳƛƴƎ ŘŜƳŀƴŘǎ urgent, bold, and collaborative action on both 
mitigation and adaptation fronts. A proactive, sustainable strategy ƛǎ ŎǊƛǘƛŎŀƭ ǘƻ ǎŀŦŜƎǳŀǊŘ ǘƘŜ ŎƻƴǘƛƴŜƴǘΩǎ 
ecosystems, economies, and communities. 
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PYQ: Ψ/ƭƛƳŀǘŜ ŎƘŀƴƎŜΩ ƛǎ ŀ Ǝƭƻōŀƭ ǇǊƻōƭŜƳΦ Iƻǿ LƴŘƛŀ ǿƛƭƭ ōŜ ŀŦŦŜŎǘŜŘ ōȅ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΚ Iƻǿ IƛƳŀƭŀȅŀƴ ŀƴŘ 
coastal states of India will be affected by climate change? (UPSC-2017) 
 
 

18. AI in Weather Forecasting 
Context: India is leveraging AI/ML under Mission Mausam ό нΣллл ŎǊƻǊŜ ƻǳǘƭŀȅύ ǘƻ ōƻƻǎǘ ǿŜŀǘƘŜǊ ǇǊŜŘƛŎǘƛƻƴ 
accuracy, especially for extreme events like heatwaves and cloudbursts. 
¶ IIT-Delhi and IIIT-Delhi teams have developed AI-

based monsoon models outperforming traditional 
systems. 

 
How AI Can Assist in Weather Forecasting 
¶ Data-Driven Predictions: AI learns complex patterns 

from past data to predict rainfall, cyclones, or 
heatwaves, unlike physics-based models which rely 
on fixed equations.  E.g. LL¢ 5ŜƭƘƛΩǎ a[ ƳƻŘŜƭ ŦƻǊ 
monsoon showed 61.9% accuracy (2002ς2022) surpassing traditional models. 

¶ Faster, Scalable Forecasts: AI models can produce short-term forecasts quickly and at lower 
computational cost, ideal for nowcasting and real-time alerts. 

¶ Better Prediction of Extremes: AI helps capture nonlinear interactions among variablesτuseful in 
predicting rare and sudden weather events like flash floods or tornadoes. 

¶ Hybrid Modelling: Combines strengths of physics-based models and AI tools to improve reliability and 
interpretability of forecasts. 

 
Challenges in AI-based Weather Forecasting 
¶ Data Scarcity and Quality Issues: High-resolution, clean, and long-term weather datasets are essential. 

Historical data may be sparse or inconsistent. E.g. Many Indian weather datasets face gaps due to poor 
sensor coverage in remote regions. 

¶ Lack of Interdisciplinary Talent: Climate scientists may lack AI/ML expertise, while ML engineers often 
lack meteorological grounding, limiting deep collaborations. 

¶ Black Box Nature: AI models lack transparency, making it hard to explain their outputs to policymakers 
or meteorologists. 

¶ Infrastructural Constraints: Most forecasters rely on model outputs from external agencies due to lack 
of local computational or technical capability. 

¶ Trust and Verification Issues: Model predictions need rigorous validation; without this, false alarms or 
missed warnings can reduce public trust. 

 
Way Ahead: 
¶ Establish Hybrid Weather Institutes: Create dedicated centres integrating meteorology and AI under 

one roof for seamless collaboration. E.g. Ministry-supported AI-Climate Centre at IITM Pune already 
operational. 

¶ Enhance Data Systems: Standardise and integrate real-time, historical data from Doppler radars, 
satellites, and ground sensors. 

¶ Capacity Building: Train a new cadre of meteorologists fluent in AI/ML and engineers trained in earth 
system science. 

¶ Model Customisation: 5ŜǾŜƭƻǇ !L ƳƻŘŜƭǎ ǘŀƛƭƻǊŜŘ ǘƻ LƴŘƛŀΩǎ ŘƛǾŜǊǎŜ ŎƭƛƳŀǘƛŎ ȊƻƴŜǎ ŀƴŘ ǘŜǊǊŀƛƴ ŦƻǊ 
hyperlocal forecasts. 

¶ Public-Private Collaboration: Engage startups, academia, and government institutions to co-develop 
and deploy verified AI models. 

 
Conclusion: !L Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ǊŜǾƻƭǳǘƛƻƴƛǎŜ LƴŘƛŀΩǎ ǿŜŀǘƘŜǊ ŦƻǊŜŎŀǎǘƛƴƎΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ƳŀƴŀƎƛƴƎ ŜȄǘǊŜƳŜ 
events. However, it requires a blend of robust data, skilled manpower, and institutional innovation. With 
strategic collaboration, AI can become central to IƴŘƛŀΩǎ ŎƭƛƳŀǘŜ ǊŜǎƛƭƛŜƴŎŜ ǇƭŀƴƴƛƴƎΦ 
PYQ: What do you understand by the phenomenon of temperature inversion in meteorology? How does it 
affect weather and the inhabitants of the place? (UPSC-2013) 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2025/04/23/ai-in-weather-forecasting/
https://www.insightsonindia.com/tag/mission-mausam/
https://www.insightsonindia.com/2024/10/24/localized-weather-forecasting/
https://www.insightsonindia.com/2024/06/18/upsc-sansad-tv-air-artificial-intelligence-and-its-significance/
https://www.insightsonindia.com/2024/06/03/automatic-weather-station-aws/
https://www.insightsonindia.com/wp-content/uploads/2025/04/AI-in-Wether.jpg


 

www.insightsonindia.com       22  InsightsIAS 

 

19. High Seas Treaty (BBNJ Treaty) 
Context: Delegates have gathered in New York for the first Preparatory Commission session of the BBNJ Treaty, 
aiming to finalize implementation rules. India is a signatory but has yet to ratify the agreement. 
 
About the BBNJ Treaty (High Seas Treaty): 
What It Is: The Biodiversity Beyond National Jurisdiction (BBNJ) Treaty is the third implementing agreement 
under the UN Convention on the Law of the Sea (UNCLOS). 
Objective: 
¶ Protect marine biodiversity in the high 

seas. 
¶ Ensure fair benefit-sharing from 

marine genetic resources. 
¶ Mandate Environmental Impact 

Assessments (EIAs) for high-seas 
activities. 

¶ Coverage: Applies to areas beyond 200 
nautical miles from national EEZs, 
which make up 64% of global oceans. 

¶ LƴŘƛŀΩǎ {ǘŀǘǳǎΥ India has signed the 
treaty but has not yet ratified it. 

 
Why the BBNJ Treaty Is Needed? 
¶ Marine Protection Gap: Only 1.44% of high seas are currently protected despite covering two-thirds of 

ocean space. 
¶ Unregulated Activities: Deep-sea mining, overfishing, and pollution operate with minimal 

international oversight. 
¶ Marine Genetic Resources (MGR): Rising commercial use of MGRs in pharmaceuticals and 

biotechnology necessitates a regulatory framework. 
¶ Equity in Ocean Use: Aims to prevent dominance by developed nations and ensure Global South 

access to ocean wealth. 
 
Challenges to the BBNJ Treaty: 
¶ Low Ratification: As of April 2025, only 21 countries have ratified the treaty out of the required 60 for 

enforcement. 
¶ Geopolitical Tensions: Disputes in the South China Sea and Bay of Bengal delay consensus on Marine 

Protected Areas (MPAs). 
¶ Weak Enforcement: Lack of enforcement mechanisms and opt-out options risk weakening compliance. 
¶ Overlap with Other Conventions: Potential conflict with the Convention on Biological Diversity (CBD) 

over MGRs. 
¶ Financial Burden on Developing Nations: Capacity-building and tech transfer provisions lack binding 

support commitments. 
¶ Implementation Gaps: Treaty does not cover oil and gas exploration or pollution in EEZs, undermining 

ecological coherence. 
 
Way Ahead: 
¶ Fast-Track Ratification: Urgent diplomatic push needed to achieve 60 ratifications, especially by UNOC-

3 in France. 
¶ Inclusive Decision-Making: Scientific and technical bodies must have balanced regional representation 

and expertise. 
¶ Funding Mechanism: Ensure operationalization of the special fund with tailored contributions from 

developed countries. 
¶ Integrated Ocean Governance: Bridge governance between high seas and EEZs to address 

interconnected marine threats. 
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¶ Monitoring & Transparency: Develop digital tools and global dashboards for tracking MPAs and EIA 
compliance. 

 
Conclusion: BBNJ Treaty is a transformative tool for global ocean conservation. But without strong political 
will, institutional design, and equity-focused implementation, its goals will remain aspirational. The oceans, 
already under stress, can no longer wait for half-measures. 
PYQ: The Intergovernmental Panel on Climate Change (IPCC) has predicted a global sea level rise of about one 
meter by AD 2100. What would be its impact in India and the other countries in the Indian Ocean region? 
(UPSC-2023) 
 

20. LƴŘƛŀΩǎ ¢ǊŀŘŜ ¢ǊƛǳƳǇƘ ŀƴŘ Lǘǎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ¢ƻƭƭ 
Context: LƴŘƛŀΩǎ ǘǊŀŘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ǊŜŀŎƘ с҈ ƻŦ Ǝƭƻōŀƭ ǘǊŀŘŜ ƎǊƻǿǘƘ ōȅ нлнр ό5I[ ¢ǊŀŘŜ !ǘƭŀǎ 
report), but rising exports of pollution-intensive products have triggered serious concerns over environmental 
sustainability. 
 
!ōƻǳǘ LƴŘƛŀΩǎ Trade Triumph and Its Environmental Toll: 
Success of Indian Trade: 
¶ Expanding Global Footprint: LƴŘƛŀΩǎ merchandise exports reached USD 231.48 billion from pollution-

intensive sectors alone by 2023, growing faster than overall exports (12.5% vs. 11%). 
¶ Sectoral Dominance: 

o Petroleum and coal products accounted for 38% of pollution-intensive exports. 
o Alongside chemicals, pharmaceuticals, and automobiles, these sectors formed 84% ƻŦ LƴŘƛŀΩǎ 

pollution-linked exports. 
¶ FDI Attraction: 

o Between 2000 and 2024, pollution-intensive sectors attracted USD 149.26 billion FDI, 
contributing nearly 21% ƻŦ LƴŘƛŀΩǎ ǘƻǘŀƭ ƛƴŦƭƻǿǎΦ 

¶ Economic Gains: Industries like cement, steel, and pharma boosted GDP, employment, and foreign 
reservesΣ ǎǘǊŜƴƎǘƘŜƴƛƴƎ LƴŘƛŀΩǎ Ǝƭƻōŀƭ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΦ 

 
 
 
 
 
 
 
 
 
 
 

Environmental Toll of Trade Growth: 
¶ Rising Emissions: LƴŘƛŀΩǎ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ŜƴŜǊƎȅ ǎŜŎǘƻǊ ŜƳƛǎǎƛƻƴǎ ǊƻǎŜ ŦǊƻƳ сфф aǘ/hіŜ όмффмύ to 2606 
aǘ/hіŜ όнлнмύ τ a nearly five-fold 

¶ Hazardous Waste Generation: Sectors like pharmaceuticals and chemicals contribute to water, air, 
and soil contamination, threatening biodiversity. 

¶ Weak Regulatory Enforcement: Environmental laws like the Environmental Protection Act (1986) 
remain poorly enforced; industry exemptions dilute environmental safeguards. 

¶ Policy Incoherence: Disconnect between trade policies and environmental standards (e.g., dilution 
controversies of Draft EIA Notification 2020) undermines sustainability goals. 
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Way Ahead: Balancing Trade and Environment 
¶ Promote Cleaner Technologies: Incentivize industries to adopt low-carbon, energy-efficient production 

methods with targeted subsidies and green certification norms. 
¶ Strengthen Regulatory Frameworks: Enforce stringent compliance with environmental norms through 

third-party audits and transparent disclosure mechanisms. 
¶ Integrate Trade and Environmental Policies: Link export incentives with sustainability standards to 

ensure cleaner industrial growth. 
¶ Develop Green Industry Sectors: Diversify trade by investing in green technology, renewable energy, 

and sustainable manufacturing sectors. 
¶ International Collaboration: Partner with countries and institutions for technology transfer, capacity 

building, and climate finance to foster a green transition. 
 
Conclusion: LƴŘƛŀΩǎ ǘǊŀŘŜ ǎǳŎŎŜǎǎ ƳŀǊƪǎ ŀ ǇƻǿŜǊŦǳƭ ŜŎƻƴƻƳƛŎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΣ ōǳǘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ŏƻǎǘǎ ŀǊŜ 
mounting. Balancing growth with sustainable practices is no longer optional but necessary for long-term 
prosperity. 
PYQ: Explain the purpose of Green Grid Initiative launched at the World Leaders Summit of COP26 UN Climate 
Change Conference in Glass glow in November 2021. When was the idea first floated in the International Solar 
Alliance (ISA)? (Answer in 150 words) 
 

21. LƴŘƛŀΩǎ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ /Ǌƛǎƛǎ 
Context: ! ƴŜǿ Ǝƭƻōŀƭ ǎǘǳŘȅ ƛƴ bŀǘǳǊŜ ƴŀƳŜǎ LƴŘƛŀ ŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǇƭŀǎǘƛŎ ǇƻƭƭǳǘŜǊΣ ŜƳƛǘǘƛƴƎ фΦо Ƴƛƭƭƛƻƴ 
tonnes annually. 
¶ The {ǳǇǊŜƳŜ /ƻǳǊǘΩǎ ǾŜǊŘƛŎǘ ƻƴ ±ŜƭƭƻǊŜ tanneries offers a judicial templateτvia continuing 

mandamusτto enforce waste remediation and environmental justice. 
 
About LƴŘƛŀΩǎ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ /Ǌƛǎƛǎ: 
What is Waste Management? 
¶ Waste management refers to the collection, segregation, treatment, and disposal of solid, liquid, and 

plastic waste to prevent environmental degradation. 
¶ Despite claims of 95% national waste collection, Nature (2025) estimates LƴŘƛŀΩǎ ǇŜǊ ŎŀǇƛǘŀ ǇƭŀǎǘƛŎ 

waste generation at 0.54 kg/day, far exceeding official estimates of 0.12 kg/dayτindicating 
underreported rural waste and informal sector exclusion. 

 
Initiatives for Waste Management in India: 

1. Plastic Waste Management Rules (2016ς2024): These progressive rules introduced segregation at 
source, Extended Producer Responsibility (EPR), and bans on specific single-use plastic items to 
minimize generation and improve accountability. 

2. Mandatory Jute Packaging Act, 2010: Enforces eco-friendly jute packaging for key commodities to 
reduce dependency on plastic and combat pollution from artificial packaging. 

3. Extended Producer Responsibility (EPR) Framework: Applies to producers, importers, and brand 
owners, mandating collection, recycling, and reuse targets with environmental compensation for non-
compliance. 

4. Decentralized Waste Governance: The responsibility for waste management extended to Gram 
Panchayats, emphasizing local-level accountability and rural waste coverage. 

 
YŜȅ LǎǎǳŜǎ ƛƴ LƴŘƛŀΩǎ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ {ȅǎǘŜƳΥ 
¶ Data Inaccuracy: Official waste statistics exclude rural areas, open burning, and the informal sector. 

o No uniform waste audit methodology or third-party validation exists. 
¶ Lack of Infrastructure: Most areas rely on dumpsites; sanitary landfills are outnumbered 10:1. 

o No mandatory geotagging or universal linkage to MRFs, recyclers, or EPR kiosks. 
¶ Urban-Rural Divide: Rural regions, under panchayati raj institutions, remain outside formal collection 

systems, worsening the problem. 
¶ Weak Implementation of EPR: While PIBOs have obligations, on-ground infrastructure for collection, 

segregation, and deposit remains patchy. 
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¶ Non-Compliance Culture: SC noted that laws exist but remain on paper, with schemes failing due to 
absence of timely enforcement. 

 
Way Forward 
¶ !ŘƻǇǘ Ψ/ƻƴǘƛƴǳƛƴƎ aŀƴŘŀƳǳǎΩ WǳŘƛŎƛŀƭ hǾŜǊǎƛƎƘǘΥ 

Like in the Vellore tanneries case (2024), courts 
must ensure time-bound compliance through 
regular updates and reporting. 

¶ Strengthen Data Systems: Mandate waste audits, 
third-party verification, and real-time public data 
dashboards for transparency. 

¶ Mandatory Infrastructure Mapping: All urban and 
rural local bodies must be linked to Material 
Recovery Facilities (MRFs) and sanitary landfills. 

¶ Decentralised EPR Execution: Set up EPR kiosks at 
the local level, manned by PIBOs, to ensure 
accessible and scalable plastic recovery. 

¶ Government Pay Principle: As per SC, the State 
must compensate victims, recover costs from 
polluters, and initiate ecological restoration 
promptly. 

¶ Leverage Technology: Use AI, GIS-based tracking, and geotagged waste maps for real-time monitoring 
and compliance. 

 
Conclusion: LƴŘƛŀΩǎ ǿŀǎǘŜ ŎǊƛǎƛǎ ǊŜŦƭŜŎǘǎ ƴƻǘ Ƨǳǎǘ ŀ ŦŀƛƭǳǊŜ ƛƴ ǇƻƭƛŎȅΣ ōǳǘ ƛƴ ŜƴŦƻǊŎŜƳŜƴǘΣ ƳƻƴƛǘƻǊƛƴƎΣ ŀƴŘ ŜǉǳƛǘȅΦ 
¢ƘŜ ƧǳŘƛŎƛŀǊȅΩǎ ƛƴǘŜǊǾŜƴǘƛƻƴ ǘƘǊƻǳƎƘ continuing mandamus and the polluter pays principle is essential for 
accountability. For sustainable development, environmental compliance must be people-centric, data-driven, 
and time-bound. 
PYQ: What are the impediments in disposing the huge quantities of discarded solid wastes which are 
continuously being generated? How do we remove safely the toxic wastes that have been accumulating in our 
habitable environment? (UPSC-2018) 
 
 

22. The Crisis of Urban Ecology in India 
Context: The Supreme Court issued a stay on deforestation in IȅŘŜǊŀōŀŘΩǎ YŀƴŎƘŀ DŀŎƘƛōƻǿƭƛ ŦƻǊŜǎǘ amid 
massive protests against state-led land auction for IT development. 
 
What is Kancha Gachibowli and Why is it in Conflict? 
¶ Kancha Gachibowli is a biodiverse urban forest patch near the University of Hyderabad, with over 730 

plant species and 220 bird species. 
¶ The Telangana government plans to auction 400 acres of this land for IT infrastructure, triggering 

protests from students, environmentalists, and civil society. 
 
Dilemmas in Development vs Ecology: 
¶ Economic Growth vs Environmental Protection: Industrial projects boost GDP and employment but 

lead to deforestation, pollution, and biodiversity loss. E.g. Expansion of coal mining in Hasdeo Arand 
threatens elephant corridors and tribal habitats. 

¶ Short-Term Benefits vs Long-Term Sustainability: 
Infrastructure development offers immediate gains but 
causes irreversible ecological damage. E.g. Construction 
of Char Dham roads accelerates landslides in fragile 
Himalayan zones. 

¶ Human Development vs Rights of Nature: Welfare 
schemes often exploit natural resources, undermining 
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the intrinsic value of ecosystems. E.g. Hydropower dams submerge forest lands, affecting riverine 
ecology. 

¶ Tribal Livelihoods vs National Interest: Development projects on forest lands displace indigenous 
communities and erode traditional knowledge. E.g. Niyamgiri Hills mining project was halted due to 
5ƻƴƎǊƛŀ YƻƴŘƘ ǘǊƛōŜΩǎ ǊŜǎƛǎǘŀƴŎŜΦ 

¶ Policy Urgency vs Ethical Environmental Governance: Speedy clearances often bypass due 
environmental assessments, violating intergenerational equity. E.g. EIA 2020 draft drew criticism for 
diluting public consultation processes. 

 
Importance of Urban Forests in Indian Cities: 
¶ Ecological Buffers: Forest patches regulate temperature, air quality, and urban flood cycles. Also, they 

preserve biodiversity and prevent habitat fragmentation. 
¶ Carbon Sequestration: Urban forests act as green lungsΣ ŀōǎƻǊōƛƴƎ /hі ŀƴŘ ƳƛǘƛƎŀǘƛƴƎ ƘŜŀǘ ƛǎƭŀƴŘ 

effects. 
¶ Public Health and Well-being: Access to green spaces reduces respiratory issues, stress, and improves 

mental health. 
¶ Livelihood and Culture: Urban commons serve as grazing lands, herb sources, and sacred spaces for 

local communities. 
¶ Climate Resilience: With rising heatwaves, pollution, and water crises, city forests are essential to 

climate adaptation strategies. 

 
Challenges Facing Urban Forests: 
¶ Non-notified Green Spaces: Forests within city limits often lack legal status under the Forest 

Conservation Act. 
¶ Fragmented Institutional Jurisdiction: Urban forests fall between municipal, forest, and development 

agencies, creating legal ambiguity. 
¶ Masterplans Ignore Ecology: Urban development plans often prioritise vertical expansion over 

ecological preservation. 
¶ Weak Citizen Participation: Major decisions occur without local community inputs or gram sabha 

consent. 
¶ Profit-driven Land Use: Valuation of green land by real estate potential, not ecological value, drives 

short-sighted planning. 
 
Way Forward Towards Ecological Urbanism: 
¶ Urban Forest Policy: Enact a National Urban Forest Protection Act akin to heritage protection laws and 

classify urban forests as critical climate infrastructure. 
¶ EIA Reforms: Mandate scientific, participatory EIAs for all urban development projects above a certain 

scale. 
¶ Community Stewardship: Promote citizen-led forest management models involving students, resident 

associations, and local panchayats. 
¶ Urban Biodiversity Registries: Create ward-wise urban biodiversity inventories, updated annually with 

expert validation. 
¶ Judicial Oversight and Accountability: Strengthen implementation of SC orders on urban forests and 

expand the role of Central Empowered Committees. 
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Conclusion: The conflict between cities and their forests is not about growth vs environmentτbut about what 
kind of urban future we choose. If India is to build climate-resilient, inclusive cities, it must preserve its 
ecological commons, legislate urban forest protections, and plan with nature as co-architect. The green fight in 
Kancha Gachibowli is a national wake-up call 
PYQ: How does the draft Environment Impact Assessment (EIA) Notification, 2020 differ from the existing EIA 
Notification, 2006? (UPSC-2020) 
 

23. Waves of Environmentalism in India 
Context: Ramachandra Guha recently discussed the three waves of Indian environmentalism at NCBS, 
Bengaluru, tracing its origins from colonial industrialization to modern climate activism. 
 
About Environmentalism:    
 Environmentalism is a socio-political movement that promotes 
harmonious coexistence between humans and nature. It arose as a 
response to unchecked industrialization, focusing on ecological balance, 
sustainability, and justice. 
 
Features of environmentalism are: 
¶ Conservation of ecosystems and biodiversity: It aims to protect natural habitats and species diversity 

to maintain ecological balance. E.g. Movements like Chipko in India promoted forest protection and 
biodiversity conservation. 

¶ Sustainability in resource use: Environmentalism advocates using resources in a way that meets 
present needs without compromising future generations. E.g. Promoting renewable energy and organic 
farming as alternatives to fossil fuels and chemical agriculture. 

¶ Social equity (linking ecology with livelihoods): It links environmental protection with the rights and 
welfare of marginalized communities. E.g. Tribal rights over forests under FRA 2006 ensure both 
conservation and livelihood protection. 

¶ Policy interventions to curb pollution/degradation: The movement pushes for legal frameworks and 
regulations to reduce environmental damage. E.g. The Environment Protection Act, 1986 in India 
empowers the government to address industrial pollution. 

 
About Three Waves of Environmentalism in India: 

1. First Wave (Early 20th Century: Pre-Independence) 
1. Intellectual critique of colonial industrialization: Thinkers criticized exploitative British policies 

that harmed forests and rivers. 
2. Alternative models like organic farming (Albert Howard) and Gandhian sustainability: 

Howard promoted natural farming methods, while Gandhi stressed self-sufficiency and 
minimalism. 

3. CƻŎǳǎ ƻƴ ǘǊƻǇƛŎŀƭ ŜŎƻƭƻƎȅΩǎ ŦǊŀƎƛƭƛǘȅ όWΦ/Φ YǳƳŀǊŀǇǇŀΩǎ ǘƘŜƻǊƛŜǎύΥ Kumarappa advocated for 
ŜŎƻƴƻƳƛŎ ǎȅǎǘŜƳǎ ǊŜǎǇŜŎǘƛƴƎ LƴŘƛŀΩǎ ǎŜƴǎƛǘƛǾŜ ŜŎƻǎȅǎǘŜƳǎΦ 

4. ¦Ǌōŀƴ ǇƭŀƴƴƛƴƎ όtŀǘǊƛŎƪ DŜŘŘŜǎΩ ǎǳǎǘŀƛƴŀōƭŜ Ŏƛǘȅ ŘŜǎƛƎƴǎύΥ Geddes promoted ecological urban 
designs integrating nature and human settlements. 

5. Examples: 
Á ¢ŀƎƻǊŜΩǎ Sriniketan experimentsblending education and ecology. 
Á Organic farmingadvocacy by the Howards. 

2. Second Wave (1970sς1980s: Grassroots Movements) 
o aŀǎǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ όŜΦƎΦΣ /ƘƛǇƪƻΩǎ ǘǊŜŜ-hugging protests): Common people, especially women, 

led non-violent actions to protect forests. 
o Gandhian non-violence + ecological justice: Movements merged peaceful protest with 

demands for environmental equity. 
o Policy impact: Creation of MoEFCC (1980) and environmental laws: These movements led to 

institutional responses like forest protection laws. 
o Livelihood-centric (e.g., Narmada Bachao Andolan): Focus shifted to how big projects affected 
ǇƻƻǊ ŎƻƳƳǳƴƛǘƛŜǎΩ ƭƛǾŜǎ ŀƴŘ ŜŎƻƭƻƎȅΦ 

o Examples: 
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Á Chipko Movement (1973): Saved Himalayan forests; inspired global eco-activism. 
Á Silent Valley Movement (1978): Halted hydroelectric project in Kerala. 

3. Third Wave (21st Century: Climate-Centric Youth Activism) 
o Climate change as a unifying theme: Youth movements now focus on global warming and 

ecological breakdown. 
o Urban-centric issues: Air pollution, e-waste: Cities face new threats like hazardous air and 

unregulated electronic waste. 
o Digital mobilization (Fridays for Future India): social media enables fast, wide-reaching 

environmental campaigns. 
o Demand for green jobs and renewable energy: Youth seek sustainable livelihoods through 

clean energy and eco-tech. 
o Examples: 

Á Protests against Aarey Colony deforestation(Mumbai Metro). 
Á Chennai water crisis (2019)sparking urban sustainability debates. 

 
Significance of Environmentalism in India: 
¶ Policy Reforms: Environmentalism has driven legal and institutional changes to protect nature and 

regulate industry. 
¶ Global Leadership: India showcases leadership in clean energy and climate diplomacy on global 

platforms. 
¶ Livelihood Protection: Environmental conservation safeguards the sustenance of forest-dependent 

communities. 
¶ Climate Resilience: Environmentalism promotes ecosystem-based solutions to reduce disaster 

vulnerability. 
 
Conclusion: LƴŘƛŀΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭƛǎƳ ŜǾƻƭǾŜŘ ŦǊƻƳ Ŏƻƭƻƴƛŀƭ ŎǊƛǘƛǉǳŜǎ ǘƻ Ƴŀǎǎ ƳƻǾŜƳŜƴǘǎ ŀƴŘ ƴƻǿ ȅƻǳǘƘ-led 
climate action. Despite challenges like lax enforcement and corporate lobbying, grassroots activism and 
scientific expertise offer hope. Balancing development and sustainability remain the ultimate test. 
PYQ: Ψ/ƭƛƳŀǘŜ /ƘŀƴƎŜΩ ƛǎ ŀ Ǝƭƻōŀƭ ǇǊƻōƭŜƳΦ Iƻǿ LƴŘƛŀ ǿƛƭƭ ōŜ ŀŦŦŜŎǘŜŘ ōȅ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΚ Iƻǿ IƛƳŀƭŀȅŀƴ ŀƴŘ 
coastal states of India will be affected by climate change? (UPSC-2017) 
 

24. Green Credit Programme 
Context: The Green Credit Programme (GCP), launched in 2023, faces criticism for potentially incentivizing 
forest diversion and promoting plantations on ecologically sensitive 
lands. 
About Green Credit Programme (GCP): 
¶ Launched in: October 2023 (notified under Green Credit Rules) 
¶ Officially unveiled: At COP28 (2023) by Prime Minister of India 

and UAE President 
¶ Implementing Agency: Indian Council of Forestry Research and 

Education (ICFRE), Dehradun 
¶ Aim of GCP: 

o Incentivize voluntary environmental actions (afforestation, water conservation, waste 
management) through tradable green credits. 

o Support Mission LiFE (Lifestyle for Environment) by encouraging eco-friendly practices. 
o Allow industries/entities to use credits for compensatory afforestation and ESG 

(Environmental, Social, Governance) compliance. 
¶ Key Features: 

o Voluntary Participation: Open to individuals, corporates, and PSUs, allowing diverse 
stakeholders to contribute to environmental sustainability initiatives. 
Á Participation is non-mandatory, encouraging proactive ecological investment aligned 

with Mission LiFE. 
o Seven Activities Covered: These include tree plantation, water conservation, sustainable 

farming, waste management, air quality improvement, mangrove protection, and eco-
restoration. 
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o Tradable Credits: Participants earn green credits for verified eco-actions, which are 
marketable on a domestic platform. 

o Compliance Use: Credits can be used to fulfill compensatory afforestation obligations under 
the Forest Conservation Act, 2023 (Van Adhiniyam). 
Á They can also help meet Environmental, Social, and Governance (ESG) commitments 

under SEBI norms. 
How it works: 

¶ Registration: Interested entities must apply and register with the Indian Council of Forestry Research 
and Education (ICFRE).  

o ICFRE acts as the nodal authority for verifying and processing green credit applications. 

¶ Land Allocation: State forest departments allocate degraded land parcels of at least 5 hectares for 
green activities. 

¶ Plantation Drive: After allotment, forest departments execute and maintain plantation efforts using 
the funds provided.  

o The activity must be completed within two years of approval and payment. 

¶ Credit Generation: One grown tree equals one green credit, with a minimum density of 1,100 trees 
per hectare. 

¶ Credits are validated based on local silvi-climatic suitability and verified by the department. 

¶ Trading: Generated green credits can be traded on a domestic market to industries and organisations. 
 

25. Coral Bleaching 
Context: The world is witnessing its worst coral bleaching event ever, with nearly 84% of global coral reefs 
affected, as confirmed by NOAA and the International Coral Reef Initiative. 
 
What is Coral Bleaching? 
¶ Coral bleaching occurs when prolonged thermal stress causes corals to expel zooxanthellae (symbiotic 

algae), leading to loss of color and vital energy source. 
¶ Bleached corals appear white and become highly vulnerable to disease, starvation, and eventual 

death. 
 
Key Features of the Current Event: 
¶ Unprecedented Scope: Bleaching-level heat stress has impacted 83.7% of coral reef areas worldwide 

(NOAA, 2025). 
¶ Geographic Spread: Pacific, Atlantic, and Indian Ocean reefs, including Great Barrier Reef and 

Lakshadweep, are affected. 
¶ Severity Levels Introduced: NOAA added Alert Levels 3ς5 to signify over 80% potential coral mortality 

risks. 
¶ Back-to-Back Events: Great Barrier Reef has witnessed six mass bleaching events since 1998, the last 

two in consecutive years (2023ς24). 
¶ No Safe Havens Left: Even thermally resilient zones like Raja Ampat and Red Sea suffered bleaching, 

indicating global vulnerability. 
 
Causes of Coral Bleaching: 
¶ Rising Sea Surface Temperatures: Triggered by climate change and El Niño events (e.g., record 1.5°C 

above pre-industrial levels in 2023). 
¶ Ocean Acidification: LƴŎǊŜŀǎŜŘ /hі ƭŜǾŜƭǎ ŀƭǘŜǊ ƻŎŜŀƴ ŎƘŜƳƛǎǘǊȅΣ ǿŜŀƪŜƴƛƴƎ ŎƻǊŀƭ ǎǘǊǳŎǘǳǊŜǎΦ 
¶ Pollution and Sedimentation: Runoff, plastic, and toxins reduce coral resilience. 
¶ Overfishing: Disrupts reef ecology, affecting coral-algae dynamics. 

 
Consequences of Bleaching: 
¶ Loss of Biodiversity: Coral reefs support 1/3rd of marine life; their degradation leads to mass species 

loss. 
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¶ Food and Livelihood Crisis: 
Affects 1 billion people reliant on 
reef-related fisheries and 
tourism. 

¶ Coastal Vulnerability: Weak 
reefs cannot buffer storm surges 
and erosion, risking coastal 
populations. 

¶ Economic Impact: Global reef 
ecosystem services are valued at 
~$375 billion annually. 

¶ Ecosystem Collapse: Recurrent 
bleaching reduces reef recovery 
capacity, pushing systems 
beyond tipping points. 

 
Way Ahead: 
¶ Global Emission Reductions: 

Urgent need to meet 1.5°C Paris 
Agreement targets to reduce marine heatwaves. 

¶ Expand Marine Protected Areas: Shield reefs from local stressors. 
¶ Strengthen Monitoring: Support citizen science and AI-driven reef health platforms. 
¶ Climate Financing for Reef Nations: Direct funds for sustainable tourism and reef restoration. 
¶ Public Awareness and Education: Promote community-led reef conservation. 

 
Conclusion: The 2025 global coral bleaching event marks an ecological emergency, underscoring the climate 
ŎǊƛǎƛǎΩǎ ƎǊƻǿƛƴƎ ƛƳǇŀŎǘ ƻƴ ƳŀǊƛƴŜ ōƛƻŘƛǾŜǊǎƛǘȅΦ ²ƘƛƭŜ ǊŜŜŦ ǊŜŎƻǾŜǊȅ ƛǎ ǇƻǎǎƛōƭŜΣ ƛǘ ŘŜƳŀƴŘǎ ǎǿƛŦǘ ŀŎǘƛƻƴΣ Ǌƻōǳǎǘ 
global cooperation, and sustained conservation efforts. Without immediate mitigation, the world risks losing its 
most vital underwater ecosystems. 
PYQ: Assess the impact of global warming on the coral life system with examples. (UPSC-2019) 
 

26. Marine Litter 
Context: The global spotlight on marine litter has intensified, with India yet to implement a direct policy 
targeting mitigation. Experts now emphasize the need to prioritize local-level implementation to address 
escalating ecological and economic impacts. 
 
What is Marine Litter? 
¶ Definition: Marine litter refers to human-generated waste that ends up in oceans and seas, primarily 

through rivers, drains, and coastal activities. 
¶ Plastic Dominance: Over 80% of marine debris is plastic, including bags, bottles, microplastics, and 

fishing gear. Example: Sea turtles mistake plastic bags for jellyfish, leading to fatal blockages. 
¶ Ghost Gear Hazard: Discarded fishing nets (ghost gear) trap and kill marine life long after their utility 

ends. Example: Over 650,000 marine mammals 
die yearly due to entanglement (UNEP). 

¶ Bioaccumulation Risk: Microplastics enter the 
food chain, impacting marine biodiversity and 
human health. 

¶ Navigation Threat: Litter impedes shipping, 
fishing, and tourism sectorsτposing safety and 
economic risks. 

 
Global Data Insights on Marine Litter:  
¶ Plastic Surge: Global plastic production in the 

last decade surpassed the entire 20th-century 
output (UNESCO Ocean Literacy). 
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¶ 2050 Warning: Oceans may contain more plastic than fish by weight if trends continue (UNESCO). 
¶ COVID Impact: Disruption of waste systems during the pandemic intensified litter flows. 
¶ Microplastics: Detected from Arctic ice to deep-sea trenchesτshowing global scale and irreversibility. 
¶ Global Mortality: Over 1 million marine animals die annually due to plastic ingestion or entanglement 

(WWF). 
 
Global Initiatives Against Marine Litter: 

1. MARPOL Annex V (1983): It is a global agreement that bans ships from dumping plastics and other 
garbage into the ocean. 

2. UNCLOS (1994): The United Nations Convention on the Law of the Sea requires countries to protect the 
ocean environment. It covers all types of pollution, including waste from land, ships, and offshore 
sources. 

3. Honolulu Commitment (2011): Signed by many countries and groups, it aims to reduce waste entering 
the ocean from land and sea. It promotes cooperation among governments, NGOs, and industries to 
clean up the oceans. 

4. ¦b9tΩǎ Clean Seas Campaign (2017): Launched by the UN, this campaign encourages countries to 
reduce plastic use, especially single-use plastics. 

5. Sustainable Development Goal (SDG) 14.1: This global goal asks all countries to reduce marine 
pollution by 2025, especially plastic waste. It pushes for cleaner seas through better waste 
management and reduced dumping. 

 
India is Lagging Behind in Controlling Marine Litter: 
¶ Lack of Standalone Policy: India lacks a direct national policy for marine litter mitigation. 
¶ Over-reliance on Plastic Waste Management Rules (2016): These rules focus on general waste but lack 

marine-specific enforcement. E.g. EPR implementation remains inconsistent across states. 
¶ Delayed Action Plan: While a National Action Plan is being developed, its implementation remains 

pending. 
¶ Land-based Litter Ignored: Rivers and drains funnel untreated solid waste into oceans. 
¶ Sectoral Focus: Existing maritime pollution control focuses primarily on shipping, not comprehensive 

waste streams. 
 
Way Forward: 
¶ Adopt a National Marine Litter Policy: India must formalize a comprehensive marine litter law 

incorporating land-sea continuum. E.g. aƻŘŜƭƭŜŘ ƻƴ WŀǇŀƴΩǎ aŀǊƛƴŜ [ƛǘǘŜǊ !Ŏǘ ƻǊ 9¦Ωǎ aŀǊƛƴŜ {ǘǊŀǘŜƎȅ 
Framework Directive. 

¶ Community-Based Monitoring: Engage coastal communities in local-level waste surveillance and clean-
up. E.g. YŜǊŀƭŀΩǎ Ψ{ǳŎƘƛǘǿŀ {ŀƎŀǊŀƳΩ ǇǊƻƧŜŎǘ mobilized fisherfolk to collect marine plastic. 

¶ Leverage Extended Producer Responsibility (EPR): Enforce plastic recovery targets and traceability at 
coastal and riverine levels. 

¶ Circular Economy Approach: Promote biodegradable alternatives, waste segregation, and recycling 
near coasts. E.g. Link with Swachh Bharat 2.0 and National Green Hydrogen Mission for sustainability. 

¶ Scientific Collaboration and Innovation: Partner with GESAMP, GPML, and UNEP for R&D on bio-
remediation and microplastic removal. 

 
Conclusion: Marine litter is a growing ecological and economic crisis. While global frameworks offer guidance, 
India must act decisively at the local level with a dedicated policy, robust community participation, and 
innovation-driven solutions. Only then can our blue economy be truly sustainable. 
PYQ: What is oil pollution? What are its impacts on the marine ecosystem? In what way is oil pollution 
particularly harmful for a country like India? (UPSC-2023) 
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Syllabus: Environment Pollution 
27. Cap-and-Trade India 
Context: A recent study published in The Quarterly Journal of Economics ŎƻƴŦƛǊƳŜŘ ǘƘŀǘ {ǳǊŀǘΩǎ Emissions 
Trading Scheme ό9¢{ύΣ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƳŀǊƪŜǘ ŦƻǊ ǇŀǊǘƛŎǳƭŀǘŜ ŜƳƛǎǎƛƻƴǎ τ reduced pollution by 20ς30% and 
lowered compliance costs by 11%. 
 
What is Cap-and-Trade? 
Cap-and-Trade is a market-
driven environmental policy 
where the government sets a 
maximum limit (cap) on the total 
level of pollution that can be 
emitted by industries. 
¶ Under this system, 

companies are issued 
pollution permits that 
allow them to emit a 
specific number of 
pollutants. 

¶ If a firm emits less than 
its permitted share, it can sell its unused permits to other firms struggling to meet their limits. 

¶ This creates a financial incentive for industries to reduce pollution efficiently and invest in cleaner 
technologies, as doing so can turn into a profit opportunity. 

 
How Does Cap-and-Trade Work? 
¶ Regulatory Cap Setting: 

o The government or regulatory authority sets a total emissions ceiling across all participating 
firms, based on environmental goals (e.g., air quality improvement, climate targets). 

¶ Permit Distribution: 
o Pollution permits are then allocated: 

Á Free allocation to firms based on past emissions (grandfathering method). 
Á Auctioning a portion of permits, allowing the market to determine their price. 

¶ Trading System Among Firms: 
o Companies that can cut emissions cheaply will do so and sell their surplus permits. 
o Companies facing higher abatement costs can buy permits to remain compliant rather than 

investing heavily in immediate technology upgrades. 
¶ Penalties for Non-Compliance: 

o Firms failing to hold sufficient permits for their actual emissions face strict financial penalties. 
o Penalties ensure that it remains cheaper to comply by reducing pollution or buying permits 

rather than paying fines. 
 
Challenges to Cap-and-Trade Model: 
¶ Monitoring gaps: Effective cap-and-trade relies on precise, real-time emissions data, which demands 

continuous oversight and maintenance of monitoring systems. E.g. {ǳǊŀǘΩǎ ǎǳŎŎŜǎǎ ǿŀǎ ƭƛƴƪŜŘ ǘƻ /9a{ 
installation. 

¶ High initial setup cost: Setting up infrastructure like Continuous Emissions Monitoring Systems (CEMS) 
can be financially burdensome, especially for small industries. E.g. CEMS installation was mandatory for 
317 industries. 

¶ Market manipulation risk: Industries could collude to hoard permits, manipulate prices, and 
undermine the true spirit of emissions trading unless strict controls are enforced. E.g. Weekly auctions 
were introduced to avoid hoarding. 

¶ Sectoral variations:  Pollution abatement costs differ across industries, creating uneven advantages 
where some firms may find it easier to profit from permit trading. E.g. Cost of abatement varies greatly 
across sectors. 
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¶ Policy instability: Frequent and unpredictable changes in cap levels or trading rules can discourage 
long-term industrial investments in clean technologies. E.g. Surat ETS cap was adjusted after pilot 
phase data review. 

 
Way Ahead: 
¶ Expand ETS to other cities: Scaling cap-and-trade to other polluted urban-industrial centers can 

maximize its impact and build a nationwide pollution control framework. E.g. Delhi, Ahmedabad and 
others planning new pilots. 

¶ Include more pollutants: .ǊƻŀŘŜƴ ǘƘŜ 9¢{ ǘƻ ŎƻǾŜǊ ƎŀǎŜǎ ƭƛƪŜ ǎǳƭŦǳǊ ŘƛƻȄƛŘŜ ό{hіύ ŀƴŘ ƴƛǘǊƻƎŜƴ ƻȄƛŘŜǎ 
(NOx) to comprehensively tackle industrial pollution. E.g. Gujarat considering sulfur dioxide cap-and-
trade next. 

¶ Invest in CEMS technology: Boosting investments in reliable, tamper-proof CEMS technology will 
ensure greater transparency and regulatory efficiency. E.g. /9a{ ŎǊƛǘƛŎŀƭ ŦƻǊ {ǳǊŀǘΩǎ ǾŜǊƛŦƛŀōƭŜ Řŀǘŀ 
success. 

¶ Set dynamic emission caps: Emission caps must be adaptable to account for seasonal pollution 
variations and industrial production cycles for better effectiveness. E.g. {ǳǊŀǘΩǎ ŎŀǇ ǊŜǾƛǎŜŘ ŦǊƻƳ нул ǘƻ 
170 tonnes/month. 

¶ Enhance stakeholder engagement: Active participation of industries, local bodies, and citizens through 
awareness campaigns can ensure broader acceptance and success. E.g. Surat industries collaborated 
with GPCB during roll-out. 

 
Conclusion: {ǳǊŀǘΩǎ 9Ƴƛǎǎƛƻƴǎ ¢ǊŀŘƛƴƎ {ŎƘŜƳŜ ǇǊƻǾŜǎ ǘƘŀǘ market-based solutions can effectively balance 
economic growth with environmental protection. Scaling such initiatives nationwide could be vital for 
achieving LƴŘƛŀΩǎ ŎƭŜŀƴ ŀƛǊ ǘŀǊƎŜǘǎ while fostering industrial efficiency. 
PYQ: Ψ/ƭƛƳŀǘŜ /ƘŀƴƎŜΩ ƛǎ ŀ Ǝƭƻōŀƭ ǇǊƻōƭŜƳΦ Iƻǿ LƴŘƛŀ ǿƛƭƭ ōŜ affected by climate change? How Himalayan and 
coastal states of India will be affected by climate change? (UPSC-2017) 
 

28. Governmentality and Stubble Burning  
Context: A 2025 study by IIM Amritsar links stubble burning in Punjab to governmentality and market failures. 
The research highlights how state policies, like MSP, inadvertently promote unsustainable farming practices. 
 
What is Governmentality? 
aƛŎƘŜƭ CƻǳŎŀǳƭǘΩǎ ŎƻƴŎŜǇǘ ƻŦ governmentality refers to how 
ǎǘŀǘŜǎ ƛƴŦƭǳŜƴŎŜ ŎƛǘƛȊŜƴǎΩ ǎŜƭŦ-regulation rather than using 
direct coercion. 
 
Types of Governmentalities in Agriculture: 
¶ Neoliberal Governmentality ς Market-driven policies 

(e.g., MSP) shape farmer behavior without direct 
enforcement. E.g. MSP incentivizes rice-wheat monoculture, discouraging crop diversification. 

¶ Disciplinary Governmentality ς Penalties (e.g., fines for stubble burning) force compliance without 
offering alternatives. E.g. Punjab imposed 2.5 lakh fines but failed to provide affordable stubble 
management solutions. 

¶ Pastoral Governmentality ς State positions itself as a protector but prioritizes urban-industrial 
interests over farmers. E.g. Crackdowns on farm fires while ignoring industrial pollution in Delhi. 

¶ Security-Oriented Governmentality ς Policies focus on food security (e.g., MSP for wheat/rice) but 
neglect ecological costs. E.g. tǳƴƧŀōΩǎ 35 million tonnes of paddy residue burnt annually due to lack of 
alternatives. 

¶ Market-Driven Governmentality ς Middlemen (arhatias) control pricing, trapping farmers in debt 
cycles. E.g. Farmers sell paddy at 1,900/quintal while market rates exceed 2,500. 

 
How Governmentality Worsens Pollution? 
¶ MSP Promotes Monocropping ς Focus on rice/wheat leaves no incentive for eco-friendly crops.                   

E.g. tǳƴƧŀōΩǎ 85% paddy area under MSP-linked varieties. 
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¶ Lack of Affordable Alternatives ς {ǘŀǘŜ ǇŜƴŀƭƛȊŜǎ ōǳǊƴƛƴƎ ōǳǘ ŘƻŜǎƴΩǘ ǎǳōǎƛŘƛȊŜ ƘŀǇǇȅ ǎŜŜŘŜǊǎ ƻǊ ōƛƻ-
decomposers. E.g. Only 15% of Punjab farmers use crop residue management machines. 

¶ Urban Bias in Policy ς LƴŘǳǎǘǊƛŀƭ Ǉƻƭƭǳǘƛƻƴ όол҈ ƻŦ 5ŜƭƘƛΩǎ taнΦрύ ƛǎ ƻǾŜǊƭƻƻƪŜŘ ǿƘƛƭŜ ŦŀǊƳ ŦƛǊŜǎ ŀǊŜ 
vilified. E.g. NCR industries emit 280 tonnes/day of PM2.5 vs. 120 tonnes/day from stubble burning. 

¶ Middlemen Exploitation ς Arhatias control credit, forcing farmers into debt and cost-cutting measures 
like burning. E.g. 60% of Punjab farmers are indebted, per NABARD 2022. 

¶ Weak Enforcement & Incentives ς Short-ǘŜǊƳ ǎŎƘŜƳŜǎ όŜΦƎΦΣ мллκǉǳƛƴǘŀƭ ŦƻǊ ƴƻƴ-burning) fail to 
address systemic issues. E.g. Only нл҈ ƻŦ tǳƴƧŀōΩǎ мΦр Ƴƛƭƭƛƻƴ ŦŀǊƳŜǊǎ availed central aid for residue 
management. 

 
Remedies to Address Systemic Failure: 
¶ Create Stubble-Based Markets ς Promote fodder, biofuel, and packaging industries to monetize crop 

residue. E.g. IŀǊȅŀƴŀΩǎ мн ōƛƻƳŀǎǎ Ǉƭŀƴǘǎ utilize 1.2 million tonnes/year of stubble. 
¶ Reform MSP & Crop Diversification ς Include millets, pulses, and oilseeds in MSP to reduce paddy 

dependency. E.g. !ƴŘƘǊŀΩǎ ½.bC ǎŎƘŜƳŜ cut water use by 30% while improving soil health. 
¶ Strengthen Value Chains ς State-led price transparency and direct farmer-market linkages to bypass 

middlemen. E.g. eNAM platform ƭƛƴƪǎ ŦŀǊƳŜǊǎ ǘƻ ōǳȅŜǊǎ ōǳǘ ŎƻǾŜǊǎ ƻƴƭȅ му҈ ƻŦ tǳƴƧŀōΩǎ ƳŀƴŘƛǎΦ 
¶ Subsidize Sustainable Tech ς Expand access to happy seeders, bio-decomposers, and balers via 

cooperatives. E.g. tǳƴƧŀōΩǎ рл҈ ǎǳōǎƛŘȅ on machinery reached only 25,000 farmers in 2023. 
¶ Behavioral Change Campaigns ς Partner with religious/NGO groups to reduce aspirational debt-driven 

farming. E.g. {Ǌƛ {Ǌƛ wŀǾƛ {ƘŀƴƪŀǊΩǎ Zero-Budget Farming workshops in Haryana reduced input costs by 
40%. 

 
Conclusion: Stubble burning stems from policy-driven market failures, not farmer negligence. Solutions 
require systemic reformsτMSP diversification, stubble valorization, and fair pricing. A balanced 
approach must address rural marginalization while curbing pollution. 
PYQ: Discuss in detail the photochemical smog emphasizing its formation, effects and mitigation. Explain the 
1999 Gothenburg Protocol. (UPSC-2021) 
 

Syllabus: Disaster Management 
29. Dust Storm 
Context: A severe dust storm hit Delhi-NCR with wind speeds reaching up to 80 kmph, killing one and injuring 
three. The IMD issued a red alert, and 15 flights were diverted due to poor visibility and high-speed winds. 
 
Understanding Dust Storms: 
¶ What are Dust Storms? 

o Dust storms are intense winds that lift loose sand and 
dust from dry surfaces into the atmosphere, reducing 
visibility and air quality. 

¶ Causes of Dust Storms: 
o Natural Causes: Droughts, arid conditions, low 

vegetation, and strong pressure gradients. 
o Human-Induced Factors: Overgrazing, deforestation, unsustainable farming, and land 

degradation. 
¶ Regions Impacted in India: 

o Rajasthan, Haryana, Delhi, Gujarat, and parts of Uttar Pradesh frequently experience dust 
storms during pre-monsoon months. 

 
Consequences of Dust Storms: 
¶ Human Impact: Respiratory illnesses like asthma and bronchitis increase due to PM2.5 and PM10 

particles.                       E.g. 5ŜƭƘƛΩǎ !vL ŘǊƻǇǇŜŘ ǘƻ мспΣ ōǳǘ ŜȄǇƻǎǳǊŜ Ǌƛǎƪ ǊŜƳŀƛƴŜŘΦ 
¶ Risk of injuries and fatalities from flying debris, collapsing structures.                                                                              

E.g. Death of a 67-year-old in Delhi due to wall collapse. 
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¶ Governance Impact: Disruption of power supply, damage to infrastructure and public services.                                
E.g. Power outages in North-West Delhi, tree falls blocking roads. 

¶ Air and rail traffic delays affect emergency responses and logistics.                                                                                  
E.g. 15 flights diverted from IGI Airport. 

¶ Animal Impact: Livestock face dust inhalation, eye irritation, and dehydration.                                                              
E.g. Reported cases of animal distress in storm-prone regions of Rajasthan. 

¶ Migration patterns of birds disrupted due to low visibility and altered air currents. 
¶ Geographic/Environmental Impact: 

o Topsoil erosion reduces land fertility, worsening desertification. 
o Dust storms carry pathogens, impacting water bodies and crops.                                                                           

E.g. UNCCD reports 2000 million tons of dust emitted globally every year. 
 
Measures to Counter Dust Storms: 
¶ Early Warning Systems: IMD alerts, satellite tracking, and AI-based forecasting for real-time action. 
¶ Urban Planning and Infrastructure: Underground cabling, wind-resistant structures, and green belts to 

block dust movement. 
¶ Natural Resource Management: Reforestation, afforestation, and sustainable soil conservation 

practices. 
¶ Health Preparedness: Medical advisories, free distribution of masks, and mobile health units in storm-

prone areas. 
¶ International Collaboration: Support from UNCCD, WMO, and regional bodies for joint mitigation 

strategies and policy frameworks. 
 
Conclusion: Dust storms, intensified by both natural and anthropogenic causes, pose significant threats to 
human health, infrastructure, and ecosystems. A holistic approach integrating early warnings, sustainable land 
use, and community resilience is vital for mitigating their impact. 
PYQ: The process of desertification does not have climate boundaries. Justify with examples. (UPSC-2020) 
 
 

30. Heatwaves in India 
Context: India witnessed severe heatwaves in March 2025 τ 20 days earlier than in 2024 τ highlighting the 
urgent need for short-term and long-term strategies to tackle heat stress and its cascading impacts. 
 
About Heatwaves: 
Definition: A heatwave is a prolonged period of 
excessively hot weather, often accompanied by high 
humidity, significantly impacting human health, 
agriculture, and ecosystems. 
 
Key Features: 
¶ In India, a heatwave is declared when maximum 

temperature exceeds 40°C in plains and 30°C in 
hilly areas. 

¶ It is intensified by factors like humidity, wind 
speed, and urban heat islands. 

¶ Global warming and climate change are major 
contributors to the increased frequency and 
intensity. 

 
Impacts of Heatwaves: 
¶ Health Impacts: 

o Causes heat stress, affecting kidneys, liver, 
brain, and can lead to death. 

o Vulnerable groups: elderly, women, 
outdoor workers, poor communities. 
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¶ Economic and Livelihood Impacts: 
o Reduces agricultural productivity, kills livestock. 
o Lowers work hours, especially among informal sector workers. 
o Estimated loss: 3%ς5% of GDP; in 2023, с҈ ƻŦ LƴŘƛŀΩǎ ǿƻǊƪ ƘƻǳǊǎ were lost due to heat stress. 

¶ Social Inequity: 
o Disproportionately affects marginalized sections, migrants, women, and the elderly. 

 
Challenges associated Heatwave are: 
¶ Inadequate Implementation: Heat Action Plans (HAPs) exist but face poor execution. 
¶ Lack of Comprehensive Data: Incomplete heat-related morbidity and mortality statistics. 
¶ Urban Vulnerabilities: Confined spaces, dense housing amplify risks in poor neighbourhoods. 
¶ Infrastructure Gaps: Insufficient cooling shelters, public water points, and ORS availability. 
¶ Limited Awareness: Public education on heat safety remains patchy. 

 
Way Ahead: 

1. Short-Term Measures: 
a. Strengthen HAPs: Update State and city-level plans factoring in humidity and local 

vulnerabilities. 
b. Early Warning Systems: Adopt Heat Health Alert (HHA) systems using both day and night 

temperatures. 
c. Immediate Public Health Actions: Ensure availability of drinking water, ORS, staggered work 

hours. 
d. Targeted Advisories: Provide localized and socially contextual heat advisories. 

2. Long-Term Measures: 
a. Urban Planning Reforms: Promote cool roofing, green spaces, better building materials. 
b. Summer Shelters: 9ǎǘŀōƭƛǎƘ ΨǎǳƳƳŜǊ ǎƘŜƭǘŜǊǎΩ ŦƻǊ ǾǳƭƴŜǊŀōƭŜ ǇƻǇǳƭŀǘƛƻƴǎΦ 
c. Skill Development: Train workforce for heat-resilient construction and urban management. 
d. Insurance Coverage: Offer insurance for wage losses during extreme heat events. 
e. Policy Integration: Coordinate climate action across sectors for sustainable adaptation. 

 
Conclusion: LƴŘƛŀΩǎ ǊƛǎƛƴƎ ƘŜŀǘǿŀǾŜ ǘƘǊŜŀǘ ŘŜƳŀƴŘǎ ŀ people-centric, equity-focused, and science-based 
approach combining immediate relief measures and sustainable, long-term urban resilience strategies. 
Proactive policy action today can avert major public health and economic crises tomorrow. 
PYQ: άIŜŀǘ ǿŀǾŜǎ ƘŀǾŜ ōŜŎƻƳŜ ƳƻǊŜ ŦǊŜǉǳŜƴǘ ŀƴŘ ƛƴǘŜƴǎŜ ƛƴ LƴŘƛŀ ŘǳŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦέ 5ƛǎŎǳǎǎ ǘƘŜ ŎŀǳǎŜǎΣ 
impact, and mitigation strategies for heat waves in India. (250 words) 
 
 

Facts for Prelims (FFP) 
 

Syllabus: Indian Economy 
1. Monetary Policy 
Context: RBI has completed 90 years since it announced its first monetary policy in 1935. This milestone is 
being celebrated during the time of the new RBI Governor, Sanjay Malhotra. 
 
About Monetary Policy: 
What is Monetary Policy? aƻƴŜǘŀǊȅ ǇƻƭƛŎȅ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŎŜƴǘǊŀƭ ōŀƴƪΩǎ 
strategy to control money supply and interest rates in the economy to 
ensure stability and growth. 
Objective: Its aim is to regulate inflation, maintain currency stability, and 
boost economic growth through effective liquidity and credit control. 
Authority in India: Managed by the Reserve Bank of India (RBI) under the RBI Act, 1934. 
 
Evolution of Monetary Policy in India: 
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1935: w.LΩǎ ŦƛǊǎǘ ƳƻƴŜǘŀǊȅ ǇƻƭƛŎȅ ŦƛȄŜŘ ǘƘŜ .ŀƴƪ wŀǘŜ ŀǘ оΦр҈ ŀƴŘ ƛƴǘǊƻŘǳŎŜŘ /ŀǎƘ wŜǎŜǊǾŜ wŀǘƛƻ ό/wwύΦ 
 Origins: 
¶ Bank Rate ς Inspired by the Bank of England. 
¶ CRR ς Based on the Federal Reserve Act (USA). 

Open Market Operations (OMO), Statutory Liquidity Ratio (SLR), and exchange rate management became part 
of the policy framework later. 
Modern policies now use the Repo Rate as the key benchmark. 
 
Types of Monetary Policy Tools: 
Quantitative Instruments: 
¶ Bank Rate: Interest rate at which RBI lends to banks. Influences long-term lending rates. 
¶ CRR (Cash Reserve Ratio): Mandates banks to keep a % of deposits with RBI. Controls money supply. 
¶ SLR (Statutory Liquidity Ratio): Requires banks to hold liquid assets. Ensures solvency and liquidity. 
¶ Repo Rate: w.LΩǎ ǎƘƻǊǘ-term lending rate to banks. Affects borrowing costs and inflation. 
¶ Reverse Repo Rate: Rate at which RBI borrows from banks. Absorbs excess liquidity. 
¶ OMO (Open Market Operations): RBI buys/sells securities to adjust liquidity. Impacts money supply. 
¶ MSF (Marginal Standing Facility): Emergency funds for banks at higher rates. Manages liquidity crises. 
¶ LTRO & MSS: Tools for long-term liquidity and stabilizing capital flows. Addresses specific market 

needs. 
Qualitative Instruments: 
¶ Credit Rationing: Caps credit to certain sectors. Prevents overexposure to risky loans. 
¶ Margin Requirements: Adjusts collateral needed for loans. Influences speculative borrowing. 
¶ Consumer Credit Regulation: Controls instalment loans. Curbs excessive consumer debt. 
¶ Moral Suasion: RBI advises banks informally. Guides lending behaviour without mandates. 
¶ Direct Action: Penalties like PCA on non-compliant banks. Ensures adherence to RBI norms. 

 

2. Accommodative Stance 
Context: The Reserve Bank of India (RBI), in its latest Monetary Policy Committee (MPC) meeting, retained its 
accommodative stance to support economic recovery amidst moderating inflation and sluggish growth signals. 
 
About Accommodative Stance: 
¶ What is an Accommodative Stance? 

o An accommodative stance is a monetary policy approach 
adopted by central banks like the RBI to stimulate 
economic activity. It generally involves keeping interest 
rates low and ensuring ample liquidity in the system. 

¶ When is it Adopted? 
o When economic growth slows or is below potential. 
o When inflation is low or within target range. 
o During periods needing boosts in consumption, investment, and employment. 
o In response to financial shocks or global economic uncertainties. 

¶ Objectives of the Accommodative Stance: 
o Promote credit flow and private investment. 
o Encourage borrowing and spending by lowering the cost of capital. 
o Revive demand in the economy. 
o Ensure liquidity support to stressed sectors. 

¶ Tools Used by RBI under Accommodative Stance: 
o Reducing Repo Rate: Lowers borrowing cost for commercial banks. 
o Open Market Operations (OMOs): RBI purchases government securities to inject liquidity. 
o Long-Term Repo Operations (LTROs): Provide longer-term liquidity at low rates. 
o Cash Reserve Ratio (CRR) adjustments: Temporarily reduce CRR to enhance bank liquidity. 
o Moral Suasion & Regulatory Forbearance: RBI nudges banks to increase lending. 

¶ Implications on the Indian Economy: 
o Boosts consumption and investment, driving GDP growth. 
o Reduces interest burden on borrowers. 
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o May lead to asset price inflation if excess liquidity persists. 
o If prolonged, it may fuel inflationary pressures and weaken the rupee. 
o Supports employment generation in the short term. 

 

3. Bombay Stock Exchange (BSE) 
Context: The Bombay Stock Exchange (BSE) is celebrating its 150th anniversary on April 17, 2025, in Mumbai, 
with Finance Minister of India attending the celebrations. 
 
About Bombay Stock Exchange (BSE): 
What it is?  
¶ BSE Ltd. is !ǎƛŀΩǎ ƻƭŘŜǎǘ ǎǘƻŎƪ ŜȄŎƘŀƴƎŜ and a major 

platform for trading equities, debt, mutual funds, 
derivatives, and commodities in India. 

¶ Established in: мутрΣ ƻǊƛƎƛƴŀƭƭȅ ŀǎ ά¢ƘŜ bŀǘƛǾŜ {ƘŀǊŜ ϧ {ǘƻŎƪ 
.ǊƻƪŜǊǎΩ !ǎǎƻŎƛŀǘƛƻƴέ ŦƻǳƴŘŜŘ ōȅ Ŏƻǘǘƻƴ ƳŜǊŎƘŀƴǘ 
Premchand Roychand. 

History: 
¶ Began informally under a banyan tree near Mumbai Town Hall. 
¶ Shifted to Dalal Street in 1874 and formalized in 1875. 
¶ Became the first exchange to be recognized under the Securities Contract Regulation Act, 1956. 
¶ Introduced electronic trading in 1995, replacing the open outcry system. 
¶ Partnered with the United Nations Sustainable Stock Exchanges Initiative in 2012. 
¶ Launched India INX (first international exchange) in 2016. 
¶ Listed itself on National Stock Exchange in 2017. 

 
Key Features: 
¶ Benchmark Index: Sensex (30 top-performing companies), launched in 1986. 
¶ Market Capitalization: Surpassed $5 trillion in May 2024, ranking 6th largest globally. 
¶ Product Offerings: Equities, stock futures/options, index derivatives, debt securities, ETFs, mutual 

funds. 
¶ Listings: Over 5,000 companies, the highest among all global exchanges. 
¶ Technological Advancement: Early mover in electronic trading systems through BOLT (BSE Online 

Trading) 
 

4. National Bank for Financing Infrastructure and Development (NaBFID)  
Context: The National Bank for Financing Infrastructure and Development (NaBFID) signed a strategic MoU 
with the New Development Bank (NDB) to boost cooperation in long-term infrastructure and clean energy 
financing in India.  
 
About NaBFID (National Bank for Financing Infrastructure and 
Development): 
¶ What it is: A Development Finance Institution (DFI) 

dedicated to funding long-term infrastructure projects 
across India. 

¶ Established under: NaBFID Act, 2021. 
¶ Regulated by: Reserve Bank of India (RBI) as an All-India 

Financial Institution (AIFI). 
Objectives: 
¶ Fill gaps in long-term non-recourse infrastructure finance. 
¶ {ǳǇǇƻǊǘ ƎǊƻǿǘƘ ƻŦ LƴŘƛŀΩǎ bond and derivatives markets. 
¶ Accelerate sustainable economic development. 
¶ Strengthen the ecosystem for project financing in clean energy, transport, and water. 

Key Features: 
¶ /ŀǇƛǘŀƭ ōŀǎŜ ǘƻ ōŜ ǎŎŀƭŜŘ ǘƻ 1 trillion with institutional support. 
¶ Focus on medium to long-term funds (1ς5+ years). 
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¶ Plans joint research, workshops, and capacity building with global partners like NDB. 
¶ NaBFID promotes public-private partnerships (PPPs) and ensures financial viability of infrastructure 

projects. 
 
About the New Development Bank (NDB): 
What it is: A multilateral development bank formed by the BRICS nations τ Brazil, Russia, India, China, South 
Africa. 
Idea proposed: 2012 BRICS Summit, New Delhi. 
Established by: Fortaleza Declaration, 15 July 2014. 
Became operational: 21 July 2015. 
 
Aims: 
¶ Mobilize resources for infrastructure and sustainable development. 
¶ Fund projects in emerging and developing economies (EMDCs). 
¶ Encourage green and inclusive growth through clean energy, transportation, and water management. 

Key Features: 
¶ Authorized capital: $100 billion 
¶ LƴŘƛŀΩǎ ŎƻƴǘǊƛōǳǘƛƻƴΥ $2 billion (paid in 7 tranches from 2015ς2022) 
¶ Active in India: 20 ongoing projects worth $4.867 billion funded by NDB (as of Dec 2024) 

 

5. Bear Market 
Context: The S&P 500 briefly entered bear market territory, dropping over 20% due to escalating US tariffs 
under President Trump. This is the first such decline since 2022, triggering global recession fears and investor 
panic. 
 
About Bear Market: 
What is a Bear Market? A bear market refers to a situation where a stock index declines by 20% or more from 
its recent peak, indicating investor pessimism and negative economic outlook. 
 
Causes of a Bear Market: 

¶ Weak Macroeconomic Indicators: Declining GDP growth, rising unemployment, and reduced industrial 
output. 

¶ Investor Sentiment Collapse: Fear-driven sell-offs due to 
uncertainty or panic. 

¶ Policy Shocks and Geopolitics: Sudden tariffs, wars, or oil 
crises disrupting investor confidence. 

¶ Overvaluation of Stocks: Market corrections after an 
unsustainable bull run. 

Key Characteristics of Bear Market: 

¶ Sharp price decline: More than 20% from peak levels. 

¶ Widespread investor panic: Risk aversion dominates. 

¶ Low investor confidence: Reduced demand for equities. 

¶ Higher bond demand: Shift toward safe assets. 
Implications on Economy: 

¶ Reduced Household Wealth: A decline in stock values reduces personal net worth. This lowers 
consumer spending and overall demand in the economy. 

¶ Business Investment Slows: Firms delay expansion due to market uncertainty. 
Capital inflows and fundraising activities like IPOs decline significantly. 

¶ Job Market Impact: Companies adopt cost-cutting measures to preserve margins. This leads to hiring 
freezes, layoffs, and stagnation in wage growth. 

¶ Government Revenue Falls: Reduced market activity lowers capital gains tax collection. This impacts 
fiscal capacity and government spending on public services. 

¶ Higher Financial Volatility: Risk aversion rises and credit becomes more expensive. Investors shift to 
safer assets, limiting liquidity in the equity markets. 
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How to Counter a Bear Market? 

¶ Monetary Policy Intervention: Lowering interest rates, quantitative easing by central banks. 

¶ Fiscal Stimulus Packages: Government spending to boost demand and employment. 

¶ Diversified Portfolio Strategy: Investment in index funds, bonds, and gold for safety. 

¶ Investor Education and Awareness: Encouraging long-term focus to reduce panic-driven selling. 

¶ Regulatory Stability: Policy continuity, trade certainty and investor protections. 
 
 

6. NITI NCAER States Economic Forum Portal 
Context: CƛƴŀƴŎŜ aƛƴƛǎǘŜǊ ǿƛƭƭ ƭŀǳƴŎƘ ǘƘŜ άbL¢L NCAER {ǘŀǘŜǎ 9ŎƻƴƻƳƛŎ CƻǊǳƳέ ǇƻǊǘŀƭ ǘƻŘŀȅΦ ¢ƘŜ ǇƻǊǘŀƭ ƻŦŦŜǊǎ 
30 years of consolidated data on social, economic, and fiscal parameters of all Indian states. 
 
About the NITI NCAER Portal: 
What is it? A digital platform offering comprehensive, state-wise data from 
1990-91 to 2022-23, to support evidence-based policymaking and research. 
Developed by: NITI Aayog in partnership with National Council of Applied 
Economic Research (NCAER). 
Launch by: Ministry of Finance. 
 
Objective / Aim: 
¶ To serve as a centralised data hub for tracking state-level trends. 
¶ To aid researchers, policymakers, and academics in comparative analysis and development planning. 
¶ To encourage data-driven policy discussions and fiscal transparency. 

 
Four Key Components of the Portal: 
¶ State Reports: Covers 28 States and structured around demography, economic structure, socio-

economic and fiscal indicators. 
¶ Data Repository: Access to raw and categorised data under 5 verticals: Demography, Economic 

Structure, Fiscal, Health, and Education. 
¶ State Fiscal and Economic Dashboard: Visualizes key economic trends and provides easy access to 

graphs, summaries, and downloadable datasets. 
¶ Research and Commentary: In-depth analyses and expert views on state finances and fiscal policies. 

This supports long-term academic and policy research. 
 
Features & Significance: 
¶ 30 years of historical trends (1990-91 to 2022-23) 
¶ Facilitates benchmarking across states and against national averages. 
¶ Bridges data accessibility gaps for informed policymaking. 
¶ Offers insights for evidence-based reforms and public finance planning. 
¶ Encourages transparency and cooperative federalism. 

 

7. Credit Flow in MSMEs and SMEs 
Context: ¢ƘŜ ŎǊŜŘƛǘ ƎŀǇ ƛƴ LƴŘƛŀΩǎ a{a9 ǎŜŎǘƻǊ ƛǎ ŜǎǘƛƳŀǘŜŘ ŀǘ Ϸоол ōƛƭƭƛƻƴ όw.LΣ нлноύΣ ǇǊƻƳǇǘƛƴƎ ŀ ƎǊƻǿƛƴƎ 
shift toward decentralised, digital credit systems. 
 
About Current Credit Status of SMEs & MSMEs: 
¶ MSMEs contribute Ϥол҈ ǘƻ LƴŘƛŀΩǎ D5t and employ over 110 million people. 
¶ Despite their significance, 80% of MSMEs rely on informal credit, facing high interest rates and 

scalability issues. 
¶ Traditional banks often reject applications due to lack of collateral or credit history. 

 
Importance of Credit Flow in MSMEs and SMEs: 
¶ Employment Creation: Affordable credit allows MSMEs to expand and hire more, directly impacting 

employment generation. E.g. м ƭŀƪƘ ŎǊŜŘƛǘ ǘƻ a{a9ǎ ƎŜƴŜǊŀǘŜǎ 1.5 jobs (Ministry of MSME). 
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¶ Boost to GDP Growth: Better credit access improves productivity and enables MSMEs to contribute 
more to GDP. E.g. Digital lending could add 1.5% to GDP by 2025 (BCG report). 

¶ Promotes Financial 
Inclusion: Digital 
payments, credit 
analytics, and online 
lending formalize micro-
businesses, bringing them 
into the financial 
mainstream. E.g. UPI 
ŜƴŀōƭŜŘ му ƭŀƪƘ ŎǊƻǊŜ 
transactions in 2023, 
easing payments for small 
vendors. 

¶ Encourages Innovation 
and Digitisation: Credit 
flow supports the 
adoption of new tech 
tools, which improve 
business scalability and 
competitiveness. E.g. PSB 
Loans in 59 Minutes 
sanctioned 1.5 lakh 
crore to MSMEs using algorithm-based approvals. 

¶ Stabilizes Cash Flow: Reliable working capital helps small businesses avoid shutdowns during crises.                        
E.g. ECLGS loans saved over 1.14 crore MSMEs during the COVID-19 pandemic. 

 
Challenges to Credit Access in MSMEs and SMEs: 
¶ Collateral Constraints: Banks demand property or high-value assets which most MSMEs lack.                                  

E.g. Street vendors and artisans often operate without land titles. 
¶ Dependence on Informal Sector: MSMEs often choose informal credit due to faster processing despite 

higher costs. E.g. Micro traders in UP and Bihar pay >36% annual interest to local lenders. 
¶ Digital Divide in Rural India: Low internet access and digital illiteracy hinder fintech adoption.                                  

E.g. A khadi weaver in Odisha may not have a smartphone or UPI access. 
¶ Cybersecurity Risks: Fintech systems may face data breaches, endangering borrower privacy.                                    

E.g. The 2022 Mobikwik breach exposed millions of user records. 
¶ Lack of Awareness about Government Schemes: Many MSMEs are unaware of existing credit support 

schemes. E.g. Few shopkeepers in tier-3 towns know about CGTMSE benefits. 
 
Way Ahead: 
¶ Encourage Bank-Fintech Collaboration: Use hybrid models to combine reach of fintech and credibility 

of banks. E.g. {.LΩǎ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ [ŜƴŘƛƴƎYŀǊǘ ǘƻ ǎǳǇǇƻǊǘ ƳƛŎǊƻ-loans. 
¶ Promote Digital Infrastructure in Rural Areas: Invest in internet connectivity and mobile banking 

access in villages. E.g. BharatNet is expanding optical fibre connectivity to gram panchayats. 
¶ Stronger Regulatory Oversight: Implement safeguards on data sharing and algorithm-based lending.                     

E.g. w.LΩǎ 5ƛƎƛǘŀƭ [ŜƴŘƛƴƎ DǳƛŘŜƭƛƴŜǎ нлнн ǇǊŜǾŜƴǘ Ƴƛǎ-selling and fraud. 
¶ Wider Awareness Campaigns: Mass campaigns to educate MSMEs about credit options and rights.                          

E.g. MSME Champions Portal launched for real-time grievance redressal. 
¶ Boost to Credit Guarantee Schemes: Expand CGTMSE and ECLGS with higher disbursement and 

outreach. E.g. /D¢a{9 Ƙŀǎ ŦŀŎƛƭƛǘŀǘŜŘ оΦт ƭŀƪƘ ŎǊƻǊŜ ƛƴ ŎƻƭƭŀǘŜǊŀƭ-free loans. 
 
Conclusion: 5ŜŎŜƴǘǊŀƭƛǎŜŘ ŎǊŜŘƛǘ ƛǎ ǇƛǾƻǘŀƭ ƛƴ ŜƳǇƻǿŜǊƛƴƎ a{a9ǎΣ ǘƘŜ ōŀŎƪōƻƴŜ ƻŦ LƴŘƛŀΩǎ ŜŎƻƴƻƳȅΦ ²ƛǘƘ 
improved infrastructure, digital inclusion, and responsible governance, India can bridge the credit gap and 
foster inclusive growth. Supporting MSMEs is essential for a resilient, equitable, and high-growth economic 
future. 
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PYQ: Faster economic growth requires increased share of the manufacturing sector in GDP, particularly of 
MSMEs. Comment on the present policies of the Government in this regard. (UPSC-2023) 
 

8. Central Board of Direct Taxes (CBDT) 
Context: The Central Board of Direct Taxes (CBDT) launched an aggressive strategy to recover Rs. 2.4 lakh crore 
of undisclosed income through intensified searches, raids, and data-driven actions. 
About Central Board of Direct Taxes (CBDT): 
¶ What is CBDT? 

o The Central Board of Direct Taxes (CBDT) is a statutory authority responsible for administering 
direct tax laws in India. 

o It functions under the Department of Revenue, Ministry of Finance. 
¶ Established in: 1964 
¶ Formed under: The Central Board of Revenue Act, 1963, after the bifurcation of the Central Board of 

Revenue (1924). 
¶ Ministry: Ministry of Finance, Government of India. 
¶ Objectives: 

o Formulate policies for direct tax administration. 
o Ensure effective enforcement and compliance of tax laws. 
o Widen and deepen the tax base to promote fiscal stability. 
o Promote transparency, voluntary compliance, and fight tax evasion. 

¶ Members: The CBDT is composed of one Chairperson and 6 Members. 
Functions: 

¶ Policy Making: Formulates and administers policies relating to direct taxes like income tax, corporate 
tax, and wealth tax (now abolished). 

¶ Supervision: Oversees the functioning of the Income Tax Department. 

¶ Investigation: Conducts searches, raids, and assessments to curb tax evasion and black money. 

¶ International Cooperation: Facilitates tax treaties, international information exchange, and global tax 
compliance efforts. 

¶ Taxpayer Services: Ensures ease of compliance through grievance redressal, e-filing platforms, and 
awareness initiatives. 

¶ Legislative Initiatives: Drafts and reviews amendments to tax laws and regulations 
 

9. One State, One RRB Policy 
Context: The Ministry of Finance has notified the amalgamation of 26 Regional Rural Banks (RRBs) across 10 
ǎǘŀǘŜǎ ŀƴŘ м ǳƴƛƻƴ ǘŜǊǊƛǘƻǊȅ ǳƴŘŜǊ ǘƘŜ άhƴŜ {ǘŀǘŜΣ hƴŜ ww.έ ǇƻƭƛŎȅΣ ŜŦŦŜŎǘƛǾŜ ŦǊƻƳ aŀȅ мΣ нлнрΣ ǊŜŘǳŎƛƴƎ ǘƘŜ 
total number of RRBs to 28. 
About One State, One RRB Policy: 
What it is: A reform initiative of the Department of Financial Services aimed at consolidating RRBs within a 
state into a single entity. The consolidation process thus was initiated in the year 2005 as an off-shoot of Dr 
Vyas Committee Recommendations. 
 
Objective: 
¶ Enhance operational efficiency and governance. 
¶ Rationalize costs and optimize human and technological resources. 
¶ Eliminate competition among sponsor banks within a state. 

 
Benefits of Consolidation under One State, One RRB: 
¶ Larger operational areas allow improved scale and outreach. 
¶ Technology integration and standardization of banking services. 
¶ Enhanced credit exposure and risk management. 
¶ Unified governance under one sponsor bank per state. 

 
About Regional Rural Banks (RRBs): 
¶ Established: In 1975 under the Regional Rural Banks Act, 1976. 
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¶ Recommendation: Based on Narasimham Committee Report (1975). 
¶ Purpose: To bridge rural credit gaps and strengthen institutional lending in rural India. 
¶ Regulated by: Reserve Bank of India (RBI) 
¶ Supervised by: National Bank for Agriculture and Rural Development (NABARD) 

 
Ownership Structure: 

o Government of India ς 50% 
o State Government ς 15% 
o Sponsor Bank ς 35% 

 
Objectives of Regional Rural Banks (RRBs): 

o Rural Development: Promote credit access in rural areas for agriculture, trade, and services. 
o Financial Inclusion: Provide banking services to small and marginal farmers, artisans, labourers, 

and small entrepreneurs. 
o Priority Sector Lending: Focus on priority sectors such as agriculture and MSMEs. 
o Institutional Credit Channel: Act as a supplement to cooperative credit structure in rural India. 

 

10. Gold Prices Rise 
Context: DƻƭŘ ǇǊƛŎŜǎ ƛƴ LƴŘƛŀ ƘŀǾŜ Ƙƛǘ ƘƛǎǘƻǊƛŎ ƘƛƎƘǎΣ ōǊŜŀŎƘƛƴƎ м ƭŀƪƘ ǇŜǊ мл ƎǊŀƳǎ ƻƴ a/·Σ ŘǊƛǾŜƴ ōȅ Ǝƭƻōŀƭ 
stagflation concerns, US-China tensions, and rising central bank demand, including the RBI. 
About Gold Prices Rise: 
¶ What is the Gold Rate? 

o The gold rate refers to the market price of gold, typically measured per 10 grams in India. 
o It serves as a key indicator for jewellery buyers, investors, and commodity traders. 

¶ How is Gold Price Determined? 
o International Market Rates: Global demand, supply, and events (like wars or inflation) 

influence the price of gold in India. 
o Currency Exchange Rate: A weaker rupee against the US dollar makes gold imports costlier, 

raising domestic prices. 
o Import Duties & Taxes: LƴŘƛŀΩǎ ƘƛƎƘ ƛƳǇƻǊǘ ŘŜǇŜƴŘŜƴŎȅ ƳŜŀƴǎ ŀƴȅ ŎƘŀƴƎŜ ƛƴ import duties or 

GST directly affects price. 
o Demand-Supply Trends in India: Festival and wedding seasons see surges in demand, pushing 

up prices due to limited supply. 
o MCX Futures & Bullion Market Benchmarks: Gold futures traded on MCX (Multi Commodity 

Exchange) provide a reference rate for domestic pricing. 
o Local Jewellers & Making Charges: Final jewellery prices include purity grade (22K, 24K), 

making charges, local taxes, and retailer margins. 
¶ Gold prices in India vary significantly across states and cities, driven by several factors. From 

transportation costs to local demand, these elements collectively determine the final price consumers 
pay. 

¶ Factors Affecting Gold Prices: 
o Inflation & Interest Rates: Higher inflation boosts gold demand as a hedge; low interest rates 

make it attractive. 
o Geopolitical Crises: Wars, pandemics, and financial instability raise investor interest in gold. 
o Central Bank Reserves: Aggressive gold buying by global central banks increases prices. 
o Government Regulations: RBI and policy move (e.g., SGBs, gold import restrictions) alter 

market dynamics. 
¶ Consequences of Rising Gold Prices: 

o Positive for Investors: Gold becomes a high-yielding asset during uncertain times. 
o Negative for Consumers: Jewellery and retail prices rise, reducing household gold 

consumption. 
o Trade Balance Impact: High imports widen the current account deficit, straining forex 

reserves. 
o Inflationary Pressure: Rising gold and commodity prices can fuel inflation expectations. 
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Syllabus: Major Crops & Cropping patterns. 
11. Comprehensive Remote Sensing Observation on Crop Progress (CROP) 
Context: L{whΩǎ ǎŀǘŜƭƭƛǘŜǎΣ ǳƴŘŜǊ ǘƘŜ /wht ŦǊŀƳŜǿƻǊƪΣ ƘŀǾŜ ŦƻǊŜŎŀǎǘŜŘ LƴŘƛŀΩǎ ǿƘŜŀǘ ǇǊƻŘǳŎǘƛƻƴ ŀǘ мннΦтнп 
million tonnes across eight major wheat-growing States for the Rabi season 2024-25. 
 
About Comprehensive Remote Sensing Observation on Crop Progress (CROP): 
What it is? A semi-automated, scalable remote sensing framework developed to monitor crop sowing, 
growth, and harvesting stages in near real-time. 
 
Developed by: National Remote Sensing Centre (NRSC), Indian Space Research Organisation (ISRO). 
Objective: 
¶ To enable systematic, timely, and scalable monitoring of agricultural crops using satellite data. 
¶ To provide accurate crop condition assessments supporting early agricultural planning and food 

security strategies. 
Features: 
¶ Satellite Sources: Utilizes Optical and Synthetic Aperture Radar (SAR) data from satellites like EOS-04 

(RISAT-1A), EOS-06 (Oceansat-3), and Resourcesat-2A. 
¶ Spatial Mapping: Monitors wheat distribution across 8 lakh hectares in major wheat-producing states. 
¶ Crop Simulation Models: Integrates sowing dates, crop area, and in-season condition using 5×5 km 

spatial resolution. 
¶ Multi -Source Data Fusion: Enhances estimation precision by combining optical and radar observations. 

Significance: 
¶ Boosts Agri-Policy Making: Supports the Ministry of Agriculture in real-time agricultural monitoring. 
¶ Improves Food Security: Early yield estimation helps manage food stock and procurement planning. 
¶ Disaster Management: Aids in drought, flood, and pest impact assessments. 
¶ Advances Technology Use: Promotes space-based precision agriculture and remote sensing 

integration in farm management. 
 

12. Hybrid Paddy Seeds 
Context: Punjab government has banned the sale of hybrid paddy seeds ahead of the 2025 Kharif season. The 
ŘŜŎƛǎƛƻƴ Ŧƻƭƭƻǿǎ ǊƛŎŜ ƳƛƭƭŜǊǎΩ ǊŜŦǳǎŀƭ ǘƻ ŀŎŎŜǇǘ ƘȅōǊƛŘ ǊƛŎŜ ŘǳŜ ǘƻ ƭƻǿ ƳƛƭƭƛƴƎ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ōǊƻƪŜƴ ƎǊŀƛƴ ƻǳǘǇǳǘΦ 
 
About Hybrid Paddy Seeds: 
Hybrid paddy is a crossbred rice variety developed from two different parent lines to increase yield, water 
efficiency, and early maturity. 
These varieties are non-Basmati and cultivated for commercial high-yield farming. 
Common Hybrid Varieties in Punjab: Sava 127, Sava 134, Sava 7501, 27P22, VNR 203. 
 
Key Features 
¶ Higher Yield: Produces 35ς40 quintals per acre (5ς6 quintals more than regular varieties). 
¶ Shorter Duration: Matures in 125ς130 days, conserving water. 
¶ Less Stubble: Helpful in reducing stubble burning issues. 

Reason for Ban by Punjab Govt 
¶ Low Milling Efficiency (OTR): Millers report 60ς63% Out Turn Ratio Ǿǎ C/LΩǎ ƳƛƴƛƳǳƳ ƻŦ ст҈Φ 
¶ Broken Grains: High grain breakage results in losses to millers. 
¶ Farmer Losses: Lower procurement prices due to quality mismatch. 

 

13. Chlorpyrifos Pesticide 
Context:  Ahead of the Basel, Rotterdam, and Stockholm Conventions (BRS COP) in Geneva, Indian civil society 
groups have urged the government to impose a complete ban on chlorpyrifos, a pesticide banned in over 40 
countries but still used in India. 
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About Chlorpyrifos Pesticide: 
¶ What is Chlorpyrifos? 

o Chlorpyrifos is an organophosphate insecticide, acaricide, and miticide. 
¶ Chemical Formula: /ѝIѕѕ/ƭїbhїt{Φ 

o Used to control soil-borne and foliage-feeding insects in crops like cotton, paddy, soy, wheat, 
and maize. 

¶ Neurotoxic Agent: Disrupts the enzyme acetylcholinesterase, critical for nerve function. 
¶ Health Impacts: Linked to reduced IQ, developmental delays, memory loss, and birth defects, 

especially in unborn children. 
¶ Acute Effects: Can cause convulsions, respiratory failure, or death in extreme exposures. 
¶ Environmental Concerns: 
¶ Bio accumulative and persistent in nature. 
¶ Can travel thousands of miles, contaminating remote ecosystems, including polar regions. 
¶ Harms pollinators and aquatic life, threatening food chains and biodiversity. 
¶ Chlorpyrifos is not yet officially listed under either the Stockholm or Rotterdam Convention, but 

global efforts are actively pushing for its inclusion. 
 
About Rotterdam Convention (2004) ς On Prior Informed Consent (PIC) for Hazardous Chemicals and Pesticides 
¶ Objective: Promotes shared responsibility in the international trade of hazardous chemicals to protect 

human health and the environment. 
¶ Key Mechanism: Prior Informed Consent (PIC) τ exporting countries must notify and obtain consent 

before shipping restricted chemicals. 
¶ Scope: Covers pesticides, industrial chemicals, and Severely Hazardous Pesticide Formulations (SHPFs). 
¶ Annexures: 

o Annex I: Information requirements for notification. 
o Annex II: Scientific criteria for listing. 
o Annex III: List of chemicals (52 total ς 35 pesticides, 16 industrial chemicals, 1 both). 
o Annex IV: Criteria for listing SHPFs. 

¶ Recent Focus: Push to include chlorpyrifos and paraquat under Annex III. 
 
About Stockholm Convention (2004) ς On Persistent Organic Pollutants (POPs) 
¶ Objective: Protects health and ecosystems from POPs ς chemicals that persist, bioaccumulate, and are 

toxic. 
¶ Initial Focus: ά5ƛǊǘȅ 5ƻȊŜƴέ ς 12 highly toxic chemicals 
¶ Key Features: 

o Annex A: Chemicals to be eliminated. 
o Annex B: Chemicals to be restricted. 
o Annex C: Chemicals for release reduction. 

¶ Financial Mechanism: Global Environment Facility (GEF). 
 

14. The First Commercial Sea Shipment of Indian Bhagwa Pomegranates 
Context: Lƴ ŀ ƳŀƧƻǊ ōƻƻǎǘ ǘƻ LƴŘƛŀΩǎ ŦǊŜǎƘ ŦǊǳƛǘ ŜȄǇƻǊǘǎΣ ǘƘŜ ŦƛǊǎǘ ŎƻƳƳŜǊŎƛŀƭ ǎŜŀ ǎƘƛǇƳŜƴǘ ƻŦ LƴŘƛŀƴ .ƘŀƎǿŀ 
Pomegranates successfully arrived in New York. 
 
Recent Consignment of Pomegranates to the USA: 
What it is?  A landmark commercial sea shipment carrying Indian Bhagwa variety pomegranates arrived on the 
U.S. East Coast in March. 
Origin: The fruits were sourced from farms affiliated with Kay Bee Exports, Maharashtra, and processed 
ǘƘǊƻǳƎƘ !t95!Ωǎ ǎǳǇǇƻǊǘŜŘ ƛǊǊŀŘƛŀǘƛƻƴ ŦŀŎƛƭƛǘȅ ƛƴ bŀǾƛ aǳƳōŀƛΦ 
Variety: Bhagwa ς known for its deep red color, superior taste, high antioxidant content, and long shelf life (up 
to 60 days under trial conditions). 
Significance: The successful shipment opens new opportunities for Indian farmers to access premium 
international markets sustainably through sea freight. 
 
About Agricultural and Processed Food Products Export Development Authority (APEDA): 
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What it is: The Agricultural and Processed Food Products Export Development Authority (APEDA) is a statutory 
body promoting agricultural exports. 
¶ Headquarters: New Delhi, India. 
¶ Established: Under the APEDA Act of 1985; operational from 13th February 1986. 
¶ Ministry: Operates under the Ministry of Commerce and Industry, Government of India. 

Major Functions: 
¶ Registration of exporters and promotion of scheduled product exports. 
¶ Fixing quality standards and specifications for exports. 
¶ Providing financial assistance for packaging, marketing, and infrastructure development. 
¶ Organizing pre-clearance programs and facilitating international market access. 
¶ Conducting surveys, training, and publishing trade statistics. 
¶ Promoting export-oriented production and sustainability in agricultural exports. 

 

15. Nano Sulphur 
Context: TERI scientists have developed nano sulphur that significantly boosts mustard yield by 30ς40%, 
ƻŦŦŜǊƛƴƎ ŀ ǾƛŀōƭŜ ǎƻƭǳǘƛƻƴ ǘƻ LƴŘƛŀΩǎ ŎƘǊƻƴƛŎ ƭƻǿ ƻƛƭǎŜŜŘ ǇǊƻŘǳŎǘƛǾƛǘȅΦ 
 
About Nano Sulphur: 
What is Nano Sulphur? 
¶ A nano-formulation of sulphur applied via foliar spray to improve nutrient uptake and crop yield. 
¶ It uses plant-growth promoting bacteria for eco-friendly, enzyme-driven nutrient delivery. 

Developed by: The Energy and Resources Institute (TERI). 
Key Features: 
¶ Enhances yield: Boosts mustard production by 30ς40% (up to 3.7 tonnes/ha). 
¶ Increases oil content: Raises oil content by 28ς30%. 
¶ Replaces 50% traditional sulphur: Cuts input cost and dependency on bulky sulphur fertilisers. 
¶ Efficient absorption: 90ς100% availability through foliar application vs. 10ς15% in conventional forms. 
¶ Non-leaching: Prevents nutrient loss in sandy or compact soils. 

Significance: 
¶ Economic gain: CŀǊƳŜǊǎ Ŏŀƴ ŜŀǊƴ ǳǇ ǘƻ мнΣлллκŀŎǊŜ ƛƴ ŀŘŘƛǘƛƻƴŀƭ ǊŜǾŜƴǳŜΦ 
¶ Soil health: Addresses sulphur deficiency in 41ς45% of Indian soils, especially in major oilseed-

producing states (MP, Gujarat, Maharashtra, Andhra Pradesh). 
¶ Sustainability: Completely green formulation with biological agents, unlike chemical-based nano urea 

or 
¶ Supports self-sufficiency: Offers a sustainable alternative to GM crops like DMH-11 without regulatory 

hurdles. 
 

Syllabus: Awareness in the fields of IT, Space, Computers, robotics, nano-technology, bio-technology 
and issues relating to IPR 
16. ZooWIN Portal 
Context: The Union Health Ministry recently launched the ZooWIN portal to monitor the availability of anti-
rabies and anti-snake venom vaccines in real time. 
 
About ZooWIN Portal: 
¶ ZooWIN (Zoonoses-WIN) is a digital portal to monitor stocks of Anti-Rabies Vaccine (ARV) and Anti-

Snake Venom (ASV) across India. 
¶ It ensures better coordination among healthcare systems, especially in rural and underserved areas. 

 
Developed By: 
¶ The portal is developed by the National Centre for Disease Control (NCDC) under the Ministry of 

Health and Family Welfare (MoHFW). 
¶ It is technically supported by the United Nations Development Programme (UNDP). 

Aim of ZooWIN: 
¶ To strengthen the prevention, control, and treatment of zoonotic diseases like rabies and snakebite. 
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¶ To ensure real-time visibility of vaccine stocks for timely availability and distribution. 
 
Key Features of ZooWIN: 
¶ Real-Time Tracking: Enables real-time data on vaccine availability using eVIN and U-WIN architecture. 
¶ Health Facility Locator: Helps users locate the nearest health centre stocked with ARV or ASV. 
¶ Follow-Up Tracking: Tracks patients for post-exposure prophylaxis (PEP) to ensure full treatment 

adherence. 
¶ Integration with One Health Approach: Supports the National Action Plan for Snakebite Envenoming 

(NAPSE), targeting 50% reduction in deaths by 2030. 
¶ Public Helpline Service: Operates helpline 15400 in pilot states for awareness and treatment guidance. 
¶ Pilot Rollout: The platform is being piloted in Delhi, Madhya Pradesh, Assam, Puducherry, and Andhra 

Pradesh. 
 

17. World Pandemic Treaty 
Context: After over three years of negotiations, WHO Member States finalised the draft World Pandemic 
Treaty to boost global pandemic preparedness. 
 
About World Pandemic Treaty: 
¶ What it is? 

o A legally binding international instrument aimed at strengthening global response to future 
pandemics. 

¶ Developed by: Negotiated by the Intergovernmental Negotiating Body (INB), constituted under WHO 
in December 2021. 

¶ Aim: To improve pandemic prevention, preparedness, and equitable response, using a One Health 
approach involving human, animal, and environmental health. 

¶ Key Features: 
o Establishes pathogen access and benefit-sharing systems. 
o Strengthens global supply chains and logistics for health emergencies. 
o Promotes technology and knowledge transfer for vaccines, diagnostics, and therapeutics. 
o Mobilises skilled global health workforce and supports geographically balanced R&D 

capacities. 
o Respects national sovereignty τ does not allow WHO to mandate lockdowns, travel bans, or 

vaccines. 
 
About the World Health Organization (WHO): 
¶ Established in: 1948, as a specialized agency of the United Nations focusing on international public 

health. 
¶ Headquarters: Based in Geneva, Switzerland. 

Core Objectives: 
¶ Promote universal health coverage. 
¶ Combat disease outbreaks, ensure health security, and advance public well-being. 
¶ Support countries in policy development, emergency preparedness, and health system strengthening. 

Governance Structure: 
¶ World Health Assembly (WHA): Highest decision-making body; meets annually. 
¶ Secretariat: 9ȄŜŎǳǘŜǎ ²I!Ωǎ ŘŜŎƛǎƛƻƴǎ ǳƴŘŜǊ ǘƘŜ Director-General. 
¶ Regional Offices: Six regional offices coordinate implementation (e.g., South-East Asia, Africa). 

Funding Mechanism: 
¶ Assessed contributions: Mandatory membership dues. 
¶ Voluntary contributions: Additional funding from countries, UN bodies, private sector, and 

philanthropies. 
 

18. RNA Silencing Technology 
Context: Researchers at Martin Luther University, have developed a highly effective RNA-based antiviral agent 
against cucumber mosaic virus (CMV), offering strong defence for crops. 
About Cucumber Mosaic Virus (CMV): 
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¶ What It Is: CMV is a widespread and devastating plant virus affecting over 1,200 plant species including 
food and medicinal crops. 

¶ Caused By: Transmitted primarily by sap-sucking aphids; nearly 90 species of aphids can spread CMV. 
¶ Impact on Plants: Causes mosaic discoloration, stunted growth, malformed fruits, and severe yield loss 

(up to 70% in cucurbits). 
¶ India and CMV: In India, CMV causes 25ς30% banana crop loss and up to 70% infection in pumpkins, 

melons, and cucumbers. 
 
About RNA Silencing Technology: 
What It Is? RNA silencing is a natural immune mechanism in plants where double-stranded RNA (dsRNA) 
triggers the production of small interfering RNAs (siRNA) to degrade viral RNA and stop infection. 
How It Works? 

o When a virus infects a plant, it releases double-stranded RNA. The plant detects this as a 
danger signal. 

o Special enzymes called Dicer-like enzymes then cut the dsRNA into small pieces called siRNA. 
o ¢ƘŜǎŜ ǎƛwb!ǎ ƘŜƭǇ ǘƘŜ Ǉƭŀƴǘ ƛŘŜƴǘƛŦȅ ŀƴŘ ŘŜǎǘǊƻȅ ǘƘŜ ǾƛǊǳǎΩǎ wb!Φ 

 
Types of RNA-Based Protection: 
Host-Induced Gene Silencing (HIGS): 
¶ Plants are genetically modified to produce virus-specific dsRNA internally. 
¶ Offers continuous, lifelong protection but faces regulatory hurdles and higher costs. 

Spray-Induced Gene Silencing (SIGS): 
¶ External application of dsRNA sprays without genetic modification. 
¶ More flexible, environment-friendly, and cost-effective. 

RNA Silencing Counters CMV: 
¶ {ŎƛŜƴǘƛǎǘǎ ŘŜǎƛƎƴŜŘ άeffective dsRNAέ ŜƴǊƛŎƘŜŘ ǿƛǘƘ ǇƻǘŜƴǘ ǎƛwb! ǘŀǊƎŜǘƛƴƎ /a±Ωǎ ƎŜƴŜǘƛŎ ǿŜŀƪ ǇƻƛƴǘǎΦ 
¶ Enhanced immunity led to 80% lower viral loads and near-complete protection in lab experiments. 

Significance: 
¶ Precision targeting of virus genomes prevents viral mutation and resistance. 
¶ Broader application potential for other viral, fungal, and bacterial plant pathogens. 
¶ Paves way for eco-friendly, GMO-free crop protection technologies. 

 
 

19. Vibe Coding 
Context: ¢ƘŜ ǘŜǊƳ άǾƛōŜ ŎƻŘƛƴƎέ ƎŀƛƴŜŘ ǇƻǇǳƭŀǊƛǘȅ ŀŦǘŜǊ OpenAI co-founder showcased how AI tools can write 
code based on intuitive user prompts, removing the need for deep technical involvement. 
 
About Vibe Coding: 
¶ What is Vibe Coding? 

o A casual, intuition-driven method of coding where users prompt AI tools to generate code 
instead of writing it manually. 

o It emphasizes άŦŜŜƭƛƴƎ ǘƘŜ ǾƛōŜǎέ over structured programming logic, making it ideal for low-
risk, creative, or personal projects. 

¶ How Does It Work? 
o Users provide text-based prompts describing the functionality they want (e.g., building a 

simple app, game, or website). 
o AI tools like ChatGPT, Cursor, or Sonnet then generate the code. 
o Users copy, paste, and run the code without needing deep understanding of the syntax or logic. 

¶ Key Characteristics: 
o Prompt-based development rather than logic-based structuring. 
o Limited understanding of efficiency, security, or performance of the output code. 
o High reliance on AI-generated responses for debugging and problem-solving. 
o Often involves trial and error ƻǊ άŀŎŎŜǇǘ ŀƭƭέ ŎƘŀƴƎŜǎ ǿƛǘƘƻǳǘ ǊŜǾƛŜǿƛƴƎΦ 

¶ Significance of Vibe Coding: 
o Makes coding accessible to beginners without technical background. 
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o Encourages experimentation and creativity in tech-based personal projects. 
o Enables developers to automate minor tasks, focusing on complex issues. 
o Useful for prototyping, small utilities, or weekend coding hacks. 
o Sparks interest in programming among non-traditional learners. 

 

20. 3D Printing 
Context: WŀǇŀƴΩǎ ²Ŝǎǘ WŀǇŀƴ wŀƛƭǿŀȅ /ƻƳǇŀƴȅ ǳƴǾŜƛƭŜŘ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ 3D-printed train station in Arida city. 
The new Hatsushima station was built in under six hours, showcasing cutting-edge construction innovation. 
 
About 3D Printing: 
¶ What is 3D Printing? 

o 3D Printing or Additive Manufacturing is a technique of creating three-dimensional objects by 
layering materials based on a digital model. 

o Unlike traditional manufacturing (subtractive), it adds material layer by layer, reducing waste 
and allowing intricate designs. 

How 3D Printing Works? 
¶ Design: The process begins with a 3D digital model created using CAD software, saved in formats like. 

STL or .OBJ. 
¶ Slicing: Slicing software divides the digital model into hundreds or thousands of horizontal layers. 
¶ Printing: The 3D printer deposits material layer by layer, following the sliced instructions. Each layer 

solidifies quickly, gradually forming the final object. 
¶ Post-Processing: Once printing is complete, the object undergoes finishing like curing, sanding, or 

painting. 
¶ Types of 3D Printing Technologies: 

o Fused Deposition Modelling (FDM): This method extrudes melted thermoplastic filaments 
layer by layer to build the object. 

o Selective Laser Sintering (SLS): Uses lasers to fuse powdered materials (plastics, metals) into 
solid structures. 

o Direct Metal Laser Sintering (DMLS): A laser fuses metal powders layer-by-layer to create 
durable metal parts. DMLS is extensively used in aerospace and medical industries. 

o Material Jetting: Photopolymer droplets are jetted onto a surface and cured using UV light. It 
allows high accuracy and is useful for colorful and detailed prototypes. 

¶ Limitations of 3D Printing: 
o Material Limitations: Only select plastics, metals, or composites work with specific printers. 

This restricts its use across many conventional manufacturing areas. 
o Size Constraints: Printers have limited build volumes; large items need to be printed in parts. 

These parts then require assembly, which increases complexity. 
o Structural Weakness: Layer-by-layer bonding may lead to delamination or weak joints under 

stress. This limits usage for heavy-duty or high-pressure applications. 
o Intellectual Property Issues: Easily shareable digital designs increase the risk of counterfeit 

products. 
 

21. Vehicle-to-Grid (V2G) Technology 
Context: The Kerala State Electricity Board (KSEB) and IIT Bombay have launched a pilot project to explore 
Vehicle-to-DǊƛŘ ό±нDύ ǘŜŎƘƴƻƭƻƎȅΣ ŀƛƳƛƴƎ ǘƻ ƛƴǘŜƎǊŀǘŜ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜǎ ό9±ǎύ ƛƴǘƻ ǘƘŜ {ǘŀǘŜΩǎ ǇƻǿŜǊ ƎǊƛŘ ŦƻǊ 
enhanced renewable energy management. 
 
About Vehicle-to-Grid (V2G) Technology: 
¶ What is V2G Technology? 

o Definition: V2G (Vehicle-to-Grid) is a system where Electric Vehicles (EVs) communicate with 
the power grid to return stored energy, enabling two-way electricity flow. 

o Developed by: The concept was first proposed in the late 1990s by Dr. Willett Kempton and 
researchers at the University of Delaware. 

¶ How does V2G Work? 
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o Grid to Vehicle (G2V): EVs charge from the grid when electricity demand is low or renewable 
generation is high. 

o Vehicle to Grid (V2G): When parked and connected, EVs can discharge power back to the grid 
during peak demand hours through bi-directional chargers. 

o Smart Charging: Utilizes Time-of-Use (ToU) pricing to optimize charging during renewable 
energy surplus times and discharging during grid shortages. 

¶ Significance of V2G Technology 
o Grid Stability: Supports grid balance by acting as distributed energy storage, especially during 

renewable energy fluctuations. 
o Boosts Renewable Energy Use: Stores surplus solar and wind power for nighttime or cloudy 

periods. 
o Energy Resilience: EVs can serve as emergency power sources during disasters. 
o Economic Incentives: EV owners can earn by supplying electricity back to the grid, seen in 

models across Europe and the U.S. 
o Decarbonization Push: Helps India align with its net-zero carbon emission target by 2070 by 

reducing reliance on fossil fuels for electricity needs. 
 

22. Technology and Innovation Report 2025 
Context: India has been ranked 10th globally in private AI investments and 36th in readiness for frontier 
technologies, as per the UNCTAD Technology and Innovation Report 2025. 
 
About Technology and Innovation Report 2025: 
¶ What is It? 

o The Technology and Innovation Report 2025 is a global analytical report that evaluates how 
countries are prepared for and investing in frontier technologies, including AI, robotics, IoT, 
and biotechnology. 

¶ Published by: UNCTAD ς United Nations Conference on Trade and Development 
¶ Aim of the Report: 

o To assess national readiness for adopting frontier and emerging technologies. 
o To provide policy insights for inclusive tech-driven development. 
o To track private investments, R&D, and innovation capabilities across countries. 

 
!ōƻǳǘ LƴŘƛŀΩǎ Performance in the Report: 
¶ Global Ranking in AI Investment (2023): 

o India ranks 10th worldwide in private Artificial Intelligence investments. 
o Received $1.4 billion in AI funding in 2023. 
o Only developing countries with significant AI investments: India and China. 

·        Frontier Technologies Readiness Index (2024): 
o India ranks 36th out of 170 countries, improving from 48th in 2022. 
o Reflects progress in policy support, human capital, and industrial capacity. 

¶ Component-wise Rankings: 
o ICT Access: Rank 99 
o Skills Development: Rank 113 
o R&D Activity: Rank 3 (Global top performer) 
o Industrial Capacity: Rank 10 
o Access to Finance: Rank 70 

¶ AI Research & Innovation Strength: India listed among countries with strong AI scientific output 
alongside China, Germany, UK, and the US. 

¶ LƴŘƛŀΩǎ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ {ǘǊŜƴƎǘƘ !ǊŜŀǎΥ 
o India shows specialisation in nanotechnology, per patent share analysis. 
o Listed among outperforming developing economies like Brazil and Philippines in digital 

readiness. 
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23. Future Circular Collider 
Context: CERN has unveiled the final blueprint for the Future Circular Collider (FCC) to succeed the Large 
Hadron Collider (LHC). 
 
About Future Circular Collider (FCC): 
What is it? A proposed next-generation particle collider by CERN to replace the existing 27-km LHC. Envisioned 
as a 91-kilometre underground circular tunnel designed for high-energy proton and heavy ion collisions. 
Proposed by: /9wb ό9ǳǊƻǇŜŀƴ hǊƎŀƴƛȊŀǘƛƻƴ ŦƻǊ bǳŎƭŜŀǊ wŜǎŜŀǊŎƘύΣ ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ ǇŀǊǘƛŎƭŜ ǇƘȅǎƛŎǎ ǊŜǎŜŀǊŎƘ 
institute. 
 
Location: 
¶ Will span the French-Swiss border, including areas beneath Lake Geneva. 
¶ Planned at a depth of around 200 metres, with a tunnel diameter of 5 metres. 

Need and Aim: 
¶ Enhance precision in exploring known physics, especially the Higgs boson. 
¶ Unlock deeper insights into dark matter, supersymmetry, and the early universe. 
¶ Achieve 10 times more energy than the LHC, enabling discovery of heavier particles. 

 
Key Features: 
o Phased Development: 

1. Phase I (2040s): Focus on precision studies of Standard Model particles. 
2. Phase II (2070): High-energy proton and heavy ion collisions to explore unknown physics. 

o Scientific Potential: Aims to unlock breakthroughs in quantum field theory, vacuum dynamics, and subatomic 
structures. 
o Technological Advancements: Expected to spur innovation in cryogenics, superconducting magnets, and 
vacuum technologies. 
o International Collaboration: Backed by 24 member countries (including Israel), with a funding decision due in 
2028, estimated at 14 billion Swiss Francs. 
o Strategic Vision: CƛƴŀƭƛȊŜŘ ŀŦǘŜǊ ŜǾŀƭǳŀǘƛƴƎ мллҌ ŘŜǎƛƎƴ ǎŎŜƴŀǊƛƻǎΣ ǊŜŀŦŦƛǊƳƛƴƎ /9wbΩǎ ƭŜŀŘŜǊǎƘƛǇ ƛƴ Ǝƭƻōŀƭ 
fundamental physics research. 
 
 

24. STELLAR Model 
Context: The Central Electricity Authority (CEA) launched STELLARΣ LƴŘƛŀΩǎ ŦƛǊǎǘ Ŧǳƭƭȅ ƛƴŘƛƎŜƴƻǳǎ ǊŜǎƻǳǊŎŜ 
adequacy model, aimed at optimizing electricity generation, transmission, and storage planning across states. 
 
About STELLAR Model: 
¶ What it is? 

o STELLAR (State of the art Totally indigenously developed Resource adequacy model) is a next-
gen software tool for integrated planning of power generation, transmission, storage, and 
demand response. 

¶ Developed by: Central Electricity Authority (CEA) in collaboration with 
The Lantau Group (TLG) and supported by the Asian Development 
Bank (ADB). 

¶ Aim: To help states and power distribution companies (Discoms) 
prepare annual dynamic resource adequacy plans, ensuring 
uninterrupted power supply and system-wide efficiency. 

 
Key Features of STELLAR: 

o Chronological Power System Modelling: Simulates real-time power system operations with 
load flow, ramp rates, and unit constraints. 

o Integrated Planning: Simultaneously models generation, transmission, storage expansion, and 
demand-side response till FY 2034-35. 

o Endogenous Demand Response: Considers consumer flexibility in electricity use, optimizing 
overall load and cost. 
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o Ancillary Services Optimization: Ensures grid stability by factoring in services like frequency 
control and reserves. 

o Transparent, Customizable, and Open Access: Shared with all states free of cost; designed for 
regular updates and user feedback. 

 
Significance: 

o Zero Load Shedding: Assures uninterrupted electricity supply with right-sized capacity. 
o Cost-Efficient Power System: Enables least-cost planning while incorporating storage and 

renewable integration. 
o Strategic Storage Planning: Helps determine ideal storage size and placement, vital for 

renewable energy growth. 
o Policy-Technology Synergy: Supports the 2023 Resource Adequacy Guidelines, aligning state 

planning with national goals. 
o Atmanirbhar Bharat in Energy Tech: wŜǇǊŜǎŜƴǘǎ LƴŘƛŀΩǎ ŎŀǇŀōƛƭƛǘȅ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ƘƛƎƘ-end 

energy simulation tools indigenously. 
 

25. Thorium-based Small Modular Reactor 
Context: aŀƘŀǊŀǎƘǘǊŀ ǎƛƎƴŜŘ ŀƴ aƻ¦ ǿƛǘƘ wǳǎǎƛŀΩǎ ROSATOM to jointly develop a thorium-based Small 
Modular Reactor (SMR) τ a first-of-its-kind initiative by an Indian state in nuclear energy. 
 
About Thorium-Based Small Modular Reactor 
(SMR): 
¶ What is it? 

o A Small Modular Reactor (SMR) is a 
compact, scalable nuclear reactor 
designed for safe, efficient, and 
flexible power generation. 

o Thorium-based SMRs utilise 
Thorium-232, a fertile material, to 
generate Uranium-233 fuel through 
transmutation. 

¶ Institutions Involved: MAHAGENCO (Maharashtra State Power Generation Company Ltd) and 
wh{!¢ha όwǳǎǎƛŀΩǎ {ǘŀǘŜ !ǘƻƳƛŎ 9ƴŜǊƎȅ /ƻǊǇƻǊŀǘƛƻƴύΦ 

 
Key Features of Thorium-Based Small Modular Reactor (SMR): 

o Fuel Type ς Thorium-нон Ҧ Uranium-233: Uses thorium, which converts into Uranium-233 
through nuclear reaction for clean energy. 

o Modular Design: SMRs are built in small units, allowing phased and cost-effective deployment. 
o Compact Size: Suitable for remote and smaller regions due to its small footprint and setup 

ease. 
o Passive Safety Systems: Designed to shut down automatically in emergencies, reducing 

accident risks. 
o Regulatory Compliance: Follows Indian nuclear safety norms under AERB and Central 

guidelines. 
 
Significance: 

o Thorium Abundance: LƴŘƛŀ Ƙŀǎ нр҈ ƻŦ ǿƻǊƭŘΩǎ ǘƘƻǊƛǳƳΣ Ƴŀƛƴƭȅ ƛƴ YŜǊŀƭŀ ŀƴŘ ¢ŀƳƛƭ bŀŘǳΣ 
offering energy independence. 

o Energy Security: Reduces dependency on imported uranium and enhances long-term fuel 
security. 

o Eco-Friendly Option: Produces less nuclear waste compared to conventional uranium reactors. 
o Decentralised Clean Power: Can provide electricity to off-grid or underserved areas in a clean 

and reliable way. 
o State-Level Innovation: Maharashtra becomes the first state to enter nuclear space, 
ǎǳǇǇƻǊǘƛƴƎ ΨaŀƪŜ ƛƴ LƴŘƛŀΩΦ 
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Limitations: 

o No Operational Reactor Yet: Thorium-based SMRs are still in testing phase with no active 
deployment worldwide. 

o Needs Central Approval: Nuclear energy ƛǎ ǳƴŘŜǊ /ŜƴǘǊŀƭ ŘƻƳŀƛƴΤ ǎǘŀǘŜǎ ŎŀƴΩǘ ƛƳǇƭŜƳŜƴǘ ƛǘ 
independently. 

o High Setup Cost: Building reactors and safety infrastructure needs large investment and time. 
o Weak Fuel Cycle Infra: India lacks full reprocessing systems for thorium; tech is still under 

development. 
o Public Fear of Nuclear: Safety concerns and nuclear accidents in the past may affect public 

acceptance. 
 

26. CSIR-IMMT (Institute of Minerals and Materials Technology) 
Context: CSIR-Laa¢ ǎƛƎƴŜŘ ǘǿƻ Wƻƛƴǘ 5ŜŎƭŀǊŀǘƛƻƴǎ ƻŦ LƴǘŜƴǘ ǿƛǘƘ wǳǎǎƛŀΩǎ DƛǊŜŘƳŜǘΣ wƻǎŀǘƻƳΣ ŀƴŘ b¦{¢ aL{L{ 
to collaborate on critical mineral processing and sustainable resource development. 
 
About CSIR-IMMT (Institute of Minerals and Materials Technology): 
What it is: 
¶ CSIR-IMMT (Institute of Minerals and Materials Technology) is a premier research 

institute under the Council of Scientific and Industrial Research (CSIR), New Delhi. 
¶ It specializes in mineral and material resource engineering and sustainable 

resource development. 
 
Founded on: 13 April 1964 (as Regional Research Laboratory, Bhubaneswar) 
Renamed: CSIR-IMMT in 2007 to align with a renewed focus on advanced mineral processing research. 
Headquarters: Located in Bhubaneswar, Odisha, India. 
Objectives: 

¶ To develop innovative, sustainable mineral and material processing technologies. 

¶ To support industries in achieving zero-waste mining and promoting resource efficiency. 

¶ To ensure the socio-economic benefits of mineral exploitation while protecting the environment. 
Functions: 

¶ Conducts basic and applied research in mining, minerals, metallurgy, and material sciences. 

¶ Provides consultancy services and technology transfer to industries through Public-Private 
Partnerships (PPP). 

¶ Focuses on critical mineral technologies, advanced material processing, and zero-waste mining 
practices. 

 
Significance of Recent Pact: 
¶ {ǘǊŜƴƎǘƘŜƴǎ LƴŘƛŀΩǎ Critical Mineral Ecosystem: /ǊƛǘƛŎŀƭ ŦƻǊ LƴŘƛŀΩǎ !ǘƳŀƴƛǊōƘŀǊ .ƘŀǊŀǘ ŀƴŘ ±ƛƪǎƛǘ 

Bharat visions. 
¶ Enhances Technological Capability: Joint research in process metallurgy and sustainable resource 
ƳŀƴŀƎŜƳŜƴǘ ǿƛǘƘ wǳǎǎƛŀΩǎ ǇǊŜƳƛŜǊ ƛƴǎǘƛǘǳǘŜǎΦ 

¶ Promotes Global Collaboration: Positions India as a key player in critical mineral technology 
innovations at the global level. 

¶ Supports Green Transition: Sustainable mineral resource development is crucial for clean energy 
technologies like EVs and solar power. 

 
 

27. 3D Microscope 
Context: The Army Hospital (Research and Referral), New Delhi, used a 3D microscope for the first time in India 
for minimally invasive glaucoma surgery. 
 
About Microscope: 
¶ What It Is? 
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o A microscope is an instrument used to magnify small objects, enabling visualization beyond the 
ƴŀƪŜŘ ŜȅŜΩǎ ƭƛƳƛǘΦ 

¶ Science Working Principle: 
o Operates by refraction, diffraction, or digital imaging of light or electrons to magnify samples. 
o Lenses or sensors focus light or electrons to create an enlarged image of tiny structures. 

¶ Types: 
o Optical Microscope: Uses visible light and glass lenses. 
o Electron Microscope: Uses beams of electrons (e.g., TEM, SEM). 
o Digital Microscope: Captures and displays digital images. 
o 3D Microscope: Provides three-dimensional visualization across different depths. 

 
About 3D Microscope: 
What It Is? 
A 3D digital microscope 
captures multiple focal 
planes, creating a three-
dimensional, high-resolution 
image of the sample. 
 
How It Works: 
Utilizes special 3D 
polarisation glasses and a 
55-inch 4K Ultra-HD display. 
 
Scans several focal layers to 
reconstruct a detailed, 
spatial 3D model. 
 
Reduces light exposure 
needs, thus minimizing 
photo-toxicity during 
surgeries. 
Features: 
Enhanced precision: Improved visibility across tissue layers. 
Lower complication rates: Reduces surgical errors and operating time. 
Surgeon satisfaction: High comfort during complex or uncommon procedures. 
Eco-friendly: Less power usage and lower patient photo-exposure risks. 
 
 

28. National Industrial Corridor Development Corporation (NICDC) 
Context: The National Industrial Corridor Development Corporation (NICDC) was honoured with the Udyog 
Vikas Award for its outstanding contribution to developing Greenfield Industrial Smart Cities. 
 
About National Industrial Corridor Development Corporation (NICDC): 
¶ What it is: bL/5/ ƛǎ LƴŘƛŀΩǎ ǇǊŜƳƛŜǊ ƎƻǾŜǊƴƳŜƴǘ ōƻŘȅ ŦƻǊ ǇƭŀƴƴƛƴƎΣ ŘŜǾŜƭƻǇƛƴƎΣ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ 

industrial corridors and smart cities to boost manufacturing and logistics. 
¶ Established in: 2007, initially under the Delhi-Mumbai Industrial Corridor Development Corporation 

(DMICDC) and later expanded as NICDC. 
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¶ Ministry: Ministry of Commerce and Industry, Government of India. 
¶ Objectives: 

o Develop futuristic industrial cities integrated with smart 
technologies. 

o Create globally competitive manufacturing hubs. 
o Foster industrial investments, innovation, and regional economic 

growth. 
o {ǳǇǇƻǊǘ LƴŘƛŀΩǎ Ǿƛǎƛƻƴ ƻŦ ōŜŎƻƳƛƴƎ ŀ Ǝƭƻōŀƭ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇƻǿŜǊƘƻǳǎŜΦ 

¶ Functions: 
o Develop and manage industrial corridors like Delhi-Mumbai Industrial 

Corridor, Chennai-Bengaluru Industrial Corridor, Amritsar-Kolkata 
Industrial Corridor and Bengaluru-Mumbai Industrial Corridor. 

o Coordinate infrastructure planningτtransport, logistics, utilities, and 
ITτacross sectors. 

o Implement multimodal connectivity to enhance access and reduce 
logistics costs. 

o Facilitate public-private partnerships (PPP) for faster project execution. 
o Act as a catalyst for employment generation and socio-economic development 

 
 

29. /Ƙŀ{¢9 ό/ƘŀƴŘǊŀΩǎ {ǳǊŦŀŎŜ ¢ƘŜǊƳƻǇƘȅǎƛŎŀƭ 9ȄǇŜǊƛƳŜƴǘύ 
Context: ChaSTE became the first instrument ever to successfully penetrate and measure temperature 
beneath the surface of any celestial bodyΣ ǇǊƻǾƛŘƛƴƎ ǾŀƭǳŀōƭŜ ǘƘŜǊƳŀƭ Řŀǘŀ ŦǊƻƳ ǘƘŜ aƻƻƴΩǎ ǎƻǳǘƘ ǇƻƭŜ ŘǳǊƛƴƎ 
the Chandrayaan-3 mission. 
 
!ōƻǳǘ /Ƙŀ{¢9 ό/ƘŀƴŘǊŀΩǎ {ǳǊŦŀŎŜ ¢ƘŜǊƳƻǇƘȅǎƛŎŀƭ 9ȄǇŜǊƛƳŜƴǘύΥ 
¶ What is ChaSTE? 

o An indigenous thermal probe onboard Chandrayaan-оΩǎ Vikram lander. 
o Developed by Physical Research Laboratory (PRL), Ahmedabad and Space Physics Laboratory 

(SPL), VSSC, Trivandrum. 
o It performs in-situ measurement of temperature and thermal conductivity of lunar soil. 

 
¶ How Does It Work? 

o Rotary deployment mechanism pushes a probe with 
10 sensors into the lunar surface. 

o Measures temperature variations at 1 cm intervals 
up to 10 cm depth. 

o Uses motor torque and resistance feedback to 
determine penetration depth. 

o Operated from August 23 to September 2, 2023, on 
aƻƻƴΩǎ ǎƻǳǘƘ ǇƻƭŜΦ 

¶ Aim of ChaSTE: 
o Determine vertical temperature gradient on the Moon. 
o Assess thermophysical properties of lunar regolith at high-latitude regions. 
o Support detection of water ice and sub-surface composition. 

¶ Key Features: 
o First-of-its-kind rotary-based deployment (unlike hammering used by earlier failed missions). 
o First mission to successfully deploy thermal probe on another celestial body. 
o Provides crucial data for future lunar missions and ISROΩǎ !ǊǘŜƳƛǎ ŎƻƭƭŀōƻǊŀǘƛƻƴ Ǝƻŀƭǎ. 
o Helps assess suitability of lunar polar regions for potential human settlement. 

¶ Timeline & Background: 
o Flight model ready in 2017 (for Chandrayaan-2, later adapted for Chandrayaan-3). 
o Part of L{whΩǎ /ƘŀƴŘǊŀȅŀŀƴ-3, launched July 14, 2023, landed August 23, 2023. 
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30. Project Kuiper: Satellite-Internet Constellation 
Context: Amazon launched the first 27 satellites of Project Kuiper via the Atlas V rocket from Cape Canaveral, 
USA. 
About Project Kuiper: 
¶ What is it? 

o A satellite-based broadband initiative by Amazon to provide high-speed internet globally via 
Low Earth Orbit (LEO) satellites. 

¶ Organisation Involved: Amazon 
¶ Key Features: 

o Global Satellite Network: 3,232 satellites in low orbit (630 km) for fast, low-latency 
internet worldwide 

o Speed Options for All Needs: 100 Mbps (homes), 400 Mbps (schools/hospitals), and 1 
Gbps (governments/large orgs) 

o Life-Changing Connectivity: 
Powers education (e-learning), 
healthcare (telemedicine), businesses 
& emergency services in unreachable 
zones 

¶ Other Global Satellite-Based Internet 
Networks 

o Starlink (SpaceX): Over 6,000 satellites 
launched; aims for 40,000+. 

o OneWeb: 648 satellites planned 
(UK/India collaboration). 

o Telesat Lightspeed: 298 satellites by 
Canada. 

o /ƘƛƴŀΩǎ DǳƻǿŀƴƎΥ 13,000+ satellites under planning. 
About Satellite-Internet Constellation: 
¶ What is a Satellite-Internet Constellation? 

o A satellite constellation is a group of satellites working in coordination to provide seamless 
internet coverage worldwide. 

¶ How Satellite Internet Works? 
o Satellites in Orbit: Hundreds of small satellites fly in Low Earth Orbit (LEO, 500-2,000 km up), 

moving in sync to cover the globe. 
o Ground Stations: Earth-based stations send and receive signals between users and satellites. 
o Satellite Links: Satellites talk to each other using lasers or radio waves (inter-satellite links) for 

seamless data transfer. 
o Smart Data Routing: AI manages traffic, choosing the fastest path to avoid delays. 

¶ Key Features 
o Low Latency (20-40 ms): Much faster than old geostationary satellites (600+ ms), good for 

video calls and gaming. 
o Global Coverage: Works in remote areas like deserts, oceans, and mountains. 
o Backup Connections: If one satellite fails, others take over, reducing outages. 

¶ Technical Details: 
o Frequency Bands: 

Á Ka-band ς Fast speeds but weak in rain. 
Á Ku-band ς Balanced speed and reliability. 
Á C-band ς Slower but works in bad weather. 
Á V-band (Experimental) ς Super-fast but easily blocked. 

o Adaptive Coding & Modulation (ACM) ς Adjusts signal strength based on weather conditions. 
¶ Limitations: 

o Expensive: Launching satellites is costly, and user dishes are pricier than regular broadband. 
o Weather Problems: Heavy rain or storms can weaken signals (especially Ka/V-band). 
o Space Junk Risk: Thousands of satellites increase collision risks, creating more debris. 
o Hurts Astronomy: Bright satellites interfere with telescopes, making it harder to study space. 
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31. Biomass Satellite Mission 
Context: The European Space Agency (ESA) will launch the Biomass satellite mission in end of April, 2025, 
aboard the Vega C rocket. 
 
About Biomass Satellite Mission: 
¶ What is the Biomass Mission? 

o .ƛƻƳŀǎǎ ƛǎ 9{!Ωǎ seventh Earth Explorer satellite mission under its climate and Earth systems 
programme. 

o It will map global forests and measure carbon levels to assess forest health and its role in the 
carbon cycle. 

¶ Organisation Involved: 
o The European Space Agency (ESA) leads the mission, 

with collaboration from researchers across Europe. 
o The launch will take place from French Guiana using 

Vega CΣ 9{!Ωǎ ǎŀǘŜƭƭƛǘŜ ƭŀǳƴŎƘŜǊΦ 
¶ Aim of the Mission: 

o To quantify forest biomass and carbon content from 
space using radar. 

o To generate accurate 3D models of forest structures and track changes in biomass over time. 
¶ Key Features of Biomass Mission 

o P-band SAR Technology: First satellite to use P-band Synthetic Aperture Radar with 70 cm 
wavelength for deep forest penetration. 

o 12-metre Radar Antenna: A large deployable antenna will scan forest canopies and ground 
biomass structures. 

o Carbon Flow Monitoring: Tracks carbon absorption and release, improving understanding of 
climate feedback loops. 

o Global Coverage: Covers tropical and boreal forests and monitors ice sheet movement and 
terrain models. 

o Sun-Synchronous Orbit: Operates at 666 km altitude, ensuring consistent lighting conditions 
for measurements. 

What is the Earth Explorer Programme? 
Lǘ ƛǎ 9{!Ωǎ research-driven satellite series ŘŜǎƛƎƴŜŘ ǘƻ ŜȄǇƭƻǊŜ 9ŀǊǘƘΩǎ ŘȅƴŀƳƛŎ ǎȅǎǘŜƳǎΦ 
¶ The first spacecraft the gravity field and steady-state Ocean Circulation Explorer (GOCE) mission took 

off in 2009 and worked till 2013. 
¶ The most recent one was the Earth Cloud Aerosol and Radiation Explorer (EarthCARE) mission, which 

was launched in May 2024 
 
 

32. Saturn and the Discovery of Its New Moons 
Context: !ǎǘǊƻƴƻƳŜǊǎ ƘŀǾŜ ŘƛǎŎƻǾŜǊŜŘ мну ƴŜǿ Ƴƻƻƴǎ ƻǊōƛǘƛƴƎ {ŀǘǳǊƴΣ ǘŀƪƛƴƎ ǘƘŜ ǇƭŀƴŜǘΩǎ ǘƻǘŀƭ ŎƻƴŦƛǊƳŜŘ 
moon count to 274 τ the highest for any planet in the solar system. 
 
About Saturn and the Discovery of Its New Moons: 
What is the Discovery? 
o A team of astronomers identified 128 new moons around Saturn using the 
Canada-France-Iŀǿŀƛƛ ¢ŜƭŜǎŎƻǇŜ ǿƛǘƘ ǘƘŜ άǎƘƛŦǘ ŀƴŘ ǎǘŀŎƪέ ǘŜŎƘƴƛǉǳŜΦ 
o These moons are officially recognized by the International Astronomical 
Union (IAU). 
 
{ŀǘǳǊƴΩǎ aƻƻƴ /ƻǳƴǘΥ 
ƻ ²ƛǘƘ ǘƘƛǎ ƭŀǘŜǎǘ ŘƛǎŎƻǾŜǊȅΣ {ŀǘǳǊƴ ƴƻǿ Ƙŀǎ нтп ŎƻƴŦƛǊƳŜŘ ƳƻƻƴǎΣ ǎǳǊǇŀǎǎƛƴƎ WǳǇƛǘŜǊΩǎ фр Ƴƻƻƴǎ ŀǎ ƻŦ нлнпΦ 
o These include both regular and irregular moons, with most new ones classified as irregular, small, and potato-
shaped. 
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How Are These Moons Formed? 
o Irregular orbits suggest they were captured asteroids or debris. 
o Clustering implies collisions and fragmentation of larger ancient moons. 
o Many may have formed due to violent impacts or gravitational capture during early solar system turbulence. 
 
Significance of the Discovery: 
ƻ wŜƛƴŦƻǊŎŜǎ {ŀǘǳǊƴΩǎ ǊƻƭŜ ŀǎ ǘƘŜ άaƻƻƴ YƛƴƎέ ƻŦ ǘƘŜ ǎƻƭŀǊ ǎȅǎǘŜƳΦ 
o Sheds light on the chaotic early evolution of the solar system. 
o Aids research on planetary formation, orbital dynamics, and ring systems. 
o Could refine the definition of what qualifies as a moon. 
o Offers potential leads into the origin of irregular satellite systems. 
 

33. b!{! /ǳǊƛƻǎƛǘȅ wƻǾŜǊ 5ƛǎŎƻǾŜǊǎ bŜǿ 9ǾƛŘŜƴŎŜ ƻŦ aŀǊǎΩ ²ŀǊƳ ŀƴŘ ²Ŝǘ tŀǎǘ 
Context: b!{!Ωǎ /ǳǊƛƻǎƛǘȅ ǊƻǾŜǊ Ƙŀǎ ŘƛǎŎƻǾŜǊŜŘ ǎƛŘŜǊƛǘŜ ƳƛƴŜǊŀƭ ŘŜǇƻǎƛǘǎ ƻƴ aŀǊǎΣ ƻŦŦŜǊƛƴƎ ŎǊǳŎƛŀƭ ŜǾƛŘŜƴŎŜ ƻŦ 
ǘƘŜ ǇƭŀƴŜǘΩǎ ǿŀǊƳŜǊΣ ǿŜǘǘŜǊΣ ŀƴŘ ƳƻǊŜ ƘŀōƛǘŀōƭŜ ŀƴŎƛŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘΦ 
 
About NASA Curiosity Rover 5ƛǎŎƻǾŜǊǎ bŜǿ 9ǾƛŘŜƴŎŜ ƻŦ aŀǊǎΩ 
Warm and Wet Past: 
¶ What is Curiosity Rover? 

o Curiosity Rover ƛǎ b!{!Ωǎ ŎŀǊ-sized robotic 
rover launched in 2011 under the Mars Science 
Laboratory mission to explore Gale Crater on 
Mars. 

o Lǘǎ ǇǊƛƳŀǊȅ Ǝƻŀƭ ƛǎ ǘƻ ǎǘǳŘȅ ǘƘŜ ǇƭŀƴŜǘΩǎ ŎƭƛƳŀǘŜΣ 
geology, and assess whether Mars ever had conditions suitable for microbial life. 

¶ Mission: b!{!Ωǎ Mars Science Laboratory (Curiosity Rover). 
¶ Launch: November 26, 2011. 
¶ Landing: August 6, 2012. 
¶ Key Place in News: 

o Curiosity explored Gale Crater, a 154-km wide impact basin featuring sedimentary layers and 
evidence of ancient water activity. 

o Rock samples were drilled at three locations between 2022 and 2023. 
¶ Major Discovery: Siderite Mineral 

o Siderite (iron carbonate) detected in sedimentary rocks. 
o Indicates Mars had a dense, carbon dioxide-rich atmosphere billions of years ago, essential for 

liquid water stability. 
o {ǳǇǇƻǊǘǎ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ǿŀǎ ƭƻŎƪŜŘ ƛƴ aŀǊǎΩ ŎǊǳǎǘ ŀǎ ƳƛƴŜǊŀƭǎ ŀŦǘŜǊ 

atmospheric thinning. 
¶ Significance of Discovery: 

o 9ȄǇƭŀƛƴǎ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ƳƛǎǎƛƴƎ ƭƛƴƪ ōŜǘǿŜŜƴ aŀǊǎΩ ŀƴŎƛŜƴǘ ƎǊŜŜƴƘƻǳǎŜ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǘƘŜ ƭŀŎƪ 
of widespread carbonate mineral evidence. 

o Highlights an imbalanced ancient carbon cycle ƻƴ aŀǊǎΣ ŎƻƴǘǊŀǎǘƛƴƎ 9ŀǊǘƘΩǎ ōŀƭŀƴŎŜŘ ŎȅŎƭŜ 
maintained by plate tectonics. 

o Offers a major clue toward understanding aŀǊǎΩ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƭƭŀǇǎŜ and current sterile 
conditions. 

 

34. James Webb Space Telescope 
Context: Scientists using the James Webb Space Telescope have detected possible biosignature gases Dimethyl 
Sulfide (DMS) and Dimethyl Disulfide (DMDS) in the atmosphere of exoplanet K2-18 b, suggesting a strong 
potential for microbial life. 
About Recent Discovery and Signs of Life on K2-18 b: 
¶ Discovery: Researchers detected Dimethyl Sulfide (DMS) and Dimethyl Disulfide (DMDS) τ gases on 

Earth typically produced by marine microorganisms τ in the atmosphere of K2-18 b. 
¶ Significance: 
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o These are the strongest indicators yet of potential life outside the 
solar system, representing a new era of observational 
astrobiology. 

o The planet, categorized as a hycean world (water-rich, hydrogen-
dominated atmosphere), might harbor microbial oceanic life. 

o Scientists caution that more observations are needed before 
confirming extraterrestrial life. 

 
About the James Webb Space Telescope (JWST) 
¶ What it is? 

o The James Webb Space Telescope is the largest and most 
advanced infrared space observatory ever built, designed to study the early universe, stars, 
galaxies, and exoplanet atmospheres. 

¶ Launched: December 25, 2021. 
¶ Developed by: NASA, in collaboration with ESA (European Space Agency) and CSA (Canadian Space 

Agency). 
¶ Key Features: 

o Size: Comparable to a tennis court with a 3-story height; built to fold origami-style to fit inside 
a rocket. 

o Sunshield: A giant silver sunshade protects instruments from solar heat, maintaining a 600°F 
temperature difference between its sides. 

o Infrared Vision: Captures heat signals invisible to the human eye, allowing observation through 
cosmic dust and the early universe. 

o Gold-Coated Mirrors: 18 hexagonal mirrors coated with gold enhance infrared reflection for 
clearer, deeper space imaging. 

 

35. Water Bears and Axiom ς 4 Mission 
Context: ISRO is set to send tardigrades (water bears) to the International Space Station as part of the Axiom-4 
ƳƛǎǎƛƻƴΣ ƳŀǊƪƛƴƎ LƴŘƛŀΩǎ ŦƛǊǎǘ ƘǳƳŀƴ ŜȄǇŜǊƛƳŜƴǘ ƛƴ ƳƛŎǊƻƎǊŀǾƛǘȅ ǳǎƛƴƎ ǘƘŜǎŜ ǊŜǎƛƭƛŜƴǘ ƳƛŎǊƻ-animals. 
 
About Water Bears and Axiom ς 4 Mission: 
¶ About Axiom-4 Mission: 

o What it is: A 14-day crewed mission to the 
International Space Station (ISS) under the Axiom Space 
program, involving research in microgravity biology, 
biotechnology, and sustainability. 

o Organizations Involved: Joint initiative by ISRO (India), 
NASA (USA), and ESA (Europe), with astronaut Group 
Captain Shubhanshu Shukla representing India. 

o Mission Objectives: 
Á Explore life science, space agriculture, and human physiological responses. 
Á Assess microbial resilience, muscle regeneration, and food growth in zero gravity. 
Á Contribute towards LƴŘƛŀΩǎ Gaganyaan Mission and future long-duration spaceflight. 

About Tardigrades (Water Bears): 
¶ What are Tardigrades? 

o Micro-animals also known as άǿŀǘŜǊ ōŜŀǊǎέ or άƳƻǎǎ ǇƛƎƭŜǘǎέ. 
o Size: Between 0.3 to 0.5 mm, visible only under a microscope. 

Á Discovered in 1773 by German zoologist Johann Goeze. 
¶ Key Characteristics: 

o Found in extreme habitats τ from polar ice caps to deep oceans. 
o Have eight legs with claws, segmented bodies, and tough outer skin. 
o Survive extreme conditions: vacuum of space, radiation, dehydration, and high/low 

temperatures. 
o Enter a cryptobiosis state (suspended animation) to survive harsh environments. 

¶ Importance of the Experiment: 
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o Voyager Tardigrades Experiment will study: 
Á Revival and reproduction in microgravity. 
Á Gene expression differences between space-exposed and Earth-bound groups. 

¶ Why it matters: 
o Helps uncover molecular mechanisms of resilience. 
o Can inform biotech innovations and astronaut protection strategies. 
o Supports bio-preservation techniques for long-duration missions. 

 
 

36. Dr. K. Kasturirangan 
Context: tǊƛƳŜ aƛƴƛǎǘŜǊ ƻŦ LƴŘƛŀ ŎƻƴŘƻƭŜŘ ǘƘŜ ǇŀǎǎƛƴƎ ƻŦ 5ǊΦ YΦ YŀǎǘǳǊƛǊŀƴƎŀƴΣ ŀ ǘƻǿŜǊƛƴƎ ŦƛƎǳǊŜ ƛƴ LƴŘƛŀΩǎ ǎǇŀŎŜ 
and education sectors, who passed away at the age of 84. 
About Dr. K. Kasturirangan: 
¶ Who he was? 

o Eminent astrophysicist and former Chairman of the Indian Space Research Organisation (ISRO). 
o Served as Secretary to the Government of India and Member of Parliament (Rajya Sabha, 

2003ς09). 
o Awarded Padma Shri, Padma Bhushan, and Padma Vibhushan for his contributions. 

¶ Education: 
o Specialized in high-energy X-ray and gamma-ray astronomy. 
o Held leadership roles in prestigious institutions including 

National Institute of Advanced Studies and Karnataka 
Knowledge Commission. 

¶ Field Associated With: Space Science, Satellite Technology, Remote 
Sensing, and Educational Reforms. 

¶ Contribution to India: 
o Space Sector: 

Á {ǇŜŀǊƘŜŀŘŜŘ LƴŘƛŀΩǎ ǘǊŀƴǎƛǘƛƻƴ ŦǊƻƳ ŜȄǇŜǊƛƳŜƴǘŀƭ ǘƻ 
operational satellite missions during 1994ς2003. 

Á Played a pivotal role in operationalizing PSLV and GSLV launch vehicles. 
Á /ƘŀƳǇƛƻƴŜŘ LƴŘƛŀΩǎ ŜƴǘǊȅ ƛƴǘƻ ŎƻƳƳŜǊŎƛŀƭ ǎŀǘŜƭƭƛǘŜ ǎŜǊǾƛŎŜǎ ōȅ ƭŜŀǎƛƴƎ Lb{!¢-2E 

transponders to INTELSAT in 1999. 
o Thematic Missions Launched: 

Á Initiated key satellite missions like EDUSAT (education), INSAT/GSAT (telemedicine), 
RESOURCESAT (earth resources), OCEANSAT (oceanography), CARTOSAT (cartography), 
Meghatropiques (climate studies), and ASTROSAT (space science). 

Á /ƻƴŎŜǇǘǳŀƭƛȊŜŘ ŀƴŘ ƴǳǊǘǳǊŜŘ LƴŘƛŀΩǎ ŦƛǊǎǘ ƭǳƴŀǊ ƳƛǎǎƛƻƴΣ /ƘŀƴŘǊŀȅŀŀƴ-1. 
o Policy and Education: 

Á Chaired the committee that framed the National Education Policy 2020. 
Á 9ƳǇƘŀǎƛȊŜŘ ά{ǇŀŎŜ ŦƻǊ {ƻŎƛŜǘȅέ ǘƘǊƻǳƎƘ ǘƘŜ bŀǘƛƻƴŀƭ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜ aŀƴŀƎŜƳŜƴǘ 

System (NNRMS) for applied satellite benefits. 
o Legacy: 

Á Elevated ISRO to a fully operational national space agency. 
Á LƴǎǇƛǊŜŘ LƴŘƛŀΩǎ ƴŜǿ-age space exploration and educational reforms. 

 

Syllabus: Defence Technology 
37. Taurus Missiles 
Context: Russia warned Germany that any Ukrainian strikes using Taurus missiles would be considered direct 
participation in the ongoing conflict. 
 
About Taurus Missiles:  
What it is? The Taurus KEPD-350 is a long-range, air-launched cruise missile capable of precision strikes on 
fortified and high-value targets. 
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Developed by: Jointly developed by the European missile manufacturer MBDA and Saab Bofors Dynamics 
(Germany and Sweden partnership). 
 
Aim: Designed for deep penetration strikes against heavily 
fortified structures such as bunkers, bridges, and command 
centres. 
 
Key Features: 

o Speed: Nearly 1,170 km/h, close to the speed of 
sound. 

o Range: Can hit targets up to 500 kilometres 
o Navigation Systems: Equipped with four independent navigation systems, including satellite-

supported GPS, resistant to jamming. 
o Low Detectability: Flies at an altitude of 35 meters, making radar detection extremely difficult. 
o Bunker Penetration: Engineered to penetrate multiple reinforced concrete layers before 

warhead detonation, maximizing internal destruction. 
o Stealth and Precision: High survivability due to low radar cross-section and extreme targeting 

accuracy. 
 

38. Rafale-M Jets  
Context: The Cabinet Committee on Security (CCS) approved the procurement of 26 Rafale Marine (Rafale-M) 
ƧŜǘǎ ŦǊƻƳ CǊŀƴŎŜΣ ŜƴƘŀƴŎƛƴƎ LƴŘƛŀΩǎ ƳŀǊƛǘƛƳŜ ǎǘǊƛƪŜ ŎŀǇŀōƛƭƛǘƛŜǎ ŀƳƛŘ ǊƛǎƛƴƎ LƴŘƻ-Pacific tensions. 
 
About Rafale-M Jets: 
Rafale-M is the carrier-borne 
variant ƻŦ 5ŀǎǎŀǳƭǘ !ǾƛŀǘƛƻƴΩǎ 
4.5-generation Rafale fighter jet, 
designed specifically for naval 
operations from aircraft carriers. 
 
It offers multirole capabilities τ 
air superiority, deep strike, 
reconnaissance, nuclear 
deterrence, and anti-ship 
missions. 
Recent Agreement Between 
India and France: 
Procurement: 26 Rafale-M jets 
ǿƻǊǘƘ соΣллл ŎǊƻǊŜ ǘƘǊƻǳƎƘ ŀ 
government-to-government 
deal. 
 
Breakdown: 22 single-seaters + 
4 twin-seater trainers, including 
weapons, simulators, crew 
training, and logistics support for 
five years. 
 
Timeline: Deliveries to begin in 
2029 and complete by 2031. 
 
Compatibility: Will operate from INS VikrantΣ LƴŘƛŀΩǎ ŦƛǊǎǘ ƛƴŘƛƎŜƴƻǳǎ ŀƛǊŎǊŀŦǘ ŎŀǊǊƛŜǊΦ 
 
Key Features of Rafale-M Jet: 
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¶ Advanced Weapons: Equipped with Meteor air-to-air missiles, SCALP cruise missiles (range 560 km), 
and Exocet anti-ship missiles. 

¶ Superior Sensors: RBE2-AA AESA radar, Front Sector Optronics (FSO), and SPECTRA electronic warfare 
suite for long-range detection and survivability. 

¶ Carrier-Adapted Design: Reinforced airframe, corrosion resistance, folding wings, and stronger 
undercarriage for maritime conditions. 

¶ Multifunctionality:  Capable of both air-to-air and air-to-ground missions during a single sortie; service 
ceiling of 50,000 feet. 

¶ Data Fusion Capability: Integrates information from sensors to present pilots with a consolidated 
operational picture. 

Competition: 
¶ Against China:  

o Shenyang J-15: 
Á Primary 4.5-generation carrier-based multirole fighter. 
Á Yƴƻǿƴ ŀǎ ǘƘŜ άCƭȅƛƴƎ {ƘŀǊƪέΤ 59 jets currently in service. 

¶ Shenyang J-11: 
Á 4th-generation air superiority fighters. 
Á 50 jets currently operational. 

¶ Against Pakistan: 
o Pakistan has no carrier and thus no naval fighter jets. 
o tŀƪƛǎǘŀƴΩǎ WC-17 and F-16 jets are fighter aircraft used by the Pakistan Air Force. 

 

39. 50 years of Aryabhata Satellite 
Context: India is celebrating the 50th anniversary of the launch of Aryabhata, its first indigenous satellite, 
ƳŀǊƪƛƴƎ ŀ ǇƛǾƻǘŀƭ ƳƻƳŜƴǘ ƛƴ LƴŘƛŀΩǎ ǎǇŀŎŜ ƧƻǳǊƴŜȅΦ 
 
About 50 years of Aryabhata Satellite: 
¶ What is Aryabhata? 

o Aryabhata was LƴŘƛŀΩǎ ŦƛǊǎǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŀǘŜƭƭƛǘŜ, named after the renowned 5th-century 
Indian mathematician and astronomer. 

o It was built entirely by the Indian Space Research Organisation (ISRO). 
¶ Launched By: Aryabhata was launched on April 19, 1975, aboard a Soviet Kosmos-3M rocket from 

Kapustin Yar launch site in Russia. 
¶ Historical Background: 

o At the height of the Cold War, India lacked its own 
launch capabilities and relied on strategic 
partnerships. 

o !ǊȅŀōƘŀǘŀΩǎ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴǾƻƭǾŜŘ ŀ ǎƳŀƭƭ ǘŜŀƳ ƻŦ 
about 25 ISRO engineers working with limited 
resources under the leadership of visionaries like Dr. 
Vikram Sarabhai and Prof. U.R. Rao. 

¶ Key Features: 
o Shape: Quasi-spherical structure with 26 flat faces. 
o Dimensions: 1.59 meters across and 1.19 meters in height. 
o Solar Panels: Covered 36,800 sq cm, generating 46 watts of power. 
o Scientific Objectives: Conducted experiments in X-ray astronomy, solar physics, and 

ionospheric studies. 
o Operational Timeline: Lost communication after 5 days due to a power failure but remained in 

orbit for several years. 
¶ Significance: 

o Pioneering Achievement: aŀǊƪŜŘ LƴŘƛŀΩǎ ŜƴǘǊȅ ƛƴǘƻ ǘƘŜ ŜƭƛǘŜ ǎǇŀŎŜŦŀǊƛƴƎ ƴŀǘƛƻƴǎΦ 
o Learning Platform: Provided crucial experience in satellite technology, mission planning, and 

systems integration. 
o Symbol of National Pride: !ǊȅŀōƘŀǘŀΩǎ ƛƳŀƎŜ ǿŀǎ ƭŀǘŜǊ ŦŜŀǘǳǊŜŘ ƻƴ LƴŘƛŀΩǎ ǘǿƻ-rupee note, 

celebrating its historic importance. 
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o Foundation for Future Missions: Paved the way for landmark missions like Chandrayaan, 
Mangalyaan, and Aditya-L1. 

o Inspirational Legacy: wŜƳŀƛƴǎ ŀ ǘŜǎǘŀƳŜƴǘ ǘƻ LƴŘƛŀΩǎ ǊŜǎƛƭƛŜƴŎŜΣ ƛƴƴƻǾŀǘƛƻƴΣ ŀƴŘ ŀǎǇƛǊŀǘƛƻƴǎ ƛƴ 
space exploration. 

 

40. Indigenous Stellite Nozzle Divergent for PSLV 
Context: ISRO has successfully tested an indigenous Satellite (KC20WN) alloy nozzle divergent for the t{[±Ωǎ 
fourth stage, replacing imported Columbium (C103) and achieving a 90% cost reduction. 
 
About Indigenous Stellite Nozzle Divergent for PSLV: 
¶ What is a Divergent Nozzle? 

o The divergent nozzle is the flared 
section of a rocket engine that 
accelerates exhaust gases to generate 
thrust. 

o It experiences extreme thermal and 
mechanical stress during rocket 
operation, often exceeding 1100°C. 

¶ Why is the Divergent Nozzle Important? 
o It controls thrust direction and speed, 

crucial for stabilizing and guiding the rocket during ascent. 
o Material failure here can lead to mission-critical losses. 

¶ Old Material Used: Columbium (C103), a rare, heat-resistant metal, previously imported, was used in 
t{[±Ωǎ ŦƻǳǊǘƘ-stage nozzle. 

¶ New Material Developed: 
o Stellite (KC20WN), a cobalt-based alloy enriched with Chromium, Nickel, Tungsten, and Iron. 
o Developed and tested indigenously at L{whΩǎ tǊƻǇǳƭǎƛƻƴ /ƻƳǇƭŜȄΣ aŀƘŜƴŘǊŀƎƛǊƛ. 

¶ Significance of Using Stellite: 
o Self-reliance: Eliminates dependence on costly foreign imports. 
o Cost Efficiency: Achieves up to 90% cost savings compared to Columbium-based nozzles. 
o Strategic Autonomy: {ǘǊŜƴƎǘƘŜƴǎ LƴŘƛŀΩǎ ŀŜǊƻǎǇŀŎŜ ǎǳǇǇƭȅ ŎƘŀƛƴ ŀƴŘ ōƻƻǎǘǎ !ǘƳŀƴƛǊōƘŀǊ 

Bharat in space technology. 
o Future Missions: Paves the way for indigenous components in launch vehicles, satellites, and 

deep-space missions. 
 

41. Gaurav Glide Bomb 
Context: DRDO successfully conducted release trials of the long-ǊŀƴƎŜ ƎƭƛŘŜ ōƻƳō ΨDŀǳǊŀǾΩ ŦǊƻƳ ŀ {ǳƪƘƻƛ-
30MKI fighter jet. 
 
About Gaurav Glide Bomb: 
¶ What is it? 

o ΨDŀǳǊŀǾΩ ƛǎ ŀ precision-guided, long-range glide bomb 
developed to strike land targets from stand-off 
distances, i.e., beyond enemy air defence range. 

¶ Developer & Design 
o Developed by DRDO in collaboration with Armament Research and Development 

Establishment (ARDE), Research Centre Imarat, and Integrated Test Range. 
¶ Features & Capabilities 

o Range: 30 km to 150 km (demonstrated close to 100 km). 
o Weight: Winged version (Gaurav) weighs 1,000 kg; non-winged variant (Gautham) weighs 550 

kg. 
o Navigation: Uses inertial navigation system (INS) with satellite guidance and digital control. 

¶ {ƛƎƴƛŦƛŎŀƴŎŜ ŦƻǊ LƴŘƛŀΩǎ 5ŜŦŜƴŎŜ 
o 9ƴƘŀƴŎŜǎ L!CΩǎ stand-off strike capabilities. 
o Reduces risk to fighter aircraft by keeping them out of enemy air defence range. 
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o {ǘǊŜƴƎǘƘŜƴǎ LƴŘƛŀΩǎ Ǉƻǎƛǘƛƻƴ ƛƴ indigenously developed smart munitions. 
o Aids in precision targeting, vital in modern warfare. 

 
 

42. Saras Mk2 Aircraft 
Context: ¢ƘŜ ŦƛǊǎǘ ǘŜǎǘ ŦƭƛƎƘǘ ƻŦ LƴŘƛŀΩǎ ƛƴŘƛƎŜƴƻǳǎƭȅ ŘŜǎƛƎƴŜŘ Saras Mk2 aircraft is expected in December 2027, 
marking a significant step in regional air connectivity and civilian aviation capabilities. 
 
About Saras Mk2 Aircraft: 
¶ What it is: Saras Mk2 is a 19-seater, multipurpose 

civilian aircraft designed to improve regional air travel 
across India, especially to tier-2 and tier-3 towns with 
minimal airport infrastructure. 

¶ Developed by: CSIRςNational Aerospace Laboratories 
(CSIRςNAL), under the Ministry of Science and 
Technology, with manufacturing support from 
Hindustan Aeronautics Limited (HAL). 

¶ Aim: To promote indigenous civilian aircraft 
manufacturing, reduce import dependence, and 
support UDAN (Ude Desh ka Aam Naagrik) scheme for regional air connectivity. 

¶ Key Features of Saras Mk2: 
o Upgraded Variant: An advancement over the original 14-seater Saras, first flown in 2004; 

redesigned with improved aerodynamics and engine placement. 
o Multi -utility Role: Can serve as a commuter aircraft, air ambulance, or for charter operations 

in remote locations. 
o Made in India Components: Avionics by Genesis, brake and environmental systems developed 

in-house by CSIRςNAL; composite wings produced in-house. 
o Twin Prototype Plan: Two aircraft will be built to fast-track certification and minimize 

developmental delays. 
o Digital & Modular Design: Incorporates a CSIR-NAL-developed aircraft computer, enabling 

future integration of automation and AI-based upgrades. 
¶ Significance of Saras Mk2: 

o Boosts Regional Aviation: Enables air connectivity to underserved regions, aligning with 
ƎƻǾŜǊƴƳŜƴǘΩǎ ¦5!b ƎƻŀƭǎΦ 

o Revives Civil Aviation R&D: wŜƛƴŦƻǊŎŜǎ LƴŘƛŀΩǎ Ǉƻǎƛǘƛƻƴ ŀǎ ŀ technology developer in civilian 
aviation. 

o Reduces Foreign Dependence: Offers an indigenous alternative to imported aircraft like the 
Dornier or ATR. 

o Cost-effective Aviation: Ideal for short-haul routes, enhancing passenger volumes on low-
demand sectors. 

o Defence-Civil Synergy: Indian Air Force has shown interest in procuring 15 aircraftτ
strengthening civil-military production integration. 

  
 

43. Mk-II(A) Laser-Directed Energy Weapon (DEW) system 
Context: India has successfully tested the indigenously developed Mk-II(A) Laser-Directed Energy Weapon 
(DEW) system at Kurnool, Andhra Pradesh, becoming the fourth nation with the capability to disable drones 
and missiles using laser technology. 
 
About Mk-II(A) Laser-Directed Energy Weapon (DEW) System: 
¶ What it is: A high-powered laser-based weapon system that uses directed energy to neutralize aerial 

threats such as drones, missiles, and sensors. 
¶ Developed by: Centre for High Energy Systems & Sciences (CHESS), a DRDO lab in Hyderabad, in 

collaboration with other DRDO entities, industry, and academia. 
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¶ Purpose: Designed to offer cost-effective, rapid-
response air defense against drones, surveillance 
systems, and potentially missiles with minimal collateral 
damage. 

How the Laser-DEW Works? 
¶ Detection: Targets are tracked using radar or an inbuilt 

Electro-Optic (EO) system. 
¶ Engagement: A focused laser beam travels at the 

speed of lightΣ ǎƭƛŎƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ǘŀǊƎŜǘΩǎ ǎǳǊŦŀŎŜΣ 
disabling or destroying it through structural failure. 

¶ Key Features 
¶ Power Output: 30-kilowatt laser τ capable of targeting fixed-wing UAVs and swarming drones. 
¶ Speed: Instantaneous engagement τ precision hit in seconds. 
¶ Cost-Effective: Firing cost = few litres of petrol, significantly cheaper than conventional missiles. 
¶ Mobility:  Vehicle-mounted, adaptable for both land and future air/space platforms. 

Significance: 
¶ Strategic Edge: Places India alongside the US, China, and Russia in possessing advanced laser-DEW 

capabilities. 
¶ Low Collateral Damage: Ideal for neutralizing threats without large-scale destruction. 
¶ Force Multiplier: 9ƴƘŀƴŎŜǎ LƴŘƛŀΩǎ counter-drone and missile defense capacity in a cost-effective and 

sustainable way. 
¶ Indigenization Boost: wŜƛƴŦƻǊŎŜǎ LƴŘƛŀΩǎ ǇŀǘƘ ǘƻǿŀǊŘǎ Atmanirbhar Bharat in defense tech. 

 

44. Dhruv ALH helicopters 
Context: LƴŘƛŀΩǎ ƛƴŘƛƎŜƴƻǳǎ 5ƘǊǳǾ ![I ƘŜƭƛŎƻǇǘŜǊǎ ǊŜǎǳƳŜŘ ŦƭȅƛƴƎ ƛƴ !ƴŀƴǘƴŀƎΣ WŀƳƳǳ ϧ YŀǎƘƳƛǊΣ ŀŦǘŜǊ ōŜƛƴƎ 
grounded in January 2025 due to a fatal crash. 
 
About Dhruv ALH helicopters: 
¶ What It Is? 

o The Dhruv ALH is a twin-engine, multi-role utility 
helicopter, indigenously developed for both 
military and civilian use. 

¶ Developed By: Hindustan Aeronautics Limited (HAL) and 
ŘŜǎƛƎƴŜŘ ǿƛǘƘ ŀǎǎƛǎǘŀƴŎŜ ŦǊƻƳ DŜǊƳŀƴȅΩǎ a..Φ 

¶ Objectives: 
o Provide a versatile platform for transport, combat 

support, and rescue operations. 
o 9ƴƘŀƴŎŜ LƴŘƛŀΩǎ self-reliance in aviation and reduce import dependency. 
o Cater to multi-mission roles for all three-armed forces. 

¶ Key Features of Dhruv ALH: 
o Glass cockpit with digital avionics provides pilots with real-time navigation and system 

information for enhanced situational awareness. 
o Composite airframe and rotor blades reduce overall weight, improve fuel efficiency, and 

enhance structural durability. 
o Integrated self-protection suite includes chaff dispensers, flare systems, and infrared 

suppressors to counter enemy detection and missile threats. 
o Electro-optical pod with forward-looking infrared, laser rangefinder, and health monitoring 

system ensures mission capability and maintenance efficiency. 
o Full Authority Digital Engine Control (FADEC) and digital moving map systems allow precision 

engine management and advanced flight path planning. 
¶ Functions and Roles of Dhruv ALH: 

o Troop transport and logistic support across forward and remote regions, enhancing force 
mobility. 

o Search and rescue operations during combat and disaster relief missions for timely response. 
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o Casualty evacuation and medical transport for critically injured personnel under field 
conditions. 

o VIP and official commuter travel for high-ranking defence and government personnel. 
o Rapid deployment of forces and underslung cargo transport, especially in high-altitude or 

combat zones. 
¶ Weapon Integration (Military Variant): Equipped with 20 mm turret gun, 70 mm rockets, and air-to-

air missiles for combat missions and aerial engagement. 
 

45. INSV Tarini & Navika Sagar Parikrama II Expedition 
Context: INSV Tarini has reached Cape Town, South Africa, marking the fourth and final stopover of the Navika 
Sagar Parikrama II global circumnavigation expedition by two Indian Navy women officers. 
 
About INSV Tarini: 
What it is: INSV Tarini is a 56-foot indigenously-built sailing vessel, part of the Indian Navy since 2017. 
Captains: Commanded by Lt Cdr Dilna K and Lt Cdr Roopa A, both women naval officers. 
Features: 
o Designed for deep-sea navigation and long-duration expeditions. 
o Equipped with wind and solar-powered navigation and onboard tech. 
o Promotes Make in India and Aatmanirbhar Bharat in defense. 
 
About Navika Sagar Parikrama II Expedition: 
What it is: A women-led global circumnavigation mission by Indian Navy 
using INSV Tarini. 
Launch Date: October 2, 2024, flagged off by Admiral Dinesh K. Tripathi from Goa. 
Aim: 
¶ To promote women empowerment in maritime forces. 
¶ {ƘƻǿŎŀǎƛƴƎ LƴŘƛŀΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ƎŜƴŘŜǊ-inclusive exploration. 
¶ Testing endurance, seamanship, and navigation across the globe. 

Key Features: 
o Covers 23,400 nautical miles (~43,300 km) over 8 months. 
o Route: Goa to Fremantle, then to Lyttelton, followed by Port Stanley, onward to Cape Town, and finally back 
to Goa. 
Significance: 
¶ {ǘǊŜƴƎǘƘŜƴǎ LƴŘƛŀΩǎ ƴŀǾŀƭ ŘƛǇƭƻƳŀŎȅ ǘƘǊƻǳƎƘ ǇƻǊǘ Ŏŀƭƭǎ ŀƴŘ ŜƴƎŀƎŜƳŜƴǘǎΦ 
¶ .ƻƻǎǘǎ Ǝƭƻōŀƭ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ LƴŘƛŀƴ bŀǾȅΩǎ ƻǇŜǊŀǘƛƻƴŀƭ ŎŀǇŀōƛƭƛǘƛŜǎ ŀƴŘ ƛƴŎƭǳǎƛǾƛǘȅΦ 
¶ Supports climate-resilient sailing and renewable-powered navigation. 

 

46. Project Varsha 
Context: India is set to commission its first dedicated nuclear submarine base, INS Varsha, in Andhra Pradesh in 
2026, as part of Project Varsha, and plans to operationalise its third nuclear-powered submarine, INS 
Aridhaman. 
 
About Project Varsha: 
¶ What is Project Varsha? 

o A classified naval infrastructure project launched 
by the Indian Navy to build INS Varsha, a state-
of-the-art nuclear submarine base. 

o Located near Rambilli, about 50 km south of 
Visakhapatnam in Andhra Pradesh. 

¶ Aim: 
o To ŜƴƘŀƴŎŜ LƴŘƛŀΩǎ ƳŀǊƛǘƛƳŜ ǎǘǊƛƪŜ ŎŀǇŀōƛƭƛǘƛŜǎ in 

the Bay of Bengal and Indian Ocean Region (IOR). 
o !Ŏǘǎ ŀǎ ŀ ŎƻǳƴǘŜǊōŀƭŀƴŎŜ ǘƻ /ƘƛƴŀΩǎ strategic 

expansion in the region. 
¶ Key Features: 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2025/04/07/project-varsha/
https://www.insightsonindia.com/science-technology/defence-technology/indias-nuclear-triad/
https://swarajyamag.com/defence/as-nuclear-submarine-fleet-grows-india-set-to-operationalise-dedicated-base-with-underground-bunkers-by-next-year
https://www.insightsonindia.com/international-relations/india-and-its-neighborhood/indian-ocean-region/indian-ocean-rim-association/
https://www.insightsonindia.com/wp-content/uploads/2025/04/INSV-Tarini-Navika-Sagar-Parikrama-II.jpg
https://www.insightsonindia.com/wp-content/uploads/2025/04/Project-Varsha.jpg


 

www.insightsonindia.com       67  InsightsIAS 

o Underground submarine pens and tunnels for stealth deployment. 
o Capacity to dock up to 12 nuclear submarines. 
o Provides protection from aerial surveillance and satellite detection. 
o Built near BARC Atchutapuram, enabling access to advanced nuclear infrastructure. 
o Ensures rapid submarine access to key chokepoints like the Strait of Malacca. 

¶ Strategic Significance: 
o /ƻǳƴǘŜǊǎ /ƘƛƴŀΩǎ Řǳŀƭ-use naval facilities like Hambantota (Sri Lanka) and BNS Sheikh Hasina 

(Bangladesh). 
o 9ƴƘŀƴŎŜǎ LƴŘƛŀΩǎ ǎŜŎƻƴŘ-strike capability under the nuclear triad. 

!ōƻǳǘ LƴŘƛŀΩǎ ¢ƘƛǊŘ {{.b ς INS Aridhaman: 
¶ What is INS Aridhaman? 

o A 7,000-tonne nuclear-powered ballistic missile submarine (SSBN) under the Advanced 
Technology Vessel (ATV) project. 

o Built by the Shipbuilding Centre, Visakhapatnam, with BARC and DRDO support. 
¶ Key Features: 

o Equipped to carry more K-4 SLBMs (3,500 km range) than its predecessors. 
o More advanced than INS Arihant and INS ArighaatΣ LƴŘƛŀΩǎ ŦƛǊǎǘ ǘǿƻ {{.bǎΦ 
o tŀǊǘ ƻŦ LƴŘƛŀΩǎ underwater nuclear deterrence component. 
o Expected commissioning in 2025Σ ǎǘǊŜƴƎǘƘŜƴƛƴƎ LƴŘƛŀΩǎ nuclear triad. 
o Aims to operate undetected in deep seas during deterrence patrols. 

 

47. HANSA-3 (NG) Trainer Aircraft 
Context: CSIR-NAL has signed its first-ever technology transfer agreement with a private company (Pioneer 
Clean Amps Pvt. Ltd.) to manufacture HANSA-3 (NG) trainer aircraft. 
 
About HANSA-3 (NG) Trainer Aircraft: 
¶ What is HANSA-3 (NG)? 

o It is a next-generation, two-seater, ab-initio trainer 
aircraft developed for pilot training. 

o Designed and developed indigenously by CSIR-
National Aerospace Laboratories (NAL) in 
Bengaluru. 

¶ Aim & Purpose: 
o To provide a cost-effective alternative to foreign 

trainer aircraft. 
o To train pilots for Private Pilot License (PPL) and Commercial Pilot License (CPL). 
o To ōƻƻǎǘ LƴŘƛŀΩǎ ŀǾƛŀǘƛƻƴ ŜŎƻǎȅǎǘŜƳ in line with the growing demand for trained pilots. 

¶ Key Features: 
o Advanced Glass Cockpit for digital display and enhanced situational awareness. 
o Rotax 912 iSc3 Sport Engine ς fuel-efficient and digitally controlled. 
o Bubble Canopy for panoramic visibility and improved pilot comfort. 
o Electrically operated flaps, lightweight composite airframe. 
o Costs 2 crore, nearly 50% cheaper than imported equivalents. 
o Electric variant (E-HANSA) under development to support sustainable aviation. 

About CSIRςNational Aerospace Laboratories (NAL): 
¶ What is NAL? 

o LƴŘƛŀΩǎ ƻƴƭȅ ŎƛǾƛƭƛŀƴ ŀŜǊƻǎǇŀŎŜ wϧ5 ƭŀō, focused on advanced aerospace science and 
engineering. 

¶ Establishment: 
o Founded: 1 June 1959 (as National Aeronautical Research Laboratory, renamed NAL in 1993). 
o Headquarters: Bengaluru, Karnataka. 
o Governing Body: Operates under CSIR (Council of Scientific & Industrial Research), Ministry of 

Science and Technology, Government of India. 
¶ Key Objectives: 

o To design and develop indigenous aircraft and aerospace technologies. 
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o To support national aerospace missions and collaborate with industry for commercialisation. 
o To create aeronautical components, testing, simulation, and manufacturing systems. 

 

 

Syllabus: Awareness in the fields of IT, Space, Computers, robotics, nano-technology, bio-technology 
and issues relating to intellectual property rights 
48. Q-Shield Platform 
 Context: QNu Labs, a quantum-ǘŜŎƘ ǎǘŀǊǘǳǇ ǳƴŘŜǊ LƴŘƛŀΩǎ National Quantum Mission (NQM), launched Q-
{ƘƛŜƭŘΣ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ǳƴƛŦƛŜŘ ǇƭŀǘŦƻǊƳ ŦƻǊ ǉǳŀƴǘǳƳ-safe cryptography management. 
 
About Q-Shield Platform: 
¶ What is Q-Shield? 

o Q-Shield is a comprehensive cryptography management platform designed to secure critical 
infrastructure against future quantum threats. 

¶ Developed By: 
o QNu Labs, incubated at IIT Madras Research Park (2016) 
o Supported by the Department of Science and Technology (DST) under the National Quantum 

Mission 
¶ Objective: 

o To empower enterprises with tools that ensure data privacy and cybersecurity across cloud, 
on-premises, and hybrid environments in a quantum-resilient manner. 

Key Features of Q-Shield: 
o Quantum-Safe Security Tools: 
o These are advanced tools that protect your data from being hacked, even by super-powerful 

quantum computers in the future. 
Á Armos: A system that sends super-secure secret keys, so no one can eavesdrop. 
Á Tropos: Creates truly random numbers, which are used to make passwords and 

encryption much stronger. 
Á QHSM: Like a digital safe box that stores your keys and keeps them secure. 
Á PQC Standards: ¦ǎŜǎ ǎǇŜŎƛŀƭ ŜƴŎǊȅǇǘƛƻƴ ƳŜǘƘƻŘǎ ǘƘŀǘ ŜǾŜƴ ŦǳǘǳǊŜ ŎƻƳǇǳǘŜǊǎ ǿƻƴΩǘ ōŜ 

able to break. 
Helpful Services (Like Apps): 
These are like apps or tools built into Q-
Shield to keep your files, chats, and systems 
safe: 
Qosmos: Helps create safe digital keys (like 
strong passwords). 
QConnect: Makes sure your messages or 
data sent online are fully protected. 
QVerse: Lets teams work together securely, 
like sharing documents or chatting 
privately. 
QSFS: A super-secure storage system to 
keep files and share them safely. 
QVault: A locker to keep and manage all 
your secret digital keys. 
Easy to Use Anywhere: 

¶ You can use Q-Shield in the cloud, your office systems, or a mix of both. 

¶ Lǘ ŀƭǎƻ ǿƻǊƪǎ ǿŜƭƭ ǿƛǘƘ ƻǘƘŜǊ ŀǇǇǎ ƻǊ ǇƭŀǘŦƻǊƳǎ ȅƻǳΩǊŜ ŀƭǊŜŀŘȅ ǳǎƛƴƎ 
Significance: 
¶ First-of-its-kind globally: No other platform offers a unified quantum-safe cryptography suite. 
¶ {ǘǊŜƴƎǘƘŜƴǎ LƴŘƛŀΩǎ digital sovereignty and national cybersecurity. 
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¶ Puts India at the forefront of the global quantum security race, alongside nations like the US and 
China. 

 

49. Angstrom-scale Chip 
Context: A team from IISc has submitted a proposal to the government to develop angstrom-scale 
semiconductor chips using 2D materials, aiming to position India as a leader in next-generation chip 
technologies. 
 
About Angstrom-scale Chip: 
¶ What is an Angstrom-scale Chip? 

o Angstrom-scale chips refer to semiconductor 
devices built at the atomic scale, where one 
angstrom equals 1 nanometres. 

o These chips are about one-tenth the size of 
the current smallest chips (3 nm nodes). 

¶ Developed By: 
o Proposed and developed by scientists at the 

Indian Institute of Science (IISc), Bengaluru. 
o Detailed Project Report (DPR) submitted to the Principal Scientific Adviser (PSA) and Ministry 

of Electronics and IT (MeitY). 
¶ Characteristics of 2D Materials Used: 
¶ Materials: Graphene and Transition Metal Dichalcogenides (TMDs). 
¶ Properties: 

o Ultra-thin atomic layers with high electrical conductivity. 
o Superior strength, flexibility , and thermal stability. 
o Enables high-speed processing with lower power consumption. 

¶ Applications: 
o Next-generation semiconductors for electronics and computing. 
o Flexible electronics, wearable devices, and quantum computing. 
o Enabling heterogeneous integration in chip designs, crucial for AI, 5G/6G communications, 

and space technologies. 
 

50. LƴŘƛŀΩǎ CƛǊǎǘ Cǳƭƭ-Stack Quantum Computer 
Context: On World Quantum Day 2025, Bengaluru-ōŀǎŜŘ vǇƛ!L ƭŀǳƴŎƘŜŘ LƴŘƛŀΩǎ ŦƛǊǎǘ Ŧǳƭƭ-stack quantum 
computer with 25 qubits. 
¶ ¢ƘŜ ƛƴƴƻǾŀǘƛƻƴ ƛǎ ǇŀǊǘ ƻŦ LƴŘƛŀΩǎ ōǊƻŀŘŜǊ ŜŦŦƻǊǘǎ ǳƴŘŜǊ ǘƘŜ National Quantum Mission (NQM) to lead in 

quantum technologies. 
 
About LƴŘƛŀΩǎ CƛǊǎǘ Cǳƭƭ-Stack Quantum Computer: 
¶ What it is? 

o QpiAI-Indus is LƴŘƛŀΩǎ ŦƛǊǎǘ Ŧǳƭƭ-stack quantum system, integrating 
quantum hardware, software, and AI-enhanced hybrid computing. 

¶ Developed by: Created by QpiAI, a DST-supported startup under the National 
Quantum Mission. 

¶ Key Features: 
o Powered by 25 superconducting qubits. 
o Equipped with next-gen Quantum-HPC platforms and AI-integrated 

software. 
o Supports scalable control systems for real-world quantum 

applications. 
¶ Sectors Impacted: Enables solutions in drug discovery, life sciences, logistics, climate action, and 

materials science. 
About National Quantum Mission (NQM): 
¶ What it is? 
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o A strategic national initiative to develop and deploy quantum technologies across computing, 
communication, sensing, and materials. 

¶ Launched in: Approved by the Union Cabinet in 2023Σ ǿƛǘƘ ŀ ǘƻǘŀƭ ōǳŘƎŜǘ ƻŦ сΣллоΦср ŎǊƻǊŜ όнлноς
2031). 

¶ Nodal Organisation: Implemented by the Department of Science and Technology (DST). 
¶ Core Objectives: 

o Build intermediate-scale quantum computers (50ς1000 qubits). 
o Develop quantum communication networks, secure quantum satellites, and atomic clocks. 
o Promote quantum sensing, metrology, and quantum-grade materials. 

¶ Mission Components: 
o Four Thematic Hubs (T-Hubs) for: 

Á Quantum Computing 
Á Quantum Communication 
Á Quantum Sensing & Metrology 
Á Quantum Materials & Devices 

o Promote basic & applied research, innovation, and global competitiveness in quantum 
technologies. 

 

51. Ironwood TPU 
Context: Google has launched Ironwood, its seventh-generation Tensor Processing Unit (TPU) to accelerate AI 
model processing. 
 
About Ironwood TPU: 
¶ What it is? 

o Ironwood is the latest TPU (Tensor Processing Unit) developed 
by Google, designed exclusively for high-performance artificial 
intelligence workloads. 

¶ Developed by: DƻƻƎƭŜ /ƭƻǳŘΩǎ !L LƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘŜŀƳΦ 
¶ Feature: 
¶ AI-Specific Design: Ironwood is an ASIC chip built to process tensorsτfundamental to machine 

learning. 
¶ Faster Training: It significantly reduces AI model training time from weeks to just hours. 
¶ Highly Specialised: More focused than CPUs/GPUs, it handles matrix operations and neural networks 
¶ Google Ecosystem Backbone: Powers AI in Google Search, YouTube, and DeepMind 
¶ Cloud-Ready Scalability: Fully integrated with Google Cloud to support large-scale AI applications. 

Key Differences between TPU vs GPU vs CPU: 
Feature CPU (Central Processing Unit) GPU (Graphics Processing Unit) TPU (Tensor Processing Unit) 

Nature General-purpose processor Parallel processor, mainly for visual and AI tasks Application-specific processor for machine learning 

Primary Use 
Handles routine computing and sequential 
operations 

Ideal for graphics rendering and ML parallel tasks Specialised for deep learning tensor computations 

Cores 2ς16 per chip Thousands per chip for simultaneous task execution Fewer, highly specialised cores for AI matrix operations 

Performance Efficient in sequential tasks Better for concurrent, parallel tasks Fastest in training and inference of ML models 

Flexibility Highly versatile Moderately flexible Narrow-purpose, highly optimised 

Example Use Word processing, browsing, OS control Gaming, video editing, ML model training Google Search AI, YouTube AI, DeepMind models 

 
 

52. Automatic Number Plate Recognition (ANPR) 
Context: The Ministry of Road Transport and Highways (MoRTH) clarified that no decision has been made to 
implement GNSS-based tolling from May 1, 2025. 
¶ Instead, an Automatic Number Plate Recognition (ANPR)-FASTag-based barrier-less toll system will be 

introduced at selected plazas. 
About Automatic Number Plate Recognition (ANPR): 
¶ Definition: ANPR uses high-performance cameras to capture and read vehicle number plates, enabling 

automatic identification without manual intervention. 
¶ Charging Mechanism: 

o Vehicles will be charged based on number plate recognition and FASTag validation. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2024/09/18/quantum-computing/
https://www.insightsonindia.com/2025/04/16/ironwood-tpu/
https://www.techtarget.com/whatis/definition/tensor-processing-unit-TPU
https://blog.google/products/google-cloud/ironwood-tpu-age-of-inference/
https://www.insightsonindia.com/science-technology/robotics/artificial-intelligence-and-robotics/
https://www.insightsonindia.com/2025/01/29/reinforcement-learning-model/
https://www.insightsonindia.com/2025/04/21/automatic-number-plate-recognition-anpr/
https://viso.ai/computer-vision/automatic-number-plate-recognition-anpr/
https://www.insightsonindia.com/science-technology/contribution-of-science-in-day-to-day-life/fastags/
https://www.insightsonindia.com/wp-content/uploads/2025/04/TPU.jpg


 

www.insightsonindia.com       71  InsightsIAS 

o No stopping required at toll plazas. 
o Violators will receive e-notices, and non-payment can lead to FASTag suspension or penalties 

under VAHAN database norms. 
What is GNSS and How Does It Work? 
¶ Definition: Global Navigation Satellite System (GNSS) is a barrier-free tolling method that uses satellite 
ǘǊŀŎƪƛƴƎ ǘƻ ƳƻƴƛǘƻǊ ŀ ǾŜƘƛŎƭŜΩǎ ƳƻǾŜƳŜƴǘ ŀƴŘ ŎŀƭŎǳƭŀǘŜ ǘƻƭƭ ŎƘŀǊƎŜǎ ōŀǎŜŘ ƻƴ ŘƛǎǘŀƴŎŜ ǘǊŀǾŜƭŜŘΦ 

¶ Working: 
o GNSS integrates GPS or other 

satellite systems. 
o Toll amounts are automatically 

deducted from linked bank 
accounts. 

o Eliminates need for toll booths or 
manual interaction. 

How GNSS Differs from FASTag? 
 
Benefits of GNSS and ANPR: 
¶ Seamless Travel: No stopping at toll 

plazas, saving time and reducing 
congestion. 

¶ Reduced Errors: Satellite tracking reduces 
human and technical errors. 

¶ Flexible Payment: GNSS allows both prepaid and postpaid modes. 
¶ Enhanced Enforcement: E-notices and penalties ensure compliance under ANPR. 
¶ Improved Accuracy: Real-time distance-based toll calculation in GNSS ensures fair tolling. 

 

53. Mirror  
Context: An IIT Kanpur physicist explained mirror science through electron behaviour and quantum mechanics. 
This coincides with the International Year of Quantum Science and Technology 2025, marking 100 years of its 
discovery. 
About Mirror : 
¶ What is a Mirror? 

o A mirror is a smooth surface that reflects most of the light falling on it, forming clear images. 
o It works based on specular reflection, where light bounces at the same angle it arrives. 

 
¶ Material Used in Mirrors: 

o Mirrors consist of transparent glass on the front and a 
thin metallic layer (usually silver or aluminium) on the 
back. 

o The glass protects the metal and allows light to reach 
and reflect from the metallic surface. 

¶ How Does a Mirror Work? 
o Law of Reflection: Light reflects from the metallic 

surface such that the angle of incidence equals the 
angle of reflection. 

o Specular vs Diffuse Reflection: Smooth surfaces like 
mirrors cause specular reflection; rough surfaces 
cause diffuse scattering. 

o Electron Behaviour: Free-moving electrons in the 
metal bounce incoming light uniformly, forming a clear 
virtual image. 

o Virtual Image Formation: Mirrors create a virtual image, appearing behind the mirror where 
the light seems to originate. 

o Front-Back Reversal: aƛǊǊƻǊǎ ŘƻƴΩǘ ŦƭƛǇ ƭŜŦǘ-right but they reverse front and back, like a rubber 
stamp impression. 
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¶ Limitations of a Mirror: 
o Directional Limitations: Only reflects objects within the line of sight; no information from 

behind the mirror. 
o No Depth Perception: Mirrors do not convey actual depth, making objects appear equidistant 

from the mirror. 
 

54. BatEchoMon Device 
Context: LƴŘƛŀΩǎ ŦƛǊǎǘ ŀǳǘƻƳŀǘŜŘ ōŀǘ ƳƻƴƛǘƻǊƛƴƎ ǎȅǎǘŜƳΣ BatEchoMon, has been successfully developed to 
detect and classify bat species using real-time acoustic analysis. 
 
About BatEchoMon Device: 
¶ What is BatEchoMon? 

o Definition: BatEchoMon (Bat Echolocation 
Monitoring) is an autonomous, AI-powered acoustic 
monitoring system that detects, analyses, and 
classifies bat echolocation calls in real-time. 

o Developed by: Indian Institute for Human Settlements (IIHS), Bengaluru. 
o Aim: To simplify and accelerate bat data processing, enabling deeper research into bat 

ecology and biodiversity with minimal manual intervention. 
¶ Key Features of BatEchoMon: 

o Real-time Acoustic Analysis: Activates at sunset and uses a Raspberry Pi microprocessor to 
isolate and analyse bat calls. 

o Species Identification: Employs convolutional neural networks (CNN) to match call structures 
with known bat species. 

o Visual Output: Generates spectrograms and statistical activity data across species and time 
intervals. 

o Compact & Modular: Housed in a 200×80×80 mm unit, with solar-powered battery backup (8-
day runtime) and WiFi for data transfer. 

o Low-Cost Innovation: Costs less than a third of conventional international detectors. 
¶ Applications and Significance: 

o Bat Conservation: Helps monitor bat populations and understand habitat-specific behaviors. 
o Urban Ecology: Useful in cities, forest edges, and peri-urban regions to track insectivorous 

bats. 
o Research Tool: Reduces data analysis time drasticallyτ11 months of manual processing 

reduced to a few hours. 
o Data Democratization: Makes bat studies more accessible across India, enhancing participation 

in global databases. 
o Technological Leap: Possibly ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƛƴǘŜƎǊŀǘŜŘ ǳƴƛǘ for real-time bat call recording 

and classification. 
 
 

55. Green Water-Based Method to Recycle Toxic Perovskite Solar Cells 
Context: Scientists have developed a green water-based method to recycle toxic perovskite solar cells, 
recovering about 99% of the materials and retaining almost full efficiency even after five cycles. 
 
About Perovskite Solar Cells: 
¶ Definition: Perovskite solar cells are a class of photovoltaic 

devices that use perovskite-structured compounds, typically 
containing lead, as the light-harvesting active layer. 

¶ Key Characteristics: 
o High power conversion efficiency achieved rapidly 

compared to traditional silicon-based PVs. 
o Lightweight and low-cost fabrication. 
o Flexibility in application (can be made semi-transparent 

or integrated into flexible surfaces). 
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o Major challenge: shorter lifespan and presence of toxic materials like lead. 
¶ Working Principle: 

o Perovskite materials absorb sunlight and create electron-hole pairs. 
o Charge carriers are transported to electrodes through layers of conductive materials, 

generating electricity. 
About Green Water-Based Method to Recycle Toxic Perovskite Solar Cells: 
¶ Previous Recycling Challenge: 

o Earlier methods used toxic organic solvents like dimethylformamide to dissolve layers, raising 
environmental concerns. 

¶ New Water-Based Recycling Approach: 
o A water solution with sodium acetate, sodium iodide, and hypophosphorous acid was used. 
o Sodium acetate binds with lead ions, making them soluble. 
o Sodium iodide and hypophosphorous acid help regenerate pure perovskite crystals. 
o Significance: 

Á Major advancement for circular economy goals in solar energy. 
Á Minimizes hazardous waste and enhances material sustainability. 
Á Lays the foundation for scalable commercial use of perovskite solar technology. 

 

56. Silicon-Carbon Batteries 
Context: In recent developments, several Android smartphone manufacturers have transitioned from 
traditional lithium-ion batteries to silicon-carbon batteries to enhance device efficiency and performance. 
 
About Silicon-Carbon Batteries: 
What is Silicon-Carbon Batteries? 
o Silicon-carbon batteries are next-gen lithium-based batteries that use silicon-
carbon composite as the anode instead of graphite. 

¶ Cathode remains lithium-based, similar to lithium-ion batteries. 

¶ Anode is upgraded to silicon-carbon, improving energy storage per gram. 
Key Features of Silicon-Carbon Batteries: 
o Higher Energy Density: Stores up to 470 mAh/g vs 372 mAh/g of graphite and delivers more power in smaller 
volume. 
o Slimmer Device Design: Enables compact, thinner smartphones without sacrificing battery life. 
o Faster Charging Capability: Silicon allows faster lithium-ion flow, reducing charging time. 
o Lighter Battery Weight: Better power-to-weight ratio, improving overall device ergonomics. 
 
²Ƙȅ LǘΩǎ wŜǇƭŀŎƛƴƎ [ƛǘƘƛǳƳ-Ion Batteries? 
o Space Optimization: More energy in same or smaller size battery pack. 
o Enhanced User Experience: Thinner phones with longer screen-on time and better thermal control. 
o Future-Ready for EVs & IoT: Potential for electric vehicles, wearables, and AI devices due to scalability. 
 
Limitations of Silicon-Carbon Batteries: 
o Silicon Swelling: Silicon expands on charging, causing mechanical stress and early degradation. 
o Reduced Battery Lifespan: Higher wear-and-tear over multiple charge cycles. 
o Manufacturing Cost: Complex processing makes it costlier than standard lithium-ion cells. 
 

57. Blue Category of Industries 
Context: The Central Pollution Control Board (CPCBύ Ƙŀǎ ƛƴǘǊƻŘǳŎŜŘ ŀ ƴŜǿ Ψ.ƭǳŜ /ŀǘŜƎƻǊȅΩ ƻŦ ƛƴŘǳǎǘǊƛŜǎ ǳƴŘŜǊ 
Essential Environmental Services (EES), controversially including Waste-to-Energy (WTE) incinerators, 
previously classified as highly polluting Red Category industries. 
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About Blue Category of Industries: 
¶ What is the Blue Category of Industries? 

o The Blue Category was introduced by the 
CPCB to classify sectors that are essential 
for environmental management but are 
relatively low on pollutionτhowever, this 
has sparked debate. 

¶ Key Features of Blue Category Industries: 
o Recognized as part of Essential 

Environmental Services (EES). 
o Granted ŜȄǘŜƴŘŜŘ ǾŀƭƛŘƛǘȅ ƻŦ Ψ/ƻƴǎŜƴǘ ǘƻ 
hǇŜǊŀǘŜΩ ό/¢hύτup to 2 years. 

o Intended for projects that produce minimal hazardous waste. 
o Expected to align with circular economy goals. 

¶ Industries Included: Sewage Treatment Plants (STPs), Composting units, Biogas plants, Material 
Recovery Facilities (MRFs), and Waste-to-Energy (WTE) incinerators. 

¶ Colour-Based Industrial Classification Methodology:  MoEFCC, in collaboration with CPCB, introduced 
colour-coded industrial categorisation to guide zoning, surveillance, and pollution control. 

¶ Classification Basis: 
o Pollution Index (PI): Ranges from 0 to 100 

Á PI 0ς20: White (least polluting) 
Á PI 21ς40: Green 
Á PI 41ς59: Orange 
Á PI 60ς100: Red (most polluting) 

¶ Establishment: 
o Launched under the ΨwŜ-ŎŀǘŜƎƻǊƛȊŀǘƛƻƴ ƻŦ LƴŘǳǎǘǊƛŜǎΩ ŦǊŀƳŜǿƻǊƪ ƛƴ нлмс. 
o Empowered by the Environment (Protection) Act, 1986. 
o CPCB and State Pollution Control Boards (SPCBs) have authority to classify industries. 

¶ Procedural Criteria for Blue Category Inclusion: 
o No generation of hazardous waste or toxic emissions. 
o Must promote circular economy (reuse, recycle, resource efficiency). 
o Must align with Sustainable Waste Management Rules, 2016. 

 
 
 

Syllabus: Environment, Ecology & Conservation 
 

58. World Earth Day 2025 
Context: ²ƻǊƭŘ 9ŀǊǘƘ 5ŀȅ нлнр ƛǎ ōŜƛƴƎ ŎŜƭŜōǊŀǘŜŘ Ǝƭƻōŀƭƭȅ ƻƴ !ǇǊƛƭ нн ǿƛǘƘ ǘƘŜ ǘƘŜƳŜ άhǳǊ tƻǿŜǊΣ hǳǊ 
tƭŀƴŜǘέΦ 
 
About World Earth Day 2025: 
¶ What is World Earth Day? 

o Earth Day is an annual event dedicated 
to environmental protection and 
sustainability awareness. 

o It unites individuals, governments, and 
organizations to take action for a 
greener future. 

¶ Started In: First celebrated on April 22, 1970, 
after being proposed at the UNESCO Conference in 1969. 

¶ Theme for 2025: 
o άhǳǊ tƻǿŜǊΣ hǳǊ tƭŀƴŜǘέ 
o Focuses on the urgency to triple renewable energy generation by 2030. 
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o Emphasizes global collaboration to move away from fossil fuels and invest in solar, wind, 
hydro, tidal, and geothermal energy. 

¶ Significance: 
o Global Participation: Over 1 billion people in 192 countries actively take part each year. 
o Awareness and Action: Inspires tree planting, water conservation, cleanups, sustainable 

business promotion, and eco-friendly living. 
o Policy Impact: Drives conversations around climate policy reforms and green energy initiatives. 
o Environmental Stewardship: Strengthens community spirit towards preserving natural 

biodiversity and ensuring a healthier planet for future generations. 
 
 

59. Ice Stupas ς Artificial Glacier 
Context: Farmers in Gilgit-Baltistan region have successfully used ice stupas, inspired by Ladakhi engineer 
Sonam Wangchuk, to overcome water shortages. 
 
About Ice Stupas ς Artificial Glacier: 
¶ What are Ice Stupas? 

o Ice stupas are artificial glaciers shaped like cones 
that store winter water in frozen form. 

o Named after Buddhist stupas due to their iconic 
dome-like shape. 

¶ Science Behind the Formation of Ice Stupas: 
o Gravity-Fed Water Supply: Water is diverted 

from nearby glacial streams using gravity-driven pipelines, eliminating the need for pumps or 
electricity. 

o Spraying and Freezing Mechanism: At sub-zero temperatures during winter nights, water is 
sprayed vertically into the air, where droplets freeze mid-air and settle over a support frame. 

o Vertical Cone Formation: The ice accumulates into a cone-shaped structure (stupa), which 
reduces sunlight exposure and insulates the core, minimizing early melting. 

o Seasonal Melting for Irrigation: In spring, the stupa melts gradually from top to bottom, 
releasing water slowly to irrigate crops like apples, apricots, wheat, and barley. 

o Scientific Concepts Involved: The process uses phase change, latent heat storage, heat 
transfer, and hydraulic gradient to create a natural, low-cost water storage solution. 

¶ Significance: 
o Climate Adaptation: Addresses water scarcity in arid mountain areas affected by warming. 
o Agro-innovation: Enables multiple crop cycles annually instead of just one. 
o Low-cost, Low-tech: Sustainable, community-driven innovation requiring no heavy 

infrastructure. 
o Disaster Mitigation: Reduces dependency on rapidly melting glaciers, lowering flood risk. 

 

60. ¦b9{/hΩǎ .Lh/ha ǇǊƻƎǊŀƳƳŜ 
Context: ¦b9{/hΩǎ .Lh/ha ǇǊƻƎǊŀƳƳŜ ƛƴ aŀŘŀƎŀǎŎŀǊ ƛǎ ŜƳǇƻǿŜǊƛƴƎ ƭƻŎŀƭ ȅƻǳǘƘ ǿƛǘƘ ǾƻŎŀǘƛƻƴŀƭ ǎƪƛƭƭǎΣ 
offering sustainable livelihoods and reducing pressure on forest ecosystems such as the Montagne des Français 
Reserve. 
 
About ¦b9{/hΩǎ .Lh/ha tǊƻƎǊŀƳƳŜ: 
¶ What it is: The Biodiversity Conservation and 

Sustainable Natural Resource Management for 
Integrated Community Development (BIOCOM) is a 
flagship UNESCO initiative promoting conservation-
linked livelihood generation in Madagascar. 

¶ Launched by: UNESCO, in collaboration with the 
Korea International Cooperation Agency (KOICA). 

¶ Launched in: нлнлΣ ƛƳǇƭŜƳŜƴǘŜŘ ŀŎǊƻǎǎ aŀŘŀƎŀǎŎŀǊΩǎ aƻƴǘŀƎƴŜ ŘŜǎ CǊŀƴœŀƛǎΣ aŀǊƻƧŜƧȅΣ ŀƴŘ 
Andohahela protected areas. 
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¶ Aim: To conserve biodiversity while enhancing socio-economic resilience among local communities 
vulnerable to climate change and unsustainable forest exploitation. 

¶ Key Features of BIOCOM Programme: 
o Sustainable Livelihood Training: Offers training in masonry, metalwork, eco-tourism, cooking, 

and basketry to create alternatives to slash-and-burn agriculture and illegal logging. 
o Community Participation: Sets up local forest governance and conflict management systems 
ƭƛƪŜ άŘƛƴŀέ ŎƻƴǘǊŀŎǘǎ ǘƻ ǊŜŘǳŎŜ ŜŎƻƭƻƎƛŎŀƭ ŘŀƳŀƎŜΦ 

o Ecological Protection: Supports carbon sequestration, watershed preservation, and forest 
connectivity to counter deforestation and biodiversity loss. 

o Educational Empowerment: Establishes environmental education and sustainable 
development awareness, especially among women and school dropouts. 

o Resilience Against Climate Change: Targets Forest regeneration and flood prevention in 
erosion-prone zones by integrating nature-based solutions. 

  

61. AIM4NatuRe initiative 
Context: FAO launched the AIM4NatuRe initiative with UK support to enhance global monitoring of ecosystem 
restoration under the Kunming-Montreal Biodiversity Framework. 
 
About AIM4NatuRe Initiative: 
¶ What is AIM4NatuRe? 

o Accelerating Innovative Monitoring for Nature 
Restoration (AIM4NatuRe) is a global initiative to 
improve the monitoring and reporting of ecosystem 
restoration efforts. 

¶ Launched by: Food and Agriculture Organization (FAO) of the 
United Nations. 

¶ Funding Partner: United Kingdom, contributing GBP 7 million. 
¶ Objective: 

o {ǘǊŜƴƎǘƘŜƴ ŎƻǳƴǘǊƛŜǎΩ ŀōƛƭƛǘȅ ǘƻ ƳƻƴƛǘƻǊ ŀƴŘ ǊŜǇƻǊǘ ǊŜǎǘƻǊŀǘƛƻƴ ǇǊƻƎǊŜǎǎΦ 
o Support achievement of Target 2 of the Kunming-Montreal Global Biodiversity Framework τ 

restoring at least 30% of degraded ecosystems by 2030. 
¶ Features: 

o Technology Driven: Leverages cutting-edge satellite and data analysis tools. 
o Global Dataset Creation: Builds a harmonized global dataset on restoration. 
o Capacity Development: Trains countries to use data-driven restoration tracking methods. 
o Data Interoperability: Establishes standardized data formats for seamless integration across 

nations. 
o Inclusivity Focus: {ǳǇǇƻǊǘǎ LƴŘƛƎŜƴƻǳǎ tŜƻǇƭŜǎΩ ƳƻƴƛǘƻǊƛƴƎ ŜŦŦƻǊǘǎ ǿƛǘƘ Ǉƛƭƻǘ ǇǊƻƧŜŎǘǎ ƛƴ .ǊŀȊƛƭ 

and Peru. 
o Expansion: .ǳƛƭŘǎ ǳǇƻƴ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ C!hΩǎ AIM4Forests programme, extending from forests 

to all ecosystems including wetlands, grasslands, and marine areas. 
¶ Significance: 

o Fosters transparency, accountability, and ownership of restoration goals. 
o Bridges major data and reporting gaps τ addressing the needs highlighted by 80% of countries 

in the CBD capacity survey. 
o Promotes nature-based solutions to tackle climate change, biodiversity loss, and land 

degradation. 
 

62. DPS Wetland  
 Context: The DPS Wetland in Navi Mumbai has been officially declared a Flamingo Conservation Reserve by 
the Maharashtra State Wildlife Board. 

http://www.insightsonindia.com/
https://www.insightsonindia.com/2025/04/09/waves-of-environmentalism-in-india/
https://www.insightsonindia.com/environment/climate-change-and-associated-issues/
https://www.insightsonindia.com/2025/04/29/aim4nature-initiative/
https://www.insightsonindia.com/2024/05/31/the-kunming-montreal-global-biodiversity-framework-represents-a-critical-step-towards-reversing-the-global-biodiversity-crisis-however-its-success-hinges-on-overcoming-significant-challenges-across/
https://www.fao.org/newsroom/detail/fao-UK-aim4nature-to-ecosystem-restoration/en
https://www.insightsonindia.com/2025/04/08/faos-new-initiatives/
https://www.insightsonindia.com/2025/03/18/the-rising-role-of-data-driven-governance-has-improved-public-service-delivery-assess-the-risks-of-data-manipulation-and-privacy-violations/
https://www.insightsonindia.com/governance/governance-important-aspects/transparency/transparency-and-accountability/
https://www.insightsonindia.com/2025/04/18/dps-wetland/
https://www.insightsonindia.com/wp-content/uploads/2025/04/AIM4.jpg


 

www.insightsonindia.com       77  InsightsIAS 

 
About DPS Wetland: 
¶ Location: 

o Situated in Seawoods, Navi Mumbai, 
Maharashtra. 

o Spread over 30 acres, adjacent to the 
Thane Creek Ramsar site. 

¶ River Drainage: 
o DPS Lake forms part of the Thane Creek 

ecosystem, a tidal waterbody fed by 
numerous freshwater sources and marine influences. 

o Supports migratory birds on the Central Asian Flyway. 
¶ Key Features: 

o Acts as a critical feeding and resting ground for thousands of migratory flamingos. 
o Restoration of tidal flow and algae clearance initiatives were pivotal in reviving the wetland 

ecosystem. 
o A sensitive ecological buffer that strengthens climate resilience against floods and sea-water 

intrusion. 
About Flamingos: 
¶ What are Flamingos? 

o Flamingos are large, pink-hued wading birds known for their graceful necks, long legs, and 
downward-bent bills. 

¶ Scientific Name: The Greater Flamingo (found in India) is scientifically named Phoenicopterus roseus. 
¶ Key Features: 

o Physical: 
Á Height ranges between 90 to 150 cm; striking pink or rosy plumage due to carotenoid 

pigments from their diet. 
o Biological: 

Á Specialized filter -feeding with comblike structures inside their bills to sieve algae, 
crustaceans, and diatoms. 

Á Nests are conical mud mounds where one or two eggs are laid, with both parents 
incubating. 

o Social: 
Á Highly gregarious birds forming large colonies; engage in synchronized group 

movements and nesting. 
 

63. National Mission for Clean Ganga 
Context:  The National Mission for Clean Ganga (NMCG) has approved an annual master plan to integrate river-
sensitive urban planning under the River Cities Alliance (RCA). 
 
About National Mission for Clean Ganga (NMCG): 
¶ What it is: It is the implementation arm of 

the National Ganga Council for rejuvenating 
and managing the river, Ganga. 

¶ Launched in: Registered on 12th August 
2011 under the Societies Registration Act, 
1860. 

¶ Ministry Involved: Ministry of Jal Shakti 
(Department of Water Resources, River 
Development and Ganga Rejuvenation). 

¶ Objectives: 
o Prevention and control of pollution 

in river Ganga. 
o Ensure continuous adequate water 

flow for rejuvenation of Ganga. 
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o Implement river basin management strategies. 
¶ Key Features: 

o Two-tier management structure: Governing Council and Executive Committee, both headed by 
the Director General. 

o Executive Committee can approve projects up to 1,000 crore. 
o State Program Management Groups (SPMGs) act as state-level implementing arms. 
o Functions under a five-tier structure from national to district level. 

About River Cities Alliance (RCA): 
¶ What it is: A dedicated platform for river cities to exchange ideas, share best practices, and collaborate 

for sustainable urban river management. 
¶ Launched in: 2021 by the Ministry of Jal Shakti and the Ministry of Housing and Urban Affairs. 
¶ Objective: 

o Promote networking among river cities. 
o Enhance capacity building for sustainable river management. 
o Offer technical support and innovation-sharing platforms. 

¶ Key Features: 
o Open to all river cities in India; started with 30 member cities like Varanasi, Dehradun, Chennai, 

and Pune. 
o Secretariat housed at the National Institute for Urban Affairs (NIUA). 

 

64. AQUASTAT 
Context: The Food and Agriculture Organization (FAOύ ŎŜƭŜōǊŀǘŜŘ ол ȅŜŀǊǎ ƻŦ !v¦!{¢!¢Σ ǘƘŜ ǿƻǊƭŘΩǎ ƭŜŀŘƛƴƎ 
water-agriculture data platform. 
¶ The event featured the launch of the new AQUASTAT Dissemination Platform, enhancing access to 

global water data, aligned with SDG 6. 
 
About AQUASTAT: 
¶ What it is? 

o !v¦!{¢!¢ ƛǎ C!hΩǎ Ǝƭƻōŀƭ ŘŀǘŀōŀǎŜ ƻƴ ǿŀǘŜǊ 
resources and agricultural water management, 
providing open-access data on more than 180 
variables across countries. 

¶ Established by: Initiated in the 1990s by C!hΩǎ [ŀƴŘ 
and Water Division. 

¶ Launched by: Food and Agriculture Organization of the 
United Nations (FAO). 

¶ Core Objectives: 
o Monitor water use and irrigation globally. 
o Track Sustainable Development Goal (SDG) 6.4 on water use efficiency and water stress. 
o Support policy-making, planning, and international cooperation on water governance. 

¶ Key Functions & Features: 
o Data Coverage: Covers water resources, irrigation infrastructure, and efficiency indicators from 

1960 onward. 
o Dissemination Platform: New version features interactive maps, multilingual support, 

CSV/Excel downloads, and advanced search tools. 
o Used in Global Reports: Informs UN World Water Development Report, and supports national 

SDG reporting. 
o Collaborative Model: Engages member states to validate data and strengthen country-level 

capacity. 
 

65. Bio-Input Resource Centres 
Context: ¢ƘŜ aƛƴƛǎǘǊȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ ŀƴŘ CŀǊƳŜǊǎΩ ²ŜƭŦŀǊŜ ǊŜƭŜŀǎŜŘ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ ǎŜǘǘƛƴƎ ǳǇ .ƛƻ-Input 
Resource Centres (BRCs) to promote natural farming under the National Mission on Natural Farming (NMNF). 
About Bio-Input Resource Centres: 
¶ What is Bio-Input Resource Centres? 
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o BRCs are cluster-level enterprises that provide farmers with locally prepared natural farming 
inputs like bio-fertilizers, bio-pesticides, and organic formulations. 

o They also act as knowledge hubs to train and guide farmers transitioning to natural farming 
practices. 

¶ Established Under: Launched under the National Mission on Natural Farming (NMNF). 
¶ Objectives: 

o Facilitate easy availability of quality bio-inputs for farmers. 
o Support farmers with technical knowledge on natural farming methods. 
o Promote the scaling-up of natural farming practices across villages. 

¶ Features: 
o Financial Support: Rs. 1 lakh per centre in two tranches of Rs. 50,000 each. 
o Entrepreneur Eligibility: Must practice or be willing to adopt natural farming. 
o Customized Inputs: Inputs to be developed based on local soil, crop patterns, and farmer 

needs. 
o Training Support: Train farmers on botanical extracts, bio-input preparations, and pest 

management tools. 
o For-Profit Model: BRCs are intended to be sustainable ventures supporting local economies. 
o Market Facilitation: Explore convergence with FPOs, SRLMs, and agriculture marketing boards. 

About National Mission on Natural Farming (NMNF) 
¶ What is NMNF? 

o NMNF is a Centrally Sponsored Scheme aimed at promoting chemical-free, sustainable 
agriculture rooted in local agro-ecology and indigenous knowledge. 

¶ Objectives: 
o Promote natural farming to ensure safe and nutritious food. 
o Reduce dependency on external chemical inputs and lower cultivation costs. 
o Build healthy soil ecosystems, promote biodiversity, and enhance climate resilience. 

 
  
 

66. Similipal National Park 
Context: The Odisha government has officially notified Similipal Tiger Reserve as a National Park, making it the 
107th national park in India and the second national park of Odisha after Bhitarkanika. 
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