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Syllabus: Economy

1. w. LQ& wSYAGOlFIyOSa {dzNBS@& wunup

Context:Thew . L Q 824 Remiitances Survegveals a historic shifAdvanced Economies (AESWwW
contributeover5092 ¥ LY RA Ll Q& NB YA ({Gill(370%)ér the fstitihd.Jr s deflegtschandng
migration patterns and economic priorities.

YS& CAYyRAYy3I&a ~7 = '
Remittances Survey (2023 SWARAJYA
24) 3 : e !
f Dominance of Chart 1: Top Remittance Receiving Countries
Advanced

EconomieslJSA
(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

USS hilkon

. . 0% ;
3 B8 B 2 5 e e R T e S0 O S e 5 2
than Saudi Arabia g EEEEEEEREERGR R R RernafBBH R
0 i 0 Bk !
(6'7 /0) and KUW&It - .i in rh:““;‘: of crom<ounty comparison. emittances Rave been comsidered 0 be the sum of compensation of employees under paimary income
(3 9%) com blned account and personal tzanalens under secondiry tiscome account tn BoF stattatics

1 Decline in Gulf
Contributions:D / [ (  Seurce:land World fank
share dropped
from 46.7% (201617) to 37.9% (20224).E.g. ! 9 Q& & K| 268% ® Hf2%ue Foa® Y
nationalization policies likaudisation

1 Skilled vsUnskilled Remittances?8% of Indian migrants in the USork in highpaying sectors (IT,
finance, healthcare), sending larger suliggh y S { Af A 02y I ff S& Sy 3IAy S
O2yaiNUzOGA2Y 62N] SNR&a SINyAy3ao

1 Student Mobility Driving Flows13.4 lakh Indian students abroafCanada: 32%, US: 25.3%) boost
remittances via education loans and pastidy earnings.

1 Resilience During CriseRemittances from AEs stayed stable dui@@VIB19, while Gulf flows dipped
sharply.

Reasons Behind the Shift: Gulf fedvanced Economies

1 Ddzt FQ& 9 O2 vy 20ilpie volitilitfahdSatiah&ization policiess S @3 d> ! I 9 Qa4
reduced lowskilled jobs for Indians.

1 Higher Wages in AEBurchasing power paritgndstronger currenciegUSD, GBP) amplify remittance
values.

1 Skilled Migration SurgeSTEM professionais the US/UK earB-5x Gulf salaries
E.g.Indian IT workers in the US rerit 5¢20K/year.

9 EducationDriven Migration:! Y Qa D NJ Rradt ki $ | R R Qditradt Sildnts who later
transition to highpaying jobs.

1 PolicySupport:Bilateral pacts likéndia-UK Mobility Partnership (2021fripled Indian migrants to the
UK.

Implications for India:
1 Economic StabilityRemittances ($118.7B in 2023) fundn #> 2 F L Yy RA | r@écing fdkexR S
pressure.
1 Reduced Dependence on Gulfower exposure toil-driven Gulf recessionand migrant worker
crises(e.g., 2020 Kuwait firings).
1 Brain Drain Concern$killed exodudo AEs may deplete domestic talent in critical sectors like
healthcare and tech.
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1 Regional DisparitiesStates likekerala (GuHdependent)may face slowdowns,
while Telangana/Karnataka (Hf8cused)benefit.

1 Digital Remittance GrowthUPIPayNow linkagéIndiaSingapore) cuts transfer costs 184 boosting
inflows.

Way Forward:
1 Skill HarmonizationAlign Indian qualifications (e.dNSQfF with global standards to

preventdeskillingof migrants.

1 Bilateral Labor Agreement€xpand pacts likindia-Japan SSWo secure fair wages and rights for lew
skilled workers.

1 Cost ReductionScaleProject NexugASEANNdia FPS linkage) to cut remittance fees beB8&(UN
SDG target).

71 Diversify Migration DestinationsPromote opportunities ifEast Asia (Japan, South Koréayeduce
over-reliance on AEs/Gulf.

1 Leverage Diaspora BondissueResurgent India Bond®.0to channel remittances into infrastructure
projects.

Conclusioni YRAF Q& NBYAGOlI yOS & dintliSalert ddniviande@itdlemdmdREsig O 2 )
agility to addres$rain drainand Gulf decline Bylowering transfer costssecuring migrant rights
anddiversifying destinationsIndia can transform remittances into sustainable growth drivers.
PYQWLYRALFY RAFALRNI KIFIa I RSOAaAaA@®S NRtS G2 LI @

| 2dzy i NAS&QP / 2YYWPFR2p A 1K SEF YL Sao

2. Labour Reforms for Viksit Bharat

Context:India faces gobs deficitwith only 6 crore formal jobs created for 9 crore new workagg citizens
since 201718. Rapidautomation and capitatheavy growththreaten employment, needing urgent reforms for
Viksit Bharat.

Importance of Labour Force foriksit Bharat
1 Demographic DividendWithc p:’2 2 F LY RA | Q& , pdavididgiptodudtide\empiayhierd iNJ
key to longterm growth.Ex.: China leveraged youth power via labmtensive manufacturing from

1990;2010.

T Structural TransformationTransition from agriculture tbigh-value sectordike IT and pharma
requires askilled workforce Ex.: These sectors contribute 8% to GDP but employ only 5% of the
workforce.

1 Inclusive Growth Formal employment helps redugmverty
and income gap$y raising consumptiorex.: MGNREGA
boosted rural wages but lacks skilling for sustainable
upliftment. i

1 Global Competitivenesd:owO2 & G f | 6 2 dzNJ Sy
attractiveness foFDI in exportoriented sectors EXx.: ;
+ASGylrYQa GSEGAES 0622Y 61 a

{1 Social StabilityJoblessness can leaddocial unrest and
migration crisesEx.: 2020 lockdown saw mass distress
among unemployed migrant workers.

[ KIftSy3S&a ClI OSR aExpdingdRA I Qa | e .

1 Skill Deficit:Only10% of the workforcehas formal vocational training, limiting employability.
Ex.: PLI in electronics faces hiring issues due to unskilled labour shortages.

1 Capitatintensive Growth:Automation and Al are reducing demand fow-skilled, repetitive jobs
Ex.: 30% manual textile jobs lost to robotics (ICIR24).

1 Informalization: 90% workforceremains informal, withousocial protection or legal safeguards
Ex.: Gig workers laédPFQhealth or insurance coverage.

1 Requlatory HurdlesRigid labour laws detanassscale hiringoy small and medium enterprises.
Ex.: Posteform Rajasthan saw a 25% rise in MSME registration.
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Balancing Labour & Capital for Viksit Bharat:

1

Wage StagnationReal wage growth remains sluggishust 2% annually (ILO 20£2022)

EXx.: This reduces incorted demand and impacts consumptiainiven growth.

ConclusioniTo realize ViksBharat, India must balance skill development with capital investment to create a
tech-ready workforce. Flexible labour reforms should formalize jobs while maintaining worker protections.
Datadriven policies like NSEXLSO partnerships can align traininghaindustry needs for sustainable
employment growth.

PYQMost of the unemployment in India is structural in nature. Examine the methodology adopted to compu
unemployment in the country and suggest improvements. (UEE3)

3.
Context:Indian Commerce Minister sharply criticized the Indian startup ecosystem for being focused on
consumercentric ventures like food delivery apps, calling for a shift toward eeep innovation.

About Indian Startup Ecosystem

1

1

Indian Startup Ecosystem

PLIELI Synergyt:inkproduction incentives with employer incentivefor hiring trained workers.

Ex.: Drone firms rewarded for hiring Ekftified youth.

Graded Skill Subsidie©ffer higherEPFO subsididsr firms employing skilled youth in niche sectors.
9E®Y DSNXIyeQa Rdza t aeaiasSy of SyRa AyRdzaGNE
Labour ReformsEnableflexible hiringand fixedterm contracts to boost employment elasticity.

9 E®Y D dzeterMipdiic® ancotirageddimal job creation.

ITI RevampAlign ITI curriculum witmarket demands and tech advancements

9EDY ¢2e2il Q& WL sectorakill&Fdining.y 4§ SANI G4 S& | dzii 2

R&D in Labouintensive SectorsPromoteAl-complementary employmenin sustainable and
traditional sectorsQ E®Y LYy RALF Q& &a2f I NJ SySNH& &SO02NJ I RRS

1
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Third Largest Startup Ecosystem Globallydia has ovel00+ unicornsdriven by digital payments;e
commerce, and consuméech. E.g.India added over 20 unicorns in 2023, with many focusing on
logistics, eetech, and fintech.

Policy Backing from the Governmenhitiatives likeStartup India, Digital IndiaandindiaAl Mission
have enabled startup growtle.g. mn =~ n nn etk RiBd abd3n8ia Bemiconductor Mission are
recent efforts.

Youth and Talent PookVith over65% of the population under 33ndia has a rich base of teshvvy
youth and engineer<.g.India produces over 1.5 million engineers annually.

High Global Visibilitylndian-origin leaders lik&undar Pichai (Googlend Satya Nadella (Microsoft)
exemplify Indian tech prowess globalB.g.Indian founders are also at the helm of Al, cybersecurity,
and fintech ventures abroad.

Improving Digital InfrastructurelUP| Aadhaar, and BharatNet have laid a digital foundation for
startups to thrive E.g.India processed over 100 billion UPI transactions in 2023.
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YSe& LaadzSa Ay Lyl . . g
Ecosvstom: W INDIA VS CHINA: DEEP-TECH

1 ConsumefTech Saturation: STARTUP ECOSYSTEM
Heavy focus on shodycle
consumer ventures like quick Investment Gap:
commerce and food de”very_ China in‘ves!ed $845 billion in t'ech i2014i2024‘1, while mduta spent

only $160 billion, limiting India’s deep-tech growth potential
E.g.Most unicorns are not
deeptech but rely on B2C Patent & Innovation Lead:
.. China filed 38,000+ generative Al patents, dominating 57 of 64
eﬁ|C|ency and Customer critical technologies, showcasing its global tech leadership.
acquisition. ‘ _

ﬂ LOW DeeBTeCh FundinCJZ lz?.lrfgr?vEgggrﬂ?jiﬂi{ﬂ?Tx breaks, and state-driven R&D
StartupS in Al, quantum, or zl}iﬂsﬁ‘[ﬂk:.mﬁ:f China 2025; India’s support is growing but
SpaceteCh geta fraction of Talent Retention vs Talent Exodus:
funding Compared to Ch|na (0]] -Cmna retains domestic talent through structured incentives, while

India faces a “brain drain”, with top innovators excelling abroad due
the USE.g.Deeptech to limited support at home.
startups received $1.6 billion Faster Lab-to-Market Pipeline:
in 2024’ despite a 78% YOY ;ﬂ)r{wi:‘:e;er:rﬂ;%:l;r:‘s(::il;:[;shdweclly link with industrial application,
rise.

1 Limited RiskTaking by VCs:

Indian VCs seek quick returns and avoid {gegtation tech projects. E.g.Unlike US
investors backing 10+ year ventures (like SpaceX), Indian VCs are conservative.

1 WeakAcademialndustry LinkagesPoor R&D infrastructure and limited collaboration between
universities and startup€.g.Indian universities rarely feature in global innovation or patent rankings.

1 Requlatory BottlenecksAngel tax (now scrapped), compliance overload, and exit barriers discourage
innovation.E.g.Complex regulatory norms reduce startup ease of doing business.

Way Ahead:

1 IncreasePublic Investment in R&[CRaise R&D spending to at le286 of GDFrom the current subl%
level.E.g.US, Germany spend over 3%; China 2.6%dia lags far behind.

1 Strengthen Academi¢ndustry CollaborationBuild Centres of Excellence for Al, quantum, and
semiconductors with institutional supporE.g.Link 1ITs with emerging startups in deferteeh and
biosciences.

1 Focus on Education and UpskillingevampSTEM educatioto train students in emerging
technologies early orE.g.NDTSP 2023 pushes for early exposure to Al, robotics, and semiconductor
design.

1 Provide Patient CapitaEncourage longerm VC funds and sovereign wealth support for déegh
innovation.E.g.Rs 10,000 crore De€pech Fund should be scaled and strategically deployed.

1 Streamline Regulatory Suppor8implify IP rights, fagtack patent approvals, and remove bottlenecks

ConclusionL. Y RA I Q& &0 NIdzLd SO2 &e@ & S Ytech Bas built fokngatiohay skdn@hd,i A
but deep-tech is essential for strategic sovereignty and global leadersiith the right policies, patient
capital, and education reforms, India can script a new era of transformative innovation.

in funding and FDE.g.Adopt a NASEDARP Astyle missiormode structure to back moonshot
projects.

=N

2y

PYQMWhat 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 thdicro Loan and Small Loéirevention of Coercive Actions) Bill, 2024, following
rising borrower suicides and public backlash against coercive recovery tactics by unregistered microfinance
agents.

www.insightsonindia.com 4 InsightsIAS
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What isMicrofinance? Fig 1.4 : Region wise number of SHGs saving linked
Microfinance provides small loans

savings, insurance, and remittance 777"
services to lowincome, unbanked """
populations.
Evolved in the 1980s with SHG
Bank Linkage Programme; 00000
institutionalised via NABARD and .,,,.00
later regulated by RBI. 1500000 I

1l V

1000000
3500000

3000000

Eg!la 2F C,HpP VO 2 oo
microfinance loan portfolio 500000 I I

[j 2 dZC) K S Ii Y q)CbM t Y Northern th Eastern Easte
report).

m Vestern Southern

T

Centr:

Regi Regior

Region Region

3080 13555604 1688451 1244070

787807 793320 3030551 1832040 1927560 1131805

Significance oMicrofinance m2023-24
Institutions (MFIs) in India
1 FEinancial Inclusion CatalyskiFIs reach rural poor, especially women, outside the scope of formal
banking.E.g.Karnataka alone has 63 lakh unique microfinance borrowers (MFIN data).
1 Women EmpowermentMany MFIs lend primarily to women, promoting financial independence and
social mobility.
1 Livelihood GenerationMicroloans support agriculture, dairy, petty trade, and MSMEs.
1 SHGDriven DevelopmentSHGBank Linkage Model has mobilized over 1 crore SHGs across India.

809120 042546 1-;|.\"|_3H 2031019 2005643 1284778

Eg. mannnnn ONRBNB ONBRAG RA&AO0OdZNEASR GAl {1 Da Ay

1 Rural Credit FlowReduces informal sector borrowing and exorbitant interest rates.
E.g.MFIs offer loans at X26% interest vs 6{120% by moneylenders.

Problems Plaguing Microfinance Institutions:

1 Coercive Recovery Practicesggressive recovery by unregulated MFIs leads to harassment, suicides
E.g.Karnataka reported 288 deaths in 6 months due to loan stress (The Hindu).

1 Unrequlated Playerskly-by-night lenders operating without RBI registration.

71 Political Interference & Moratorium CultureElection promises of waivers disrupt repayment culture.
Eg! a4l YQ&a Hnum aCL ONRA&AAA RdzS G2 t2Fy 61 ABSNJ

1 Overindebtedness & Multiple Loand:ack of centralized credit tracking causes debt spirals.

1 Data Transparency & Credit RidRoor credit assessment models aiBA surges.
EgYl NYyFGFE1{F acL f2Fy 06221 RNRLILISR FNRY NHZIAJ

Way Forward:

1 Legal Framework & Licensingmplementthew. L Q& C I A NJ& tedtidct@iirégiSt&red lendark S

1 Grievance Redressal Mechanis®et up local ombudsman system for borrower complaints.

71 Credit Information Integration:Use credit bureaus to prevent ovanding and borrower
overexposure.

1 Financial Literacy CampaigriSducate borrowers on debt limits, repayment norms, and legal
protections.

1 Ethical LendindPracticesEncourage social performance rating of MFIs and community monitoring.
E.g.Post2011 reforms in Andhra Pradesh improved transparency and borrower rights.

Conclusion? KAf S YAONRFAYlI YOS LXFea  LAG20LIf NBES Ay
the Karnataka crisis reveals systemic flaws in regulation and borrower protection. A balanced approach is
needed one that ensures credit access while uphotgborrower dignity and institutional accountability.
PYQMWhat are the main constraints in transport and marketing of agricultural produce in I{die®€2020)
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5. Automotive Industry Landscape in India

ContextLY RAI Q& LINBYASNI GKAy] Gly(1= bL¢L !F&23s Ay 0
Gl dzi2 Y2 (§AGS LYRAZEAGNEY t2¢SNAY I L o&ihihgRstratedickFadm@mi LI

to make India a key global auto component manufacturing hub.

Global Automotive Components Market (~2 Trillion)
About Automotive Industry
Landscape in India: Cooling systems 5
Global Ranking & Output: ST —
India is thedth largest ‘
automobile producerglobally, 7 Temmsen sdsieas
with 28 million vehicles
manufactured in 20284
across all segments (two
wheelers to commercial
vehicles).

COMPONENTS
Others

Others 49%

Suspension and Breaki

® Cooliing systems

Export TrendsAuto
component exports reached i s s Ot

$20 billion, forming 3% of <
global trade in 2023. India aim:

to triple exports to$60 billion

by 2030.

Domestic Market GrowthA booming middle class and policy incentives have led to increased demaadgor
and small cars

Value Chain Positioning: Y RA F Q& G NF RS NI {0192 (batafced inigir@xpod)? highlighying v i A

untapped export potential.
Policy SupportKey government schemes inclugéel,FAMEII, PM EDrive, andACC Battery Storage
catalysts for manufacturing scais.

Importance of Automotive Sector in Indian Economy:
1 GDP ContributionAccounts for ® Mz 2 ¥ laytiRéalydd% of manufacturing GDP

EgLYRALFIQa | dzi2z AYRdAzZAGNE &dzZLJJ2NIA& 20SNJ o YAf A

71 Linkages with Other Sector§trong backward and forward linkages watieel, rubber, electronics,

glass, Ietc.Egmp:z 2F LYRAIFI Q& aiGSSt 32Sa G2 ldzi2zY2(A ¢

1 Employment GenerationPotential to add2¢2.5 million jobsby 2030 with planned scaling.
E.g.Skilled and serrskilled roles in OEMs, ancillaries, and EV startups.

1 Technology SpilloverDrivingAl, battery innovation, and Industry 4.0 adoptioacross sectors.
E.g.Automotive is the biggest consumer of semiconductors after electronics.

1 Export CompetitivenessAims to increase GVC share from 3%%0

EgLYRAFI Q&8 OdzNNByild aKFINB Ay 3JFt2o0lf O02YLRYSyld

Key challenges faced by automotive industry:

71 Cost Disadvantagesndia faces-10% cost disabilitgompared to China, mainly due to higher material
and capital costE. gL Y RA T KIF & | mMnm: RSLINBOAIFGAZ2Y NI 4GS

1 Low Share in Precision Componen@®nly 24% share imngine and transmission systemghich
form 60% of global auto component trade.g.Weak competitiveness in ADAS, steering systems.

1 Import DependenceHeavy reliance ofhina, South Korea, Germarfigr high-end parts E.g.Imports
from China: $2.8B in 202234.

71 Infrastructure & Logistics Bottleneck®elays in multimodal connectivity and insufficient auto clusters.
E.g.Higher domestic freight costs reduce export margins.

1 R&D andSkill Gapslnadequateindustry-academialinkages, limited skilled workforce in EV and
software-led automotive technologie€.g.EV battery cell manufacturing talent is limited.

Way Ahead:
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1 Expand Component ProductioiBcale up t&145 billionoutput by 2030, focus on emerging &
precision segmentd$.g.Focus areas: EV batteries, ADAS, smart sensors.

1 Boost R&D and IP Suppostrengthen innovation through fiscal R&D incentives, testing labstesid
transfer schemesk.g.Clusterbased approach with IP cells and CoEs.

{1 Build Smart Infrastructure Invest in logistics parks, pkamd-play clusters, and testing facilities.
E.g.Smart automotive hubs in Tamil Nadu and Maharashtra.

1 Deepen Global Trade LinkagdseverageTAs, jointventures | YR 0 NI} Y RA Y 3 & dzLILR NI

LYRALF £ | dzi #£.g.daELland Bgrilikirade deals in focus.
1 Skill India for Auto GVC&aunchGVC Skilling India Scherteetrain for hightech auto jobs.
E.g.Emphasis on battery tech, mechatronics, and vehicle software.

ConclusionL. YRA I Q& | dzi2Y2GA @3S aSOG2NI A& G I ONRGAOIf
integrate into global value chains. With targeted reforms, skilling, and investment support, India can become
world-class hub foEV components, auto electronics, and precision systenriving both domestic growth

and global competitiveness.

PYQu { dzOOS&da 2F Wal 1S Ay LYRAFQ LINRINIY RSLISYyRa 2
NEF2NX¥adé 5Aa0dzaa ¢AI1) £ 23A0FE F NBdzYSydaod o) {t/

Syllabus: Infrastructure

6. Indian Inland Waterways

Context:India recorded an alime high of 145.5 MMT cargo movement through inland waterways in FY;2024
25, up from just 18.1 MMT in FY 2@13. This marks a CAGR of 20.86%.

Key Statistics omndian Inland Waterways

1 Cargo Trafficincreased from 18.1 MMT (FY14) to 145.5 MMT (FY25).
1 National Waterways Expanded from 5 (2014) to 111 (2024) under the National Waterways Act, 2016
71 Operational Lengthincreased from 2,716 km (20445) to 4,894 km (20224).
1 Passenger Movemenffouched 1.61 crore in FY 2@23.
1 Top CommoditiesCoal, iron ore, sand, fly ashaccounting for over 68% of cargo.
Achievements in Inland Waterways:
¢ Digital Innovations:LADIS. RIS GOVERNMENT INITIATIVES TO STRENGTHEN IWT:
PANI, Cab, MIRS improve [T f
navigational safety and efficiency. \ \) / \) 2 e )
1 Infrastructure Push3 MMTs Regulatory 4
- - . . Jalvahak Scheme: ) Digital Reforms:
(Varanasi, Sahibganj, Haldia), 1 IV ?95.42 Crsubsidy | | Tropienork (2029) “Centralised
S At for shifting cargo : ; portal for vessel
(KaIUQhat)’ cor_nmumty Jetties, from :o;d/railrto terr:,r;ng/tjrgégss;?]der and cr;w
green vessels introduced. NWs; 35% operating National Waterways registration (like
1 Policy Milestonesi.aunch of Gt (et Regulations | | Vahan/Sarath.
Jalvahak Scheme, extension of
. C i ion: <
Tonnage Tax o inland vessels. e W e
1 Global Model:IWT seen as cost Freight village Shyama Prasad hydrogen and
effective and sustainable Cocliodl | nsoaill | ke
alternative to rail/road. PSU engagement. efficiency. initiatives.

. | _J
Challenges to Inland Waterways: @ @ @

1 Sparse Industrial Hubd:ack of
major industries near waterways reduces freight volume, affecting viability of IWT corridors.

1 Multimodal Bottlenecks Poor connectivity with rail and road networks delays cargo movement and
increases logistics costs.

1 Seasonal Depth Fluctuation®Vater levels in rivers drop during dry seasons, disrupting-y@amd
navigability and consistency in services.
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1 Environmental Concernd:argescale dredging can harm aquatic ecosystems; sustainable developme
is crucial to preserve biodiversity.

1 Low Modal ShareOnly 2% of total cargo uses waterways despite potential; underutilization keeps
freight costs higher than optimal.

Way Ahead:
1 Boost Private Sector ParticipatiofEncouragd®PP projectfor developing terminals, jetties, and cargo

handling facilities to enhance efficiency.

1 Capacity BuildingTrain inland vessel crews, logistics staff, and port operators to improve operational
readiness and safety.

1 Environmental Normsimplement green dredging technologies and ddendly port designs to
minimize ecological footprint.

1 Awareness Campaignstighlight economic and environmental benefits of IWT to attract industries anc
shift cargo from road/rail.

1 ExpandMultimodal Hubs Develop integrated logistics parks linking waterways with highways and rail
to streamline eneto-end transport.

Conclusioni YRALF Q& AYyflyR gFGSNJ GNIYyALRNI Aa gAGYSaany
development. The future lies in maintaining this momentum through green technology, digital transparency,
and industrial synergy. A waliled IWT sectdd OF' Yy NBRSTFAYS LYyRAIQa t23A4ai

7.5SOI Nb2yA&AYI LYRAIQa [23Aa0GA0a {SOG2NJ
Context:India is prioritizing decarbonisation of its logistics sector as part of the broader Viksit Bharat 2047
vision and its commitment to achieving retro carbon
emissions by 2070, with pilot projects like electrified highways
gaining momentum.

What isDecarbonisatior?

1 Decarbonisatiorrefers to the process of reducing carbo;
RA2ZEARS o0/ hi o SYA&adaArzya :
cleaner energy sources, increasing energy efficiency, o=
adopting lowcarbon technologies. =

1 It works by shifting from fossil fuels tenewables (solar, B
wind), electrifying transport, and using green fuels like ‘
hydrogen and LN@hereby cutting carbon intensity across value chains.

bSSR F2NJ 550 Nhigigssecthry I LY RALF Q&

1 High Emissions Sharkogistics contributes arourtB.5%2 ¥ LY RALF Q& G241t I NBS
with road transport responsible f@8%(IEA, 2020).

1 Energy Dependencyearly90% of passenger movemeand 70% of freightdepend on road
transport, increasing carbon footprint.

1 Vision 2047 GoalsAchievingnclusive and resilient growtHor Viksit Bharat needs a futiready and
ecofriendly logistics network.

1 Sustainable Global CompetitivenesB:NBE Sy f 23Aa0A0a oAttt 022aid Ly
meet international climate obligations.

Challenges to Decarbonisation:

1 Road Freight Dominancéieavy dependence on trucks, which contribute88%2 ¥ / hi SYA &
2023), makes transition difficult.

T High Transition Cost<€lectrification of trucks and infrastructure likengghways require large upfront
investments.

71 Inland Waterways and Rail Shareimited modal share of inland shipping and railways restricts faster
low-carbon transitions.

1 Warehouse Energy Us€onventional warehousing is energyensive, with low penetration of
renewable energy systems.
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1 Slow Maritime TransitionClean fuels like LNG, ammonia, and hydrogen adoption in shipping face
technological and financial barriers.

Way Ahead:

1 Rail Freight Expansio® y KI yOS NI Af 6 &848Q &KINB o6& SELI yRAY

F2tft26Ay3 / KAYlFIQa Y2RSt opx: aKINBOO®

1 Ehighways for TrucksAccelerate projects like thBelhiJaipur electric highway piloto introduce
overhead electric wires for trucks.

1 Green Shippingtnvest inLNGpowered vesselssolarassisted boatsand hydrogen fuel initiatives in
inland waterways.

1 Renewable Warehousindg®romote solar, wind, and geothermal energy adoption in warehouses to
reduce operational carbon footprint.

1 Policy Push and IncentiveRrovide financial incentives for green logistics innovation and create
integrated decarbonisation strategies across transport sectors.

Conclusion5 SOF ND2yAadAy3d LYRAFIQa f23AadA0a aSOi2NI Aa $

building aresilient, competitive, and inclusive economyVith strategic investments and faster execution,

India can lead the global green logistics transformation by 2047.

PYQDiscuss 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.
(UPS022)

Syllabus: Agriculture

8 LYRALFQA ! ANAROdz GdzNF £ / NRPaaANRI Ray Df2olf ¢NJ

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:

1 Boosts Export RevenueEnhanced global access
allows Indian produce like spices, rice, and mangoe
to earn valuable foreign exchange.gL Y RA I Q&
billion agricultural exports to the US highlight this
opportunity.

1 Encourages Technology Transférade agreements
can attract foreign investment in Agiéch and rural
infrastructure.E.gFTAs with developed countries cal
bring in cold storage tech and logistics.

1 Improves Market Efficiencyintegration encourages better price discovery and competition, benefiting
high-quality producers.

1 Strengthens Diplomatic Tie¢: NI RS LI NIYSNEKA LA FfA3dy gAGK Ly
forums like WTO and BRICS.

1 Diversifies Supply Chainbnport of critical inputs like palm oil and fertilisers ensures production
continuity. EgL Yy R2y SaAl Q& LI tY 2Af SELRNI o6ly AY HAH

Importance of Domestic Food Security:

1 Supports Rural Livelihoods: 3 NA Odzf G dzNB SYLJX 284 nw: 2F LYRALI QG
farmers.E.g.100 million dairy farmers rely on tariff protection for survival.

1 Ensures Nutrition StabilitySelfreliant food production protects the poor from price shocks during

global crises.

1 Reduces Dependence on ImporfBomestic food resilience shields India from global supply
disruptions. E.g.Ukraine war spiked fertiliser prices due to overdependence.

1 Preserves Political Stabilityzood insecurity can lead to social unrest, especially in rural and agrarian
regions.
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1 Empowers Strategic Sovereignt8eltsufficiency in food enables policy autonomy without external
pressure.

Key Challenges:
f Subsidy WarsDeveloped countries offer heavy subsidies, distorting globaiteayie.
E.g.US $10B farm aid makes their exports artificially competitive.

1 Pressure from FTA®emands from nations like New Zealand for dairy access risk destabilising local

producers.

1 lllegal Imports:Despite bans, Chinese garlic enters India, collapsing prices for domestic growers.
WTO Scrutinyt Y RA I Q& a{t aeéadtSy Aa OKIftfSyaSR o0& 2¢
1 Dual Burden of TariffsHigh tariffs protect farmers but trigger retaliatory duties and limit export

access. Eg! { WNBOALINROFf GFNARATFTFQ L2t AO& dzy RSNJ

=a

Balancing Global Integration with Domestic Food Security:

{1 Calibrated LiberalisationGradually lower tariffs only in nesensitive sectors while safeguarding core
crops.

1 Negotiate InvestmentFocused FTA&ocus more on Agimvestment and tech sharing than tariff cuts.

1 Strengthen Domestic Competitivenesiivest in storage, logistics, and seed innovation to empower
Indian farmers.

1 Enhance Import Surveillanc&ighten customs checks to prevent illegal or substandard imports.

1 Push WTO ReformAdvocate for transparent, equitable subsidy norms in global platforms to ensure
fair play.

Conclusionindia 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 comp#tieness.

PYQMWhat are the present challenges before crop diversification? How do emerging technologies provide a
opportunity for crop diversification? (UP2021)

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 SeedsPraditional seeds, also call@tigenous heirloom, or desi seedsare native crop
varieties that have beenaturally cultivated, saved, and exchanged by farmenger generations. Unlike
hybrid orgenetically modifiedGM) seeds, they ampen-pollinated, meaning they can be replanted without
losing their genetic traits.

Key Characteristics of Traditional Seeds:

1. Genetic DiversityAdapted tolocal soil, climate, and pestsver centuries.

2. Climate ResilienceNaturally resistant talroughts, floods, and diseases

3. Low Input DependencyRequireminimal chemical fertilizers, pesticides, or irrigation
ExampleDesi cottonuses 70% less water than Bt cotton.

1 Nutritional Superiority. Richer irmicronutrients, fiber, and antioxidantshan hybrid varieties.
ExampleFinger millet (Raghas 3x more calcium than milk.

71 Cultural & Ecological Significandeinked totribal diets, festivals, and organic farming.

Importance ofTraditional Seeds in India
1 Biodiversity ConservationPreserve genetic wealth essential for food secuiy.Y SNJ f | Q& t
rice tolerates saline water.
71 Nutritional Value:Contain higher fiber, minerals, and micronutrients than modern craps..Kodo
millet has 3x more fiber than wheat.
1 Climate Adaptation:Sustain production amid erratic weather, pests, and diseBgg:Bhut Jolokia
chili (Assam) thrives in high humidity.
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Farmer Autonomyfree farmers from annual seed purchases and dependé&ngyy /&> 2 F LY R
cotton farmers rely on expensive GM seeds.

Soil Health:Support ecological balance and enrich soil naturéllg.:Red Rice (Manipur) enhances soll
fertility naturally.

Key Initiatives Taken to Conserve Traditional Seeds in India:
1. Navdanyva Seed Network: Led by Dr. Vandana Shiva, it has conserved over 4,000
indigenous seed varieties through 150+ community seed banks across India.
2. Odisha Millet Mission (OMM): Promotes traditional millets like ragi and foxtail

millet by integrating them into PDS and supporting over 1,200 farmer SHGs

conserving 500+ seed varieties.
3. MSSRF’s Tribal Agrobiodiversity Centre: Focuses on reviving climate-resilient

native crops through participatory seed conservation and farmer-led consultations.

4. Kndumbam NGO (Tamil Nadu): Revived 100+ native paddy varieties via farmer-

scientist participatory breeding programs and sustainable seed exchanges.
5. National Bureau of Plant Genetic Resources (NBPGR): A central institution under
ICAR conserving 4.5 lakh seed samples, including 70,000 traditional varieties across

gene banks.

Challenges Faced by Traditional Seeds in India:

1 Market DisincentivesPoor procurement and support prices discourage cultivatibg.:Only 6% of
LYRAIFQ& NAOS LINRPOdzNBYSyid Aa GNIRAGAZ2YIEFE @I NA

71 Policy BiasState subsidies and R&D focus remain skewed towards HY)/90% of R&D funds go to
wheat, rice, maize.

1 Seed Banking Gapkack of infrastructure to store and share native varietieg.:Just 40 functional
seed banks in India (MSSRF report).

1 Consumer Shifttrban preference for uniform, polished crops affects demdnd.:Quinoa imports
rose 200% in 5 year8PEDA

1 Climate Pressure<€rratic monsoons and floods threaten seed survial.:30% decline in Navara
medicinal rice (Kerala) due to floods.

Way Forward:

1 StrengthenSeed BanksExpand local networks for seed storage and exchalBgeth RA &8 KIF Q& ™
millet SHGs conserve 500+ varieties.

1 Policy ReformsProvide MSP and include traditional crops in FD&.:Odisha Millet Mission boosted
ragi procurement by 300%.

1 Consumer Awarenes$romote native crops through targeted marketing campaighg.:d { A NA RK |
millets promoted in Karnataka schools.

1 Participatory ResearcfEmpower farmers through joint seed breeding initiativesy.:.¢ I YAf b | R
Kudumbam NGO revived 100+ native paddy types.

1 Climate FundingDirect climate adaptation funds to traditional seed conservati®m.: mnn  ONJIP

Fft20FGSR F2NJ ! GUFNY{KFEYRQa . KFFG tNRGAFKIY

ConclusionTraditional 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.

PYQHow does eTechnology help farmers in production and marketing of agricultural produce? Explain it.

(UPS023)
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SyllabusEnergy Renewable & NeRenewable

10. India¢ USA Nuclear Deal 2025

Context: The US Department of Energy has approved Holtec International to transfer Small Modular Reacto
(SMR) technology to India marking a major milestone in operationalizing thed8doivil Nuclear Dedl23
Agreemenj signed in 2007.

Recent IndeUS Nuclear Deal Breakthrough:

1. Technology Transfer Approvedhe US DoE has permitted Holtec International to shaassified

SMRtechnologywith Indian firms undefOCFR810 reqgulations
¢tKS RSIf Aad dzyRSNJ 6KS NBAUGNROGAGS NI Ivaid forlldyeafs 2 T
and will bere-evaluated every five years.

1. Strategic Collaborationtndian partners s o BRI S e
includeL&T, Tata Consulting Enginegrand . T Sy : ! e
Holtec Asia with regulatory compliance to
ensureno retransferwithout US consent.

2. Manufacturing within India:For the first
time, USdesigned reactors can -
developed and manufacturedh India
previously prohibited.

3. Linked to Energy Security DialogLiEhe move §&
follows ModiTrump discussions in Feb 2025
focused on energy resilience and
decarbonisation goals. T I

4. Scope for Expansio:he government is explormgnendments to theAtomic Energy Act, 196®
allow moreprivate sector participationin civil nuclear powert.g.TheKovvada project in Andhra
Pradeshis planned with six 1208 MWe reactors under IAdiS collaboration.

Significance of Nuclear Energy in India
1 Clean Baseload PoweNuclear energy offerow-carbon, reliable powemunaffected by weather like
solar or wind.
1 Reduces Fossil Fuel Dependenklglps India reduce its70% fossil fuel dependeng¢supporting
energy sovereignty.
1 Supports NetZero TargetsCritical for achievin§00 GW of norfossilfuel energy by 2030 and Net
Zero by 2070.

1 Promotesindustrial DecarbonisationBSRs and SMRs can be installed near industries for clean captiv
power.

1 GeostrateqicEdge® Yy K yOSa LYRAIFQ&a It 26t adl ydRérgfyd Ay
security.

LYRALFIQa ! OKAS@SYSyhGa Ay bdzOf SF NI 9y SNHe@Y

71 Installed Capacity GrowthiNuclear capacity rose frofh 780 MW in 20140 8,180 MW in 2025across
24 reactors.

71 Indigenous Reactor Developmeriakrapar Units 3 & 400 MWe PHWRsare fully Indiardesigned
and operational.

1 Fast Breeder BreakthrougfThePrototype Fast Breeder Reactor (PFBRhieved key commissioning
milestones in 2024.

71 Joint Venture ModelsNPCIL and NTPC launched A8HVINI JY6 co-develop nuclear plants within
the legal framework.

1 New Uranium DiscoveryTheJaduguda mindRA 8 02 3SNE | RR&a pnb &SI NBE 7
supply. E.g.RAPF7 in Rajasthan reached criticality in 2024, showcasing indigenous reactor
capability.

Challenges Associated wituclear Energy in India
1 Ledqislative ConstraintstheAtomic Energy Act, 196€stricts private investment and innovation in
reactor development.
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1 High Capital Costduclear projects requirtong gestation periodsand high upfront costs compared to
renewables.

1 Public Perception and Safety Concerimespite a good safety recorpblic resistancaemains high
postFukushima.

1 Limited Fuel Securityindia importsuraniumand is yet to fully utilise itghorium potential.

1 Requlatory Delaysviulti-layered clearances from AERB, MoEF, and local bodies delay project
timelines. E.g.The delay in initiating work @&ovvadadue to regulatory complexities reflects
procedural bottlenecks.

Way Ahead:
1 Amend Atomic Energy LawReforms toenable private sectoandease entry barriergor tech

partnerships are essential.

1 AccelerateSMRand BSR DeploymenEasttrack indigenous development at least five SMRs by
20336 A (i K HnXnnn ONBNB Fft20F0A2Yy®

{1 Build Domestic Supply ChainBromote Makein-India initiatives fomuclear component
manufacturing and fuel supply

1 Focus on Thorium Cycle R&D:(i NB y 3 (i K S yiterin ghBrgylsedrity byiylagkirgtage3 of
Il 2YA . KIFIaKIQa LIX Iy

1 Improve Public Awareness and TransparenByiostconfidence in nuclear safety protocotirough
education and community engagement.
E.g.TheBAR@eveloped SMRwiill repurpose retired coal plants, addressing land and infrastructure
reuse.

ConclusionL. Y RA I Q& y dzOf S NJ SYySNHe& LlzaK YIFINJa | o62fR &f
infrastructure. With global collaborations, indigenous innovation, and legal reforms, the sector is poised to

5802YS I O2NYySNEG2YS 27F LegiRekdoulian wi ge@mviBehovk suiRIBIndB Y R $

realises its 100 GW nuclear target by 2047.

PYQMWith growing energy needs should India keep on expanding its nuclear energy programme? Discuss tle

facts and fears associated with nuclear energy. (UR8@8)

1L.LYRALFS NARAAY3TI 1I2FSNI RSYIYR YR GKS WKe&RNER3
ContextLy RAl Q&4 Sy SNHé& SELISNIAa KIgS aiaNBaasSR GKS AYL

power to meetrising energy demand.

LYRAI Qa 9y SNHe& D2l fay

1 Net Zero Target by 2070ndia aims to achieveet-zero emissions by 2070equiring massive shifts in
energy systems.

1 500 GW from NorFossil Sources by 203Bidia plans to instaB00 GW of norfossil capacity(solar,
wind, nuclear, hydro).

1 Nuclear Energ¥xpansionGovernment aims fot00 GW of nuclear powerapacity by 2047 to meet
baseload requirements.

1 Green Hydrogen Missiorfzocus on
using renewable electricity for
green hydrogerto decarbonise
industries.

1 Electrification of EndJse Sectors:
Transition toelectric vehicles, heat
pumps, and electric furnace® cut
fossil fuel dependency.

Chemical
Manufacturing

Reasons foRising Energy Demand in India
1 Economic Growth Aspirations: i Electrolyzer Storage - =T
- electricity 1=
India targets to become a i
developed economyincreasing Shieping
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energy use across sectoksg.Per capita electricity use expected to triple by 2040.
Population Growth and UrbanisatiorExpanding cities and middt#ass lifestyle adoption are

intensifying energy need&.g.Urban energy use per capita is double that of rural India.
Industrial DecarbonisationTransitioning steel, cement, and fertilizer sectors to clean inputs raises

electricity demandE.g.Hydrogen replacing coal in iron ore reduction.
Digital and Automation PushData centres, smart infrastructure, and Al systems require constant

powersupplyEgL ¢ FyR RAIAGIE SO2y2YeQa akKlINB Ay Sy $§NH

Climate Adaptation Needdviore 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:

f
f

1

Renewable Energy Expansidgfolar, wind, and hydro projects have grown significantly in capacity.

BaseLoad Nuclear PoweNuclear offers reliable, lowarbon electricity to complement intermittent

sources.
Battery Storage SystemsJsed to store solar/wind energy for nagenerating hours.

ElectrolyserBasedHydrogen ProductionUses surplus electricity to produce green hydrogen for

industries.
Flexing Coal Plants Temporaril@oalfired plants are adjusted to balance renewable inputs during

peak solar hours.

Challenges Faced by Existing Solutions:

1

1

Intermittency of Renewablesf 2 f F NJ | YR 6 A y R -ti@@lclgcRdupplyJNE A RS NZR d

E.g.Solar only works during daytime; wind is seasonal.

Flexing Nuclear Is Cottefficient: Nuclear has high capital cost and low marginal cost, making flexing
uneconomicalE.g.Variable costs remain same even at lower output.

Battery StorageStill Expensivet argescale battery deployment faces cost and material challenges.
E.g.Lithium and raresarth supply risks.

Separate Treatment of Hydrogen & Storaddydrogen and electricity storage are treated as different
systems, reducing synerdy.g.Parallel setups increase overall infrastructure cost.

Lack of Clear Hydrogen Taxonontyreen hydrogen is currently defined only through renewables,
excluding nucleatE.g.Nuclearbased hydrogenislo®@ ND 2y o6dzi y20 2FFAOAL

Way Ahead: Hydrogen as Solution

f

f

Redefine Green Hydrogen as La®arbon Adopt carbon thresholdbased taxonomy to include
nuclearbased hydrogerE.gf H 13 / hi k13 i ONARGSNAR2Y | fA3dya
Synergise Hydrogen with Storage Syster@®mbine electrolysebased hydrogen and battery storage
for economic efficiencyE.g.Reduces need for curtailment and standalone batteries.

Accelerate Nuclear Deploymeninvest in faster rotbut of PHWRs and BSRs using indigenous tech.
E.gb t / L [-uQiBplamunder execution.

Incentiviselndustrial Hydrogen UseEncourage fertiliser, steel, and transport sectors to switch to
green/low-carbon hydrogenE.g.Use surplus grid power to feed hydrogen electrolyzers during off
peak.

Strengthen Grid Flexibility Toaleploy Albased demand response and grid balancing systems.
E.g.Smart metering and load shaping via digital platforms.

ConclusionL Y RA I Q& LI GK G2 Of SIy S yos-dabén ndcSdrrénSvwablas and) f A $ &
hydrogen solutionsefficiently. Synergising electricity storage and hydrogen can balance intermittent power
and ensure roundhe-clock clean energy. With the right policy push and strategic reforms, India can lead the
global energy transitiorsustainably.

PYQMWith growing energy needs should India keep on expanding its nuclear energy programme? Discuss the
facts and fears associated with nuclear energy (UEH®)
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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 ensureg
credible and transparent green hydrogen production.

About Green Hydrogen Certification Scheme of Ind@HCI):

WhatisGHCIRI / L Aad LYRAIFIQa FTANRG OSNIATAOI U &elysiveiyNging S
renewableenergf Sy adzNAy 3 AdGa NBO23IyAlGA2Y a GINBSYyEd
Launched byMinistry of New and Renewable Energy (MNRE)

Nodal AgencyBureau of Energy EfficiendyEE

Supported by:National Green Hydrogen Mission

Certification Body:Accredited Carbon Verification (ACV) Agencies

Operational YearEvaluation cycle set for each financial year

Objectives:
1 Certify truly green hydrogen based on emissions intensity.

1 Promote traceability, transparency, and market credibility.
9 £ A3y 6AGK LYy RAMME reed Bydiaganiprodigiion by 2030
9 Ly dS3aNI S CasbniCkeditl TsadR SdREN(2026)

Key Features:
1 ScopeProjectlevel certification up to hydrogen purification (excludes transport & storage).

Eligibility: Electrolysis &
T Elaiility: Y W NSIGHTSIAS PRELIMS PRISM
FOR UPSC PRELIMS 2025

biomass conversion but new

pathways can be added upon e E——

DEE approval HYDROGEN MISSION H, et o
1 Monitoring: Mandates annual Why in News?

third -party verification and The Union Government sanctioned three pilot Lo

. projects under the National Green Hydrogen e
data IOgged via Green Mission to promote hydrogen use in steel productior £

Hyd rogen Portal. About National Green Hydrogen Mission:

1 GHG MetricMeasured irkg . lm;nclhed in: 2023 f j o e

. T 501 & 4 ¢ Nodal Ministry: Ministry of New and Renewable Energy (MNRE

/ hi SljdzAa g1 £ Sy ( s Target:

il Guarantee of Oriqin(BO): Green Hydrogen Production: At least 5 MMT per year.
Ensures Iegitimacy of green Renewable Energy: Addition of around 125 GW of capacity.

. Investment: Over 28 lakh crore in green hydrogen.

hyd rogen claims. Employment: Creation of 6 lakh jobs.

i Comg"anceManda’[ory for all Reduction in fossil fuel imports: Exceeding g1 lakh crore.
domestic producerS' exempt GHG Emissions: Averting nearly 50 MMT of annual greenhouse gas

o emissions.
for exportonly units. Key Features of the Mission:
Significance: * Total Outlay: 219,744 crore (up to FY 2029-30)

¢ SIGHT Programme: Incentivizes electrolyser manufacturing and green hydrogen

l Boosts. }/ RA I g_a at 2 production through competitive bidding.
eXpOI’tSWIth Credlblllty, « Pilot Projects: 455 Cr for low-carbon steel, 496 Cr for mobility, 115 Cr for
P shipping sectors.
T Attr_aFtS Investments by * Green Hydrogen Hubs: Develop at least 2 hydrogen hubs initially with 400 Cr
definingclear market support.
standards ¢ Supporting Measures: Open access RE, interstate transmission charge waiver,

skill development, certification, infra development, and international

1 Strengthenst_ }/ RAI Qa f cooperation.
|n green energ}ﬂnd reduces www.insightsonindia.com | instacourses.insightsonindia.com
dependency on fossil fuels.

1 Facilitatescarbon tradingthrough verifiable clean hydrogen production.

Syllabus: Science and Technold@y Space, Computers, robotics, néexhnology, bieechnology
and issues relating to intellectual property rights

13. Moonlight Solar Panel Technology

Context: Stanford University researchers have developed an innovativenlight solar panel technologhat
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 enable®lar panelgo
generate electricity during nighttimexnd under lowlight
conditions.

How It Works?

f Utilizesradiative cooling a natural process where
KSFG NIXRAFGSEa FTNRY (KS | e’ o L
especially on clear nights. 3 Ny :

1 Thermoelectric generatorare attached to modified
solar panels to capture the heat dissipating from thejg
panels and convert it into electricity.

1 This method taps theemperature difference between the panel and the surroundiraiy to produce
energy.

Key Features:
1 Generates aboub0 milliwatts per square meteat night (compared to 200 watts per square meter

during the day by traditional panels).
1 Can powesmall devicedike LEDs, environmental sensors, and loT gadgets.
1 Retrofit-friendly: Can be integrated into existing solar panel installations without the need for
complete replacement.
Significance:
1 Bridges nighttime energy gapseducingreliance on batteries for storage.
Ecofriendly alternativeto battery usage, minimizing pollution from battery production and disposal.
Enhancegsenewable energyreliability, especially imff-grid or low-sunlight
Opens avenues fdow-cost, sustainable energy solutioria remote and disasteprone areas.
Represents a significant step towarmntinuous, clean energy generaticend addresses one of solar
G§SOKy2f23eQa o6A33Sald tAYAlGIGAZ2Yad

= =4 -4 =4

14. Space Tourism
Context:Pop staKaty Perryind an aliffemale crew flew to space vBiue Orlgln reigniting debates on space
G2dz2NAayYQa O2aia YR Sy@aNp ¥ ’
What isSpace Tourisih
Space tourism involves recreational, leisure, or busines
travelo S8 2y R 91 NI KQ& | (Y2aLKg
companies like Blue Origin, Virgin Galactic, and Spacef\"
Unlike governmented space missions, it caters to
civilians, albeit at exorbitant costs.

Types of Space Tourism

1 SubOrbital Tourism¢ Briefflights crossing
the Karman line(100 km altitude) offering
minutes of weightlessnesg.g.. f dz§ h NA 3 A YQX F68st § N\H\Eﬂnrﬁiﬂ%t‘éi AIKG| T

1 Orbital Tourismq Extended stays in space, often docking with l88 or private space stations
Eg{ LJ OS- Q& /miBSoas fd NHtdhy ofbital trips.

1 Lunar Tourisnt Proposed future missions circling or landing on the Mdag{ LJ- OS- Q& 5 S| |N&a
project(planned for 2025).

Concerns Surrounding Space Tourism
1 Exorbitant Costg Tickets range fror$450,000 (Virgin Galactic) to millions (Spaceipking it
ao Af f A2yl ENDMYA008+Héopldave booked space flights despite global wealth
inequality.
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1 Environmental Damage Rocket emissiondeplete ozoneand contribute toclimate change
E.g.Asingle Blue Origin launch emisn n b (i 2 ye§ual 2075 cardiyea).

1 Lack of Scientific Value Most missions offeno breakthroughscompared to NASA/ISRO research.
E.g.ISS experimentgeld far more data than tourist flights.

1 Safety Riskg Private companies fadgigher accident riskshan government agencies.
E.g.2022 Virgin Galactic craslelayed tourism launches for years.

1 Ethical Questiong Resources spent on tourism could futlinate action orpoverty alleviation
E.g $1.3 billion industrcould instead financeenewable energy projects

Way Ahead:
1 Regulate EmissiomsEnforcecarbonneutral rocket fuelsand ozonefriendly propulsion.

Eg9{! Q& t NP Y SédicEsdznissibns BA% S
1 Democratize AccessSubsidize research missiondattery-based affordable seats
Egb! {! Qa OA@Af Al gelettssndrbiloyalredzic LINE I NI Y
1 Boost Scientific PayloadsMandateexperimentson tourist flights for NASASRCollaboration.
E.g.Axiom Spaceartners with researchers for ISS missions.
1 Tax LuxunFlights¢ Redirect revenue talimate fundsor space sustainability initiatives
Eg9 ! & LINE LJ]2 & Sén privatd hudtBes. ¢ | E ¢
1 Promote EarthFirst Policieg; Prioritizesatellite-based climate monitoringover joyrides.
E.gL { wh Q@mositarg oceans, aiding climate studies.

ConclusionSpace tourism symbolizes human ambition but risks exacerbating inequality and ecological harn. A

regulated, sciencériven approach can balance innovation with planetary responsibility. The future of space
must be inclusive, sustainable, and purposeful.

PYQ2 K4 Aa GKS YIFIAYy GFal 2F LYRAFQA GKANR Y22y Y
the countries that have achieved this task. Introduce the subsystems in the spacecraft launched and explair
NEES 2F GKS azfA NOSFGENE O diy OKG KR y£INENT Y {F NI oKFA
successful launch from Sriharikota. (URBEZ3)

15.Underwater Cables
Context:! ANJI Sf Qa H! FNAOF tSIFNIa adzoaSl OFo6fS KFa 1y
highlighting the growing need for robust undersea cable infrastructure.

What AreUnderwater Cable®

1 Definition: Undersea or submarine cables are
fibre-optic cables laid on the ocean floor that
enable global internet and telecommunication
connectivity.

1 CoverageAs of early 2025, there amver 600
active and planned cableglobally, spanning.48
million kilometres.

How Do They Work?
1 FiberOptic TechnologyCables carry data using light signals transmitted thrcugjhthin glass fibres
encoded by lasers at high speeds.
71 Signal ReceptionReceptors on the other end decode the light signals into usable internet data.
1 Seabed PlacementCables are eithdouried near shore®r laid directly on the ocean floom deeper

regions.

1 Routing StrategyCareful mapping avoidault lines, anchor zones, and fishing aremsminimize
damage risk.

1 Transmission Capacitfach cable can carhyndreds of terabits per seconcenabling seamless global
data flow.

Key Features oBubmarine Cables

www.insightsonindia.com 17 InsightslIAS

\ A &
the
LJI



http://www.insightsonindia.com/
https://www.insightsonindia.com/indian-economy-3/poverty-and-unemployment/poverty/poverty-alleviation-programmes-since-independence/
https://www.insightsonindia.com/tag/isro/
https://www.insightsonindia.com/2024/12/27/wealth-tax/
https://www.insightsonindia.com/2025/04/04/underwater-cables/
https://www.insightsonindia.com/2024/12/21/underwater-cable/
https://www.insightsonindia.com/2020/08/11/what-is-submarine-communications-cable/
https://www.youtube.com/watch?v=9WPhxl7gpaE
https://www.insightsonindia.com/wp-content/uploads/2025/04/Underwater-Cables.jpg

1 ThicknessComparable to garden hosecore fibres are as thin ashaman hair.

1 Protection LayersComposed oplastic, steel wiring, and insulationextra armouring is used near
coastlines.

Examples

f Shortest CeltixConnect (131 km between Ireland and the UK).

1 Longest AsiaAmerica Gateway (20,000 km).

1 Landing PointsConnect toonshore landing stationswhich then distribute the data via terrestrial
networks.

1 Global CoverageNearly all coastal nations are connected, with redundancy throughiple cablesto
avoid data blackouts.

Significance of Underwater Cable Connectivity:

1 Backbone of InternetEnables global data transfer including emails, streaming, financial transactions,
and more.

1 Economic EnableSupports $10 trillion in global financial flows and 80% of trade via internet
infrastructure.

71 Digital SovereigntyReduces reliance on satellitmsed or foreigrcontrolled connectivity options.

1 National Security Secure data transfer critical for defense and governance (e.g., encrypted diplomati
comms).

1 Growth Driver. Fuels digital economy and innovation (e.g., cloud services, OTT platforms, remote
work).

Challenges Associated with Subsea Cables in India

1 Vulnerability to Disruptions/ dzia Ay wSR {SI OlofSa FIFFSOGSR

71 Limited Landing Point95% of subsea cables land in a 6 km zone in Mumbai, creating a chokepoint.

1 Complex Requlation®ver 51 permissions needed to land cables, delaying deployment.

1 Lack of Repair Infrastructurdndia lacks domestic repair vessels, relying on foreign ships with
clearance delays.

1 Man-made DamagesFishing trawlers and dredging often damage cable lines (e.g., Versova coast,
Mumbai).

Way Ahead
1 Requlatory ReformsStreamline multagency permissions through singléndow clearances.

1 Geographical DiversificatiarDevelop new landing points (e.g., Vishakhapatnam, Kochi) to reduce
chokepoint risk.

1 Build Repair Capacitynvest in Indiarsubsea cable repair ships and depots to reduce response time.

1 PublicPrivate PartnershipsEncourage investments from telecom and digital giants for infrastructure
sharing.

1 Strategic Planningl Y § SANI ¢S OF6fS AYyFNI &0 NHzOG dzNB Ay G2
resilience

Conclusion! YRSNBESIF OFofSa FNB GAldlFf G2 LYRAFQ&a RAIAGI
highly centralized and underprepared for disruptions. Streamlined regulation and strategic expansion are
essential to ensure digital resilience and globahpetitiveness. A robust undersea ecosystem will power
LYRAFQ&a @GAaA2Yy 2F S5AIAGHE . KFENF GO

PYQMWhat is the basic principle behind vaccine development? How do vaccines work? What approaches we
adopted by the Indian vaccine manufacturers to produce CQ¥9liaccines?
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16.Indian Genetic Mapping
Context: TheGenomelndia Projegublished preliminary findings in Nature Genetics (April 2025), mapping the
genomes of 9,772 Indians across 83 endogamous population groups.

What is IndianGenetic Mapping?
7 Definition: Genetic mapping is the process of analyzing D
sequences to locate genes and variations (mutations) acro
a population.
1 Purpose:lt helps understand genetic diversity, disease
susceptibility, and enables precision medicine.

How is Genetic Mapping Done?
1 Sample CollectionBlood is collected to extract DNA and phenotype data (e.g. weight, height, BP).
1 SequencingWhole genome sequencing decodes the comp2i¢A including coding and necoding
regions.
1 Analysis:Advanced bioinformatics tools identify genetic variants and mutations.
E.g.Genome sequencing carried out by institutes like 11Sc, CCMB, IGIB, NIBMG, GBRC.

How were Samples Collected?
1 Coverage83 population groups from 100+ locations; inclu@8dribal and 53 nortribal groups
1 Demographics4,696 males and 5,076 females participated.
7 Linguistic DiversityCovered four major famili@sindo-European, Dravidian, Tibet8urman, Austre
Asiatic
1 Sample IntegrityParentchild pairs included to track de novo mutations (random new mutations).

Preliminary Findings:

! Mutation Volume: 180 million mutations identified, of which30 millionare autosomal an80 million
sexlinked.

1 Non-Coding DNA98% of genome lies in nexoding regions critical for gene regulation and
evolution.

1 Unigue Genetic PooEach group revealed specific mutation patterns due to endogamy.

1 Global Underrepresentationt Y RA I Qa ISy SGiAO0 RAGSNERAGE gl a €I
projects.

Significance of Mutations ifEndogamous Groups
1 Disease Hotspot€Endogamy leads to repeated transmission of certain genetic diseases in specific
communities E.g.Populationspecific disorders can now be mapped and monitored.
1 Preserved DiversityGenetic signatures provide clues to ancient migrations and ancestry.
E.g.India has ~4,000 endogamous groups with minimal gene flow between them.
1 Targeted Health InterventionsEnables clustebased medical screening for higisk mutations.
1 Global Contribution! RR& G2 3f 20l f 3ISy2YAO RIFGF 6@ NBLINE

Medical Implications:
1 Precision Healthcare=nables customized treatments based on individual and commievsf
genetics. E.g.Tailored cancer or cardiovascular risk assessment.
1 Early Detection Tool€?opulationspecific mutations help design predictive diagnostics.
E.g.New lowcost screening panels for sickle @kemiain tribal groups.
1 Better Drug Responsd&®harmacogenomics will improve efficacy of drugs in Indian populations.
1 Genomics for Public Healthdelps formulate national policy on genetic disorders and rare diseases.

Conclusiont y RA T Q& 3ISYySUAO YI LA Y33 Adéver hedttcafeRBy idedddingitiie S LJ
NAOK 3ISySiAd Y2aFA0 2F LYRAIFQA RAGSNES INR LT
YSRAOAYSS YR O2yaSNBEAXSYLFRABS yH&isd{ K BERNeAdnthy $ $
GAYS¢ KSIfGiKOIFINB®
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PYQMWhat is the basic principle behind vaccine development? How do vaccines work? What approaches w¢

adopted by the Indian vaccine manufacturers to produce C@¥9laccines? (UPS022)

Syllabus: EnvironmerEcology& Conservation

17.Europe is Warming Faster

Context: The2024 European State of the Climate Repextealed that Europe is warming about twice as fast
as the global average, intensifying extreme weather events across the continent.

What is Europe Warming?

1 9 dzNP adSdgeéiannual temperaturdas
risen by2.4°Cabove preindustrial levels,
compared to theglobal average of 1.3°C

1 This accelerated warming has led to
unprecedentecheatwaves, floods, and shorter
cold periodsacross the continent.

Reasons Behin dzNP 1LJSQ& Clk:ad SNJ 2

1 Arctic Proximity:A significant part of Europe
lies close to the Arctic, which is warmiBgs 2
times fasterthan the global average due tce melt and reduced albedo

1 Reduction in AerosolsCleaner air in Europe due teduced aerosoemissionsdecreases sunlight
reflection, allowing more solar energy absorption and higher temperatures.

1 Changes iAtmospheric Circulationincreased frequency aummer heatwaveslue to shifts in
atmospheric patterns.

1 Higher Sea Surface Temperatur&d¥arming oceans around Europe add to the atmospheric
temperature rise.

1 Urban Heat IslandEffect: Expanding urban areas trap more heat, worsening local temperature
extremes.

1 Melting of GlaciersSimilar to Arctic ice loss, glacier melting enhartoest absorption

| 2yv&S1dzSy0Sa 2F 9dzNRLISQa ! OOSE SNFYGSR 2 NXYAy3Y
1 Severe Heatwaved:onger and more intense, impacting human health, agriculture, and biodiversity.
1 Increased Flooding and Rainfall Variabilitfigher temperatures lead to heavier precipitation events
and flooding.
1 Economic StrainDamage to infrastructure, agriculture, and tourism sectors.
1 Reduced Cold DayEewer freezing days, impacting ecosystems reliant on cold conditions.
7 Biodiversity ThreatsAltered habitats and species migration patterns across Europe.

Way Ahead:

1 Strengthen Climate ActionAccelerateEU Green Dedhrgets and promotearbon neutrality
initiatives.

1 AdaptUrban PlanningExpandgreen spacescool roofs, and sustainable infrastructure to counter
urban heat islands.

1 Enhance Early Warning Systenisiprove forecasting andisaster preparednesfor heatwaves and
floods.

1 Promote Renewable EnergReduce dependence on fossil fuels and invesbiar, wind, and
hydropower.

1 Strengthen International CooperationCollaborate globally to limit warming beldin5°C as set under
the Paris Agreement

Conclusion9 dzNR2 LISQ& F f I NXYA Yy 3 NientSbold, Eind goHaNdralivg attioBrnowth y R &
mitigation and adaptation fronts. proactive, sustainable strategg & ONA GA OF f G2 &l ¥S3
ecosystems, economies, and communities.
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coastal states of India will be affected by climate chan@#?Sc017)

18. Al in Weather Forecasting
Context:India is leveraging AlI/ML undbftission Mausan® HZnnn ONRBNB 2dziftlF &0 (2
accuracy, especially for extreme events like heatwaves and cloudbursts
1 lIT-Delhi and IlIADelhi teams have developed-Al '
based monsoon models outperforming traditional
systems.

How Al Can Assist Weather Forecasting 1

1 DataDriven PredictionsAl learns complex patterns
from past data to predict rainfall, cyclones, or -
heatwaves, unlike physi¢sased models which rely &=
on fixed equationsE.gL L ¢ 5Sf KA Q& af?" 5 g s
monsoon showed 61.9% accuracy (2€0222) surpassing traditional models

1 Faster, Scalable Forecasts models can produce shetdrm forecasts quickly and at lower
computational cost, ideal for nowcasting and réiate alerts.

1 Better Prediction of ExtremesAl helps capture nonlinear interactions among variablaseful in
predicting rare and sudden weather events like flash floods or tornadoes.

1 Hybrid Modelling:Combines strengths of physibased models and Al tools to improve reliability and
interpretability of forecasts.

Challenges in Abased Weather Forecasting

1 Data Scarcity and Quality Issudgighresolution, clean, and longerm weather datasets are essential.
Historical data may be sparse or inconsisténg.Many Indian weather datasets face gaps due to poor
Sensor coverage in remote regions.

1 Lack of Interdisciplinary TalenClimate scientists may lagd/ML expertisewhile ML engineers often
lack meteorological grounding, limiting deep collaborations.

1 Black Box NatureAl models lack transparency, making it hard to explain their outputs to policymaker
or meteorologists.

71 Infrastructural ConstraintsMost forecasters rely on model outputs from external agencies due to lack
of local computational or technical capability.

T Trust and Verification Issueddodel predictions need rigorous validation; without this, false alarms or
missed warnings can reduce public trust.

Way Ahead:
1 EstablishHybrid Weather Institutes Create dedicated centres integrating meteorology and Al under

one roof for seamless collaboratioB.g.Ministry-supported AlClimate Centre at ITM Pune already
operational.

1 Enhance Data SystemStandardise and integrate reiine, historical data from Doppler radars,
satellites, and ground sensors.

1 Capacity BuildingTrain a new cadre of meteorologists fluent in AI/ML and engineers trained in earth
system science.

1 Model Customisation5 S@Sf 21LJ ' L Y2RSta GFAft2NBR (G2 LYRAL
hyperlocal forecasts.

1 PublicPrivate CollaborationEngage startups, academia, and government institutions tdeae@lop
and deploy verified Al models.

Conclusioni L Kl & GKS LRGSY(dAlLt G2 NB@2fdziA2yA&dS LYRAI
events. However, it requires a blend of robust data, skilled manpower, and institutional innovation. With
strategic collaboration, Al can become centralffoRA Q& Of AYIF GS NBaAAf ASyOS LI
PYQMWhat do you understand by the phenomenon of temperature inversion in meteorology? How does it
affect weather and the inhabitants of the plac@?PS€013)
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19.High Seas Treaty (BBNJ Treaty)
Context:Delegates have gathered in New York for the first Preparatory Commission session of the BBNJ Trgaty,
aiming to finalize implementation rules. India is a signatory but has yet to ratify the agreement.

About the BBNJ TreatyHigh Seas Treaty):
What It Is: TheBiodiversity Beyond National Jurisdiction (BBNJ}katy is the third implementing agreement
under theUN Convention on the Law of the Sea (UNCLOS)

—I—Ob.eCtive: ," Continental Shelf
T Protect marine biodiversityin the high : (200 nautical miles) . A
seas. : Extended
1 Ensurefair benefit-sharingfrom corgnent
marine genetic resources. ; Exclusive Economic Zone High
1 MandateEnvironmental Impact : 200 nautical mlles)
AssessmentgEIAsYor highseas A Contiguous zone
aCtiVitieS. Land Internal..' (13+nautical miles)
1 CoverageApplies toareas beyond 200 N
nautical milesfrom national EEZs, 3
which make up 64% of global oceans.
1 LY RALI Q #did hassigrazdithe Territorial sea

L . li ical mil
treaty buthas not yet ratified it paseline esruteat mies)

Why the BBNJ Treaty Is Needed?

1 Marine Protection GapOnly1.44% of high seaare currently protected despite covering twhbirds of
ocean space.

1 Unrequlated ActivitiesDeepsea mining, overfishing, and pollution operate witimimal
international oversight

1 Marine Genetic ResourcgdMGR):Rising commercial use of MGRs in pharmaceuticals and
biotechnology necessitatesragulatory framework

1 Equity in Ocean Us&iims to prevent dominance by developed nations and en&lodal South
access to ocean wealth

Challenges to the BBNJ Treaty:

1 Low Ratification:As of April 2025, only 21 countries have ratified the treaty out of the required 60 for
enforcement.

1 Geopolitical Tensiondisputes in the South China Sea and Bay of Bengal delay consensus on Maring
Protected Areas (MPAS).

1 Weak Enforcementt.ack of enforcement mechanisms and-opit options risk weakening compliance.

1 Overlap with Other Conventiong?otential conflict with the Convention on Biological Diver<iig[)
over MGRs.

71 Financial Burden on Developing NatiorSapacitybuilding and tech transfer provisions lack binding
support commitments.

1 Implementation GapsTreaty does not cover oil and gas exploration or pollution in EEZs, undermining
ecological coherence.

Way Ahead:
1 FastTrack RatificationUrgent diplomatic push needed to achieve 60 ratifications, especially by YUNO(

3 in France.

71 Inclusive DecisioMaking: Scientific and technical bodies must have balanced regional representatior
and expertise.

1 Funding MechanismEnsure operationalization of the special fund with tailored contributions from
developed countries.

1 Integrated Ocean Governanc8ridge governance between high seas &ktZ $0 address
interconnected marine threats.

\J
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1 Monitoring & TransparencyDevelop digital tools and global dashboards for tracking MPAs and EIA
compliance.

ConclusionBBNJ Treaty is a transformative tool for global ocean conservation. But watrong political

will, institutional design, and equityfocused implementation its goals will remain aspirational. The oceans,
already under stress, can no longer wait for hmfasures.

PYQThe Intergovernmental Panel on Climate Change (IPCC) has predicted a global sea level rise of about
meter by AD 2100. What would be its impact in India and the other countries in the Indian Ocean region?
(UPS€023)

20LYRALF Q& ¢NI RS ¢NAdZYLIK YR LGA 9YDBANRYYSYll
ContexttLY RAI Q&4 GNI RS O2y(iNAROdziAzy Aa LINR2SOGSR (G2 N
report), but rising exports of pollutiemtensive products have triggered serious concerns over environmental

sustainability.

| 6 2 dzli Trad&kTxikm@haand Its Environmental Toll
Success of Indian Trade:
1 Expanding Global Footprint: Yy R thdrc@iandise exportseachedUSD 231.48 billiofrom pollution
intensive sectors alone by 2023, growing faster than overall exports (12.5% vs. 11%).
1 Sectoral Dominance:
o Petroleum and coal products accounted 88%of pollution-intensive exports.

o Alongside chemicals, pharmaceuticals, and automobiles, these sectors fédpei T L Y RA |

pollution-linked exports.
1 FEDIAttraction:
o Between2000 and 2024pollutiorrintensive sectors attractedSD 149.26 billion FDI
contributing nearh21%2 ¥ LY RA Ll Qa G241l AyFt24aod
1 Economic Gaindndustries like cement, steel, and pharma boos@&dP, employmentandforeign

reserve§ A UNBYIAGKSYAYy3dI LYRAFQa At 20Ff O2YLISGAGAGS

Government Schemes Balancing
Trade and Environment

Perform, Achieve and Trade (PAT)

Scheme: A market-based I ons Incentivizes

mechanism by BEE where MSMES. t? impmv.e product quality Promotes the manufacturing and
industries earn tradable energy- ?mth minimal cnlwrunmlcntal adoption of electric and hybrid
saving certificates for surpassing impact, enha_ncmg their global vehicles to reduce fossil fuel usage
energy efficiency targets. trade potential.

and pollution.

Production-Linked Incentive (PLI)
Scheme for High-Efficiency Solar

Aims to position India as
PV Modules:

a global hub for solar energy
production while reducing
dependence on fossil fuels.

Environmental Toll offrade Growth

1 Rising Emissiond Y RA Q&4 AYRAZZAGNAI T | YR Sofd NB@/ i B0 W
al/ hi S 1daneadyfvé-fold

1 Hazardous Waste Generatio®ectors likgpharmaceuticalsandchemicalscontribute to water, air,
and soil contamination, threatening biodiversity.

1  Weak Regulatory EnforcemenEnvironmental laws like thEnvironmental Protection Act (1986)
remain poorly enforced; industry exemptions dilute environmental safeguards.

1 Policy IncoherenceDisconnect betweeitrade policiesandenvironmental standardge.g., dilution
controversies oDraft EIA Notificatio2020) undermines sustainability goals.
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Way Ahead: Balancing Trade and Environment

1 PromoteCleaner Technologiesncentivize industries to adopt lowarbon, energyefficient production
methods with targeted subsidies and green certification norms.

f Strengthen Reqgulatory Framework&nforce stringent compliance with environmental norms through
third-party audits and transparent disclosure mechanisms.

71 Integrate Trade and Environmental Policidsnk export incentives with sustainability standards to
ensure cleaner industrial growth.

1 Develop Green Industry SectorBiversify trade by investing in green technology, renewable energy,
and sustainable manufacturing sectors.

1 International Collaboration:Partner with countries and institutions for technology transfer, capacity
building, and climate finance to foster a green transition.

Conclusioni Y RAF Q& GNI RS adz00S&daa YINJa F LR2gSNFddZ SO2y
mounting. Balancing growth with sustainable practices is no longer optional but necessary fteriong
prosperity.

PYQExplain the purpose @reen 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 S
Alliance (ISA)? (Answer in 150 words)

QJ

21L.,LYRALF Q& 21 4GS Y S
Context:!! y S & EItZ()It y
tonnes annually.
9 The{ dzZLINBYS / 2 dzNJi Q dGanm@ebldtfarOajudigial templBitbvia 2oNtiBuing
mandamus to enforce waste remediation and environmental justice.

FyF3s
A

Syd / NRa#a
é"'dzRe b I

(dzNB yIYSa LyRAF &

AboutL Y RAI Q& 21+ aGS alyl3aSYSyid [/ NRAaAa
What is Waste Management?
1 Waste managementefers to the collection, segregation, treatment, and disposal of solid, liquid, and
plastic waste to prevent environmental degradation.
1 Despite claims 5% national waste collectiorNature (2025kstimatesL Y RA I Q& LISNJ Ol
waste generationat 0.54 kg/day far exceeding official estimates @f12 kg/dayt indicating
underreported rural waste and informal sector exclusion.

Initiatives for Waste Management in India:

1. Plastic Waste Management Rules (2@P®24): These progressive rules introduced segregation at
source, Extended Producer Responsibility (EPR), and bans on specifiasingilastic items to
minimize generation and improve accountability.

2. Mandatory Jute Packaging Act, 201Bnforces ecdriendly jute packaging for key commodities to
reduce dependency on plastic and combat pollution from artificial packaging.

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

4. Decentralized Waste Governanc&he responsibility for waste management extended to Gram
Panchayats, emphasizing lo¢éeel accountability and rural waste coverage.

YSe La&adzSa Ay LYRAFQA 21 4GS alyl3asSySyid {eaidsSvyy
1 Data InaccuracyOfficial waste statistics excludaral areas open burning and theinformal sector.
o No uniformwaste audit methodologyor third-party validation exists.
1 Lack of InfrastructureMost areas rely odumpsites sanitary landfills are outnumbereiD: 1
o No mandatory geotagging or universal linkagd/BFs, recyclers, dePRkiosks
1 UrbanRural DivideRural regions, undgranchayati raj institutions remainoutside formal collection
systems worsening the problem.
1 Weak Implementation of EPRVhile PIBOs have obligatioms)-ground infrastructurefor collection,
segregation, and deposit remains patchy.

www.insightsonindia.com 24 InsightsIAS

(2Y

Dlar

LJA



http://www.insightsonindia.com/
https://www.insightsonindia.com/2024/12/26/clean-coal-technology-is-not-a-choice-but-a-necessity-for-indias-energy-security-critically-examine-in-the-context-of-indias-coal-dependency/
https://www.insightsonindia.com/2025/04/30/indias-waste-management-crisis/
https://www.livelaw.in/top-stories/tanneries-caused-irreversible-damage-supreme-court-passes-directions-to-compensate-ecological-damage-in-tns-vellore-district-282431
https://www.insightsonindia.com/environment/environment-pollution-and-control/waste-management/
https://www.insightsonindia.com/2020/10/30/mandatory-packaging-in-jute-materials/
https://www.insightsonindia.com/2023/05/10/what-is-extended-producer-responsibility-epr-although-epr-is-still-in-its-early-stages-in-india-the-main-problem-with-it-is-the-absence-of-responsibility-on-the-part-of-producers-and-insufficient/

1 NonCompliance CultureSC noted thataws exist but remain on papemwith schemes failing due to
absence of timely enforcement

Way Forward
f ! R21J0 W/ 2y iGAydzAiy3d al yRI
Like in theVellore tanneries case (20243ourts

must ensurgime-bound compliancehrough
regular updates and reporting.

1 Strengthen Data System#landatewaste audits
third-party verification, and reaiime public data
dashboardgor transparency. Circular Economy

1 Mandatory Infrastructure MappingAll urban and
rural local bodiegnust be linked tdMaterial
Recovery Facilities (MRFshd sanitary landfills

1 Decentralised EPR Executiddet upEPR kioskat
the local level, manned by PIBOs, to ensure
accessible and scalable plastic recovery.

1 Government Pay PrincipléAs per SC, thState
must compensate victimsrecover costs from
polluters, and initiateecological restoration
promptly.

1 Leverage TechnologyiseAl, GlSbased tracking andgeotagged waste mapfr reaktime monitoring
and compliance.

Policies/
Framework

Conclusioni YRALF Q& ¢l aiGsS ONRaAa NBFESOGa y2aG 2dzad T
¢ KS 2dzRA OA I NEB Q acoiyuingruBiSmuant thepolliitd¢ paBsdrihéipleis essential for
accountability. For sustainable development, environmental compliance must be peepidc, datadriven,

and timebound.

PYQMWhat 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 ¢
habitable environment? (UPSXD18)

22.The Crisis of Urban Ecology in India
Context: The Supreme Court issued a stay on deforestatidn@n R SN} 6  RQa Y I y O&ndid DI O
massive protests against staled land auction for IT development.

What is Kancha Gachibowli and Why is it in Conflict?
1 Kancha Gachibowli is a biodiverse urban forest patch near the University of Hyderabad, with over 73
plant species and 220 bird species.
1 The Telangana government plans to auction 400 acres of this land for IT infrastructure, triggering
protests from students, environmentalists, and civil society.

Dilemmas inDevelopment vs Ecology

1 Economic Growth vs Environmental Protectioimdustrial projects boost GDP and employment but

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

1 ShortTerm Benefits vs Lonrglerm Sustainability:

At

ur

KA C

0

Infrastructure development offers immediate gains bur
causes irreversible ecological damaBey.Construction
of Char Dham roads accelerates landslides in fragile
Himalayan zones.

f Human Development vs Rights of Natur&/elfare
schemes often exploit natural resourcesidermining
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the intrinsic value of ecosystems.g.Hydropower dams submerge forest lands, affecting riverine
ecology.

1 Tribal Livelihoods vs National InteredDevelopment projects on forest lands displace indigenous
communities and erodé&aditional knowledgeE.g.Niyamgiri Hills mining project was halted due to
52y 3ANRF Y2YyRK GNA6SQa NBaraillyoOSo

1 Policy Urgency vs Ethical Environmental Governariggeedy clearances often bypass due
environmental assessments, violating intergenerational eqiity.EIA 2020 draft drew criticism for
diluting public consultation processes.

Importance of Urban Forests in Indian Cities:
1 Ecological Bufferd-orest patches regulatemperature, air quality, andurban flood cyclesAlso, they
preserve biodiversity and prevent habitat fragmentation.

1 Carbon Sequestrationtrban forests act agreenlungE F 6 a2 NbAYy 3 / hi yR YANGA

effects.
1 Public Health and Welbeing: Access to green spaces reduces respiratory issues, stress, and improves
mental health
1 Livelihood and Culturetdrban commons serve as grazing lands, herb sources, and sacred spaces for
local communities
1 Climate ResilienceWith risingheatwaves pollution, andwater crises city forests are essential to
climate adaptation strategies.

Examples of Urban Forest Conflicts

» Aarev Forest, Mumbai: Over 2,700 trees were cut in 2019 for a metro car shed,

sparking mass protests and judicial intervention.
» Turahalli Forest. Bengaluru: Real estate pressures and unauthorized dumping

threaten one of the last dry deciduous forests in the city.
» Ridge Forest, Delhi: Rampant encroachments and mining have degraded this Aravalli-

linked urban forest zone.

Challenges Facing Urban Forests:

1 Non-notified Green Spaceg-orests within city limits often lack legal status under the Forest
Conservation Act.

1 Fragmented Institutional JurisdictionJrban forests fall between municipal, forest, and development
agencies, creating legal ambiguity.

1 Masterplans Ignore Ecologyirban development plans often prioritise vertical expansion over
ecological preservation.

1 Weak Citizen PatrticipationMajor decisions occur witholbcal community inputs or gram sabha
consent

1 Profit-driven Land UseValuation of green land beal estate potentia) notecological valuedrives
short-sighted planning.

Way Forward Towards Ecological Urbanism:

1 Urban Forest PolicyEnact aNational Urban Forest Protection Aekin to heritage protection laws and
classify urban forests asitical climate infrastructure

1 EIA ReformsMandatescientific, participatory EIAfor all urban development projects above a certain
scale.

1 Community StewardshipPromotecitizenled forest management modelswvolving students, resident
associations, and local panchayats.

1 Urban Biodiversity Registrie€reate warewiseurban biodiversity inventories updated annually with
expert validation.

1 Judicial Oversight and Accountabilitstrengthen implementation d&C order®n urban forests and
expand the role o€entral Empowered Committees
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ConclusionThe conflict between cities and their forests is not about growth vs environmmbeat about what
kind of urban future we choose. If India is to build climegsilient, inclusive cities, it must preserve its
ecological commons, legislate urban forest praimes, and plan with nature as @rchitect. The green fight in
Kancha GachibowB a national wakeip call

PYQHow does the draft Environment Impact Assessment (EIA) Notification, 2020 differ from the existing El
Notification, 2006? (UPSZD20)

23.Waves of Environmentalism in India
Context:Ramachandra Guha recently discussedttitee waves of Indian environmentalisat NCBS,
Bengaluru, tracing its origins from coloniadiustrializationto modern climate activism.

About Environmentalism:

Environmentalismis a socigpolitical movement that promotes
harmonious coexistence between humans and nature. It arose as a
response to unchecked industrialization, focusing on ecological balan
sustainability, and justice.

Features of environmentalism are:

1 Conservation of ecosystems and biodiversityaims to protect natural habitats and species diversity
to maintain ecological balanck.g.Movements like Chipko in India promoted forest protection and
biodiversity conservation.

1 Sustainability in resource us&nvironmentalism advocates using resources in a way that meets
present needs without compromising future generatioBsgy.Promoting renewable energy and organic
farming as alternatives to fossil fuels and chemical agriculture.

1 Social equity(linking ecology with livelihoods)tt links environmental protection with the rights and
welfare of marginalized communitieS.g.Tribal rights over forests under FRA 2006 ensure both
conservation and livelihood protection.

1 Policy interventions to curb pollution/degradationThe movement pushes for legal frameworks and
regulations to reduce environmental damadeg.The Environment Protection Act, 1986 in India
empowers the government to address industrial pollution.

About Three Waves of Environmentalisin India:
1. First Wave (Early 20th Century: Phedependence)

1. Intellectual critique of colonial industrializationThinkers 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 stressedsséficiency and
minimalism.

3. C20dza 2y GNRLIAOLf SO2f 238 QaKumakdppa advotaied ford6 Wo
SO2y2YA0O aéaitsSya NBaLISOGAYy3dI LYRAFQa aSyaa

4, ' NBFYy LEIFYYAYI o6t GNRO] [E&IRR frédmdtediedaiogidal lingdn 6
designs integrating nature and human settlements.

5. Examples:

A ¢ | 3 2 Jilketanexperimentsblending education and ecology.
A Organic farmin@dvocacy by the Howards.
2. Second Wave (197Q4980s: Grassroots Movements)

o al a& LJ NI AOALIJ i A-Budfging SotestshCominda peajile? eQueciallyNBngen,
led nonviolent actions to protect forests.

o Gandhian nonviolence + ecological justicélovements merged peaceful protest with
demands for environmental equity.

o Policy impact: Creation oMIoEFC(1980) and environmental lawsFhese movements led to
institutional responses like forest protection laws.

o Livelihoodcentric (e.q., Narmada Bachao Andolafpcus shifted to how big projects affected
LI22N) O2YYdzyAlASaQ fAGSa yR SO2f23ed

o Examples:
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A Chipko Movement (1973)Saved Himalayan forests; inspired global-activism.
A Silent Valley Movement (1978Halted hydroelectric project in Kerala.
3. Third Wave (21st Century: Climat@entric Youth Activism)
o Climate change as a unifying them¥outh movements now focus on global warming and
ecological breakdown.
o Urban-centric issues: Air pollution, -gvaste: Cities face new threats like hazardous air and
unregulated electronic waste.
o Digital mobilization Eridays for Future Indig social media enables fast, wideaching
environmental campaigns.
o Demand for green jobs and renewable energgouth seek sustainable livelihoods through
clean energy and eetech.
o Examples:
A Protests againsharey Colonydeforestation(Mumbai Metro).
A Chennai water crisis (2018parking urban sustainability debates.

Significance of Environmentalism in India:
1 Policy ReformsEnvironmentalism has driven legal and institutional changes to protect nature and
regulate industry.
1 Global Leadershipindia showcases leadership in clean energy and climate diplomacy on global
platforms.
1 Livelihood ProtectionEnvironmental conservation safeguards the sustenance of falegéndent

communities.
1 Climate ResilienceEnvironmentalism promotes ecosystdmased solutions to reduce disaster

vulnerability.

Conclusiont YRA L Q&8 SYyGANRYYSyidltAaYy Sg2t SR FTNRY -B@f 2y
climate action. Despite challenges like lax enforcement and corporate lobbying, grassroots activism and
scientific expertise offer hope. Balancing development sunstainability remain the ultimate test.

PYQW/ t AYIGS / KIFy3aSQ A& | Jt26Ff LINRPofSYDdD I 26 LYR
coastal states of India will be affected by climate change? (2BS0)

24.Green Credit Programme
Context: TheGreen Credit Programm&CP), launched in 2023, faces cr|t|C|sm for potentlally |ncent|V|2|ng
forest diversion and promoting plantations on ecologically sensitive B R L@SEaReg B
lands.
About Green Credit Programmés(Ch:
f Launched inOctober 2023 (notified under Green Credit Rulesi
1 Officially unveiled At COP28 (2023)y Prime Minister of India
and UAE President
T Implementing Agencyindian Council of Forestry Research angiass
Education (ICFRBehradun
1 Aim of GCP:
o Incentivizevoluntary environmental actiongafforestation, water conservation, waste
management) througlradable green credits
o SupportMission LiFELifestyle for Environmentpy encouraging ecériendly practices.
o Allow industries/entities to use credits faompensatory afforestatiorandESG
(Environmental, Social, Governance) compliance
1 Key Features:
o Voluntary Patrticipation:Open toindividuals, corporates, and PSUallowing diverse
stakeholders to contribute to environmental sustainability initiatives.
A Participation imon-mandatory, encouragingproactive ecological investmerdligned
with Mission LiFE.
o Seven Activities Coveredhese includéree plantation, water conservation, sustainable
farming, waste management, air quality improvement, mangrove protecti@andeco
restoration.
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How it works:
1 Redistration:Interested entities musapply and registewvith the Indian Council of Forestry Research

)l
)l

25. Coral Bleaching

o Tradable CreditsParticipants eargreen creditsor verified eceactions, which are
marketable on a domestic platform.
o Compliance UseCredits can be used to fulfdbmpensatory afforestation obligations under
the Forest Conservation Act, 20P3an Adhiniyam)
A They can also help meEnvironmental, Social, and Governance (E8@hmitments
under SEBI norms.

and Education|CERE

o ICFRE acts as thedal authority for verifying and processing green credit applications.
Land AllocationState forest departments allocatiegraded land parcels of at least 5 hectaries
green activities.
Plantation Drive:After allotment,forest departments execute and maintain plantation efforissing
the funds provided.

o The activity must be completed withtwo yearsof approval and payment.
Credit GenerationOnegrown tree equals one green creditvith a minimum density af,100 trees
per hectare
Credits are validated based @wtal silviclimatic suitabilityand verified by the department.
Trading:Generated green credits can baded on a domestic marketo industries and organisations.

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 isCoral Bleachin®

1

1

Key Features of the Current Event:

Coral bleaching occurs whenolonged thermal stresgauses corals texpel zooxanthellagsymbiotic
algae), leading téoss of colorand vital energy source.

Bleached corals appear white and become highilyerable to disease, starvatigrandeventual
death.

1

f

Causes of Coral Bleaching:

Unprecedented ScopeBleachingevel heat stress has impacted 83.7% of coral reef areas worldwide
(NOAA, 2025).

Geographic SpreadPacific, Atlantic, and Indian Ocean reefs, including Great Barrier Reef and
Lakshadweep, are affected.

Severity Levels IntroducedNOAA added Alert Levelg3to signify over 80% potential coral mortality
risks.

Backto-Back EventsGreat Barrier Reef has witnessed six mass bleaching events since 1998, the las
two in consecutive years (20224).

No Safe Havens LefEven thermally resilient zones like Raja Ampat and Red Sea suffered bleaching,
indicating global vulnerability.

1

f
f
f

Consequences of Bleaching:

RisingSea Surface Temperaturefriggered bylimate changeandEl Nifio eventge.g., record 1.5°C
above preindustrial levels in 2023).

Ocean AcidificationL Y ONB I &SR / hi fS@Sta |fGdSNI 20SIy OKS
Pollution and SedimentationRunoff, plastic, and toxins reduce coral resilience.
Overfishing:Disrupts reef ecology, affecting co@hae dynamics.

1
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Loss of BiodiversityCoral reefs suppoit/3rd of marine life; their degradation leads to mass species
loss.
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1 Food and Livelihood Crisis:
Affects1 billion peoplereliant on  KEY INITIATIVES TAKEN FOR CORAL BLEACHING AND REEF CONSERVATION:

reef-related fisheries and 1.Regulation Zone (CRZ) Notification, 1991: Issued under the Environment
tourism. B Protection Act, 1986, it restricts activities harmful to coastal ecosystems,
f Coastal VulnerabllltyWeak thereby aiding coral reef protection. M“m

reefs cannot buffestorm surges 2 Gulf of Mannar
and erosion risking coastal
populations.

1 Economic ImpactGlobal reef
ecosystem services are valued a
~$375 billion annually

1 Ecosystem Collaps®ecurrent
bleaching reduces reef recovery
capacity, pushing systems
beyond tipping points.

Biosphere Reserve Eco-Development: Implemented
community-based livelihood alternatives to reduce dependency on coral

ecosystems, enhancing local coral sustainability.

3.Coral Reef Recovery Project — Mithapur (Gujarat): Launched by Wildlife Trust
of India and Gujarat Forest Department in 2008 to restore degraded reefs

using coral transplantation and natural recruitment methods.

4.Zoological Survey of India - Coral Restoration in Gulf of Kachchh:
Successfully reintroduced branching corals like staghorn species, aiding
ecosystem revival after 10,000 years of local extinction.

5.Marine Protected Areas (MPAs): Areas like Gulf of Mannar Marine National

Park and Gulf of Kachchh Marine National Park act as biodiversity hotspots

Way Ahead:
1 Global Emission Reductions:

Urgent need to meel.5°CParis

Agreementtargets to reduce marine heatwaves.

Expand Marine Protected AreaShield reefs from local stressors.

Strengthen Monitoring:Support citizen science and-édiven reef health platforms.

Climate Financing for Reef NationBirect funds for sustainable tourism and reef restoration.
Public Awareness and EducatioRromote communityled reef conservation.

and safeguard coral reef habitats from anthropogenic stress.

= =4 =4 =

ConclusionThe 2025 hpbal coral bleachingvent marks an ecological emergency, underscoring the climate
ONR&aA&AQAa INBogAYI AYLI OO 2y YIENRYS 0A2RAQGSNAAGE D
global cooperation, and sustained conservation efforts. Without immediate nidigiathe world risks losing its
most vital underwater ecosystems.

PYQAssess the impact of global warming on the coral life system with exanfpleS€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 {lesadl implementation to address
escalating ecological and economic impacts.

What isMarine Litter?

1 Definition: Marine litter refers to humargenerated waste that ends up in oceans and seas, primarily
through rivers, drains, and coastal activities.

71 Plastic DominanceOver 80% of marine debris is plastic, including bags, bottles, microplastics, and
fishing gearExample:Sea turtles mistake plastic bags for jellyfish, leading to fatal blockages.

1 Ghost Gear HazardDiscarded fishing nets (ghost gear) trap and kill marine life long after their utility
ends.Example:Over 650,000 marine mammals
die yearly due to entanglementy(NEP. T—

71 Bioaccumulation RiskMicroplastics enter the
food chain, impacting marine biodiversity and - -
human health. o

1 Navigation Threati itter impedes shipping, == . =%
fishing, and tourism sectorsposing safety and =
economic risks. g

Global Data Insights on Marine Litter:
1 Plastic SurgeGlobal plastic production in the
last decade surpassed the entire 2@tentury
output (UNESCO Ocean Literacy).
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Global Initiatives Against Marine Litter:

2050 WarningOceans may contain more plastic than fish by weight if trends continue (UNESCO).
COVID ImpacDisruption of waste systems during the pandemic intensified litter flows.

Microplastics Detected from Arctic ice to deegea trenches showing global scale and irreversibility.
Global Mortality: Over 1 million marine animals die annually due to plastic ingestion or entanglement
(WWEF).

1.

2.

India is Lagging Behind in Controlling Marine Litter:

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

UNCLOS (19947he 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.

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 ta
clean up the oceans.

| b 9 tCl@an Seas Campai@?017):Launched by the UN, this campaign encourages countries to
reduce plastic use, especially singlee plastics.

Sustainable Development Goal (SDG) 14his 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.

1 Lack of Standalone Policindia lacks a direct national policy for marine litter mitigation.

1 Overreliance on Plastic Waste Management Rules (20T6)ese rules focus on general waste but lack
marine-specific enforcemente.g EPR implementation remains inconsistent across states.

1 Delayed Action PlanvWhile a National Action Plan is being developed, its implementation remains
pending.

1 Landbased Litter IgnoredRivers and drains funnel untreated solid waste into oceans.

1 Sectoral FocugExisting maritime pollution control focuses primarily on shipping, not comprehensive
waste streams.

Way Forward:

1 Adopt a NationalMarine Litter Policy:India must formalize a comprehensive marine litter law
incorporating lanesea continuumE.ga 2 RSt ft SR 2y WI LI yQa al NAyS |
Framework Directive.

1 CommunityBased MonitoringEngage coastal communities in lot@tel waste surveillance and clean
up.E.g.Y S NIW{Idg¥K A G ¢ | { I rAbbilidéd ¥sQerfalBN@call&ctniarine plastic.

1 Leverage Extended Producer Responsibility (EERJorce plastic recovery targets and traceability at
coastal and riverine levels.

1 Circular Economy ApproaciPromote biodegradable alternatives, waste segregation, and recycling
near coastsk.g.Link with Swachh Bharat 2.0 and National Green Hydrogen Mission for sustainability,

1 Scientific Collaboration and InnovatiorPartner with GESAMP, GPML, and UNEP for R&D -on bio

ConclusionMarine 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
innovationdriven solutions. Only then can our blaeonomy be truly sustainable.

PYQMWhat is oil pollution? What are its impacts on the marine ecosystem? In what way is oil pollution
particularly harmful for a country like India? (UPZRR23)
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Syllabus: Environment Pollution
27.Capand-Trade India

Context:A recent study published ifhe Quarterly Journal of Econom@® y ¥ A NI S R Emiksloris { dzNi

TradingSchemé 9 ¢ { 0= (G KS 62 NI RQa T A NErlreddded\dblIStion by 280 haid NIi A
lowered compliance costs by 11%.

What ISCaDanq-Trade? Company A I"ustration of Cap Company B
CapandTrade is anarket-

driven environmental policy and Trade

where the governmensets a

maximum limit (cap)on the total Under the Exceeded

level of pollution that can be eémission cap allowance emission cap

emitted by industries.
1 Under this system,
companies aréssued UlonEy Q

pollution permits that

allow them to emit a
specific number of Company A is selling surplus A
allowance to company B for P28

pollutants. th ot oo "
1 If a firm emitdessthan 5 [RCIEEES PEIES

its permitted share, it casellits unused permits to other firms struggling to meet their limits.
1 This creates &inancial incentivefor industries toreducepollution efficiently and invest in cleaner
technologies, as doing so can turn into a profit opportunity.

How Does Cajand-Trade Work?
1 Requlatory Cap Setting:
o The government or regulatory authority setsodal emissions ceilingcross all participating
firms, based on environmental goals (e.qg., air quality improvement, climate targets).
1 Permit Distribution:
o Pollution permits are theallocated
A Free allocatiorto firms based on past emissions (grandfathering method).
A Auctioninga portion of permits, allowing the market to determine their price.
f Trading System Among Firms:
o Companies that caout emissions cheaplwill do so andselltheir surplus permits.
o Companies facingigher abatement costganbuy permits to remain compliant rather than
investing heavily in immediate technology upgrades.
1 Penalties for NoRCompliance:
o Firms failing to hold sufficient permits for their actual emissions &iuget financial penalties
o Penalties ensure that it remaimheaper to comphby reducing pollution or buying permits
rather than paying fines.

Challenges to Capnd-Trade Model:
1 Monitoring gaps:Effective capandtrade relies on precise, reéime emissions data, which demands

continuous oversight and maintenance of monitoring systefng{ dzNJ (1 Qa adz00Saa 4|

installation.

7 High initial setup costSetting up infrastructure lik€ontinuous Emissions Monitoring Syste(@gEMS)
can be financially burdensome, especially for small industEgsCEMS installation was mandatory for
317 industries.

1 Market manipulation risk:Industries could collude to hoard permits, manipulate prices, and
undermine the true spirit of emissions trading unless strict controls are enfokegd/Neekly auctions
were introduced to avoid hoarding.

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

Way Ahead:
1 Expand ETS to other citieScaling caqand-trade to other polluted urbasindustrial centers can

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

1 Include more pollutants. N RSy GKS 9¢{ (2 O2@SNJ I asSa fA]
(NOx) to comprehensively tackle industrial polluti&ng.Gujarat consideringulfur dioxidecap-and
trade next.

1 Investin CEMS technologioosting investments in reliable, tampproof CEMS technology will
ensure greater transparency and regulatory efficiefieg/ 9 a{ ONRARGAOIf F2NJ { dz
success.

1 Set dynamic emission capEmission caps must be adaptable to account for seasonal pollution
variations and industrial production cycles for better effectivenésg{ dzNJ (G Qa OF LJ NB @
170 tonnes/month.

1 Enhance stakeholder engagememctive participation of industries, local bodies, and citizens through
awareness campaigns can ensure broader acceptance and sUe@eSsirat industries collaborated
with GPCB during redut.

Conclusion{ dzNJ 6 Q& 9YAadaAz2ya ¢mdrk&baged sojutdisdryeffecthiibddhce (0 K |
economic growth with environmental protectionScaling such initiatives nationwide could be vital for
achievind Y RA I Qa Ot BhileyfosterihgidlustrialNecgics

PYQW/ ft AYIFGS / KIFy3aSQ A& | hifegtédlby climad Bhanye® Yo HimldyanlagdR
coastal states of India will be affected by climate change? ({2BS0)

28. Governmentality and Stubble Burning
Context: A 2025 study by IIM Amritsar links stubble burning in Punjajmternmentalityand market failures.
The research highlights how state policies, M@&R inadvertently promote unsustainable farming practices.

What is Governmentality? _
ah OKSt C2dz0l gatein@entalifyefgrOts hdiv | N~ 1
aldldSa Ay Tt da®guléidn r@erthan WSiggd Q1 ”
direct coercion.

Types ofGovernmentalities in Agriculture

1 Neoliberal Governmentality Market-driven policies
(e.g., MSP) shape farmer behavior without direct
enforcement.E.g.MSP incentivizes rie@heat monoculture, discouraging crop diversification.

1 Disciplinary Governmentality, Penalties (e.g., fines for stubble burning) force compliance without
offering alternativesk.g.Punjab imposed2.5 lakh finesbut failed to provide affordable stubble
management solutions.

1 Pastoral Governmentality; State positions itself as a protector but prioritizes urbadustrial
interests over farmerdsz.g.Crackdowns on farm fires while ignoring industrial pollution in Delhi.

1 SecurityOriented Governmentalityg Policies focus on food security (e.g., MSP for wheat/rice) but
neglect ecological costE.g.t dzy 235 mifliégh tonnes of paddy residuburnt annually due to lack of
alternatives.

1 Market-Driven Governmentalityc Middlemen (arhatiascontrol pricing, trapping farmers in debt
cyclesE.g.Farmers sell paddy atl,900/quintal while market rates exceed2,500Q

How Governmentality Worsen®ollution?
f MSP Promotes Monocropping Focus on rice/wheat leaves no incentive for €égendly crops.
E.gt dzy 285% prddy areander MSHinked varieties.
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1 Lack of Affordable Alternativeg{ G I G S LISy f AT Sa o0dz2NYyAy3d odzi- R2$4ay

decomposersk.g.0Only15% of Punjab farmerase crop residue management machines.

9 Urban Biasn Policy¢L Y Rdza G NA I f LRt fdziA2y o6om: 2F 5SSt KAQA |

vilified. E.g.NCR industriesmit 280 tonnes/day of PM2.%s.120 tonnes/day from stubble burning

1 Middlemen Exploitation¢ Arhatias control credit, forcing farmers into debt and costting measures
like burning E.g.60% of Punjab farmerare indebted, per NABARD 2022.

1 Weak Enforcement & IncentivesShorti SN & OKSYSa o6 S o 3-dukning) failtor K lj dz?

y U
address systemic issudsg.OnlyH /&> 2 F t dzy 2 6 Q a availddrentyakaidffol résiue¥ | NI S

management.

Remedies to Address Systemic Failure:

1 Create StubbleBased Markets; Promote fodder, biofuel, and packaging industries to monetize crop
residue.E.gl I NBF yI Q& M H utiizé 2 2/hhilliodtonhds/yesr bfStubble.

1 Reform MSP & Crop Diversificatianinclude millets, pulses, and oilseeds in MSP to reduce paddy
dependencyE.g.! Y RKNJ Q& Ycuttwéter &8s By 30%®while improving soil health.

1 Strengthen Value ChainsStateled price transparency and direct farmerarket linkages to bypass
middlemen.E.geNAM platformf Ay 1 & FFNYSNAR (2 0d22SNAR odzi O2¢

1 Subsidize Sustainable TecglExpand access to happy seeders;déasomposers, and balers via
cooperativesE.gt dzy 2 0 Q& pnemch@eaydeadh&dnly 25,000 farmers in 2023.

1 Behavioral Change Campaigg®artner with religious/NGO groups to reduce aspirational eilybten
farming.E.g{ N&A { N&A wZer@Budoptkarndijotorksnapsin Haryana reduced input costs by
40%.

ConclusionStubble burning stems fromolicy-driven market failures not farmer negligence. Solutions
requiresystemic reforms MSP diversification, stubble valorization, and fair pricingalanced
approachmustaddress rural marginalizatiomwhile curbing pollution.

PYQDiscuss in detail the photochemical smog emphasizing its formation, effects and mitigation. Explain the
1999 Gothenburg Protocol. (UR2021)

Syllabus: Disaster Management

29.Dust Storm

Context: A severe dust storm hit DelNCR with wind speeds reaching up to 80 kmph, killing one and injuring
three. ThelMDissued a red alert, and 15 flights were diverted due to poor visibility anddgigbd winds.

UnderstandingDust Storms
1 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 Causeddroughts, arid conditions, low
vegetation, and strong pressure gradients.
o Humanlinduced FactorsOvergrazing, deforestation, unsustainable farming, and land
degradation.
1 Regions Impacted in India:
o Rajasthan, Haryana, Delhi, Gujarat, and parts of Uttar Pradesh frequently experience dust
storms duringore-monsoon months

Consequences of Dust Storms
1 Human ImpactRespiratory illnesses like asthma and bronchitis increase due to PM2.5 and PM10
particles. Eg5S8f KAQa ! vL RNRLIWSR (2 wmMcnz odzi SE
1 Risk of injuries and fatalities from flying debris, collapsing structures.
E.g.Death of a 6%earold in Delhi due to wall collapse.
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1 Governance ImpactDisruption of power supply, damage to infrastructure and public services.
E.g.Power outages in NorthVest Delhi, tree falls blocking roads.
1 Air and rail traffic delays affect emergency responses and logistics.
E.g.15 flights diverted from IGI Airport.
1 Animal Impact:Livestock face dust inhalation, eye irritation, and dehydration.
E.g.Reported cases of animal distress in stggrone regions of Rajasthan.
{1 Migration patterns of birds disrupted due to low visibility and altered air currents.
1 Geographic/Environmental Impact:
o Topsoil erosion reduces land fertility, worsening desertification.
o Dust storms carry pathogens, impacting water bodies and crops.
E.g.UNCCD report2000 million tons of dust emitted globally every year

Measures to Counter Dust Storms:

1 Early Warning System$éMD alerts, satellite tracking, and-Based forecasting for redime action.

1 Urban Planning and InfrastructurdJnderground cabling, wintesistant structures, and green belts to
block dust movement.

1 Natural Resource ManagemenReforestation, afforestation, and sustainable soil conservation
practices.

1 Health Preparednesdviedical advisories, free distribution of masks, and mobile health units in storm
prone areas.

1 International Collaboration:Support from UNCCD, WMO, and regional bodies for joint mitigation
strategies and policy frameworks.

ConclusionDust storms, intensified by both natural and anthropogenic causes, pose significant threats to
human health, infrastructure, and ecosystems. A holistic approach integredirtg warnings, sustainable land
use, and community resiliencis vital for mitigating their impact.

PYQ:The process of desertification does not have clinfadandaries. Justify with examplg&lPS€020)

30.Heatwaves in India
Context:India withessed severe heatwaves in March 20230 days earlier than in 2024 highlighting the
urgent need for shorterm and longterm strategies to tackle heat stress and its cascading impacts.

About Heatwaves:
Definition: A heatwave is a prolonged period of WRI INDIA
excessively hot weather, often accompanied by high
humidity, significantly impacting human health,
agriculture, and ecosystems.

EXPOSURE TO HIGH TEMPERATURES
INDIA

Recorded on 30th April 2022

An estimated 56.49 Crore seopis would

Key Features:
1 InliIndia, a heatwave is declared when maximum

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

7 ltis intensified by factors like humidity, wind
speed, and urban heat islands.

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

LEGEND
(-

Impacts of Heatwaves:
1 Health Impacts:
o Causesheat stress affecting kidneys, liver,
brain, and can lead to death.
o Vulnerable groups: elderly, women,
outdoor workers, poor communities.
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1 Economic and Livelihood Impacts:
o Reducesgricultural productivitykills livestock.
o Lowers work hours, especially among informal sector workers.
o Estimated loss3%c5% of GDPin 2023¢:"c 2 F L Y RA ward lossdud\td hedt Strezs.B

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

Challenges associated Heatwave are:

1 Inadequate ImplementationHeat Action Plan@HAPS) exist but face poor execution.
Lack of Comprehensive Datincomplete heatrelated morbidity and mortality statistics.
Urban VulnerabilitiesConfined spaces, dense housing amplify risks in poor neighbourhoods.
Infrastructure Gapslinsufficient cooling shelters, public water points, and ORS availability.
Limited AwarenessPublic education on heat safety remains patchy.

= =4 =4 =4

Way Ahead:
1. ShortTerm Measures:

a. Strengthen HAPdJpdate State and citlevel plans factoring in humidity and local
vulnerabilities.

b. Early Warning System#&doptHeat Health Alert (HHA3ystems using both day and night
temperatures.

c. Immediate Public Health Action€nsure availability of drinking water, ORS, staggered work
hours.

d. Targeted AdvisoriesProvide localized and socially contextual heat advisories.

2. LongTerm Measures:

a. Urban Planning Reform$2romote cool roofing, green spaces, better building materials.

b. SummerSheltersd & G 6f A 4K WadzYYSN) aKSt SNBRQ F2NJ Dz y

c. Skill DevelopmentTrain workforce for heatesilient construction and urban management.

d. Insurance Coveragéffer insurance for wage losses during extreme heat events.

e. Policy Integration Coordinate climate action across sectors for sustainable adaptation.

Conclusioni Y RAF Q& NA aAy3ad KSpedpekedisc, efuityNdBusdl aRSisneefaRed |
approach combiningmmediate relief measuresndsustainable, longterm urban resilience strategies
Proactive policy action today can avert major public health and economic crises tomorrow.

PYQu |l SI G ¢ @Sa KI @S 6S02YS Y2NB FNBIjdzsSyid FyR AyldBy:
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 Policya 2 Yy St NB L}2f A O&8 NBTFSNI fl o

strategy to control money supply and interest rates in the economy to
ensure stability and growth.

Objective:lts 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. LQ&a FANRG Y2y SGFNE LRtAOE FAESR GKS . Iyl wlli
Origins:

f Bank Rateg Inspired by the Bank of England.

1 CRR; 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.

[<=N
w

Types of Monetary Policy Tools:
Quantitative Instruments:
Bank Rateinterest rate at which RBI lends to banks. Influences-tenm lending rates.
CRR (Cash Reserve RatMandates banks to keep a % of deposits with RBI. Controls money supply.
SLR (Statutory Liquidity RatioRequires banks to hold liquid assets. Ensures solvency and liquidity.
Repo Ratew . L Q &terra lérgliNgirate to banks. Affects borrowing costs and inflation.
Reverse Repo Rat®ate at which RBI borrows from banks. Absorbs excess liquidity.
OMO (Open Market OperationsRBI buys/sells securities to adjust liquidity. Impacts money supply.
MSF (Marginal Standing Facilittfmergency funds for banks at higher rates. Manages liquidity crises.
LTRO & MSSools for longierm liquidity and stabilizing capital flows. Addresses specific market
needs.
Qualitative Instruments:

1 Credit RationingCaps credit to certain sectors. Prevents overexposure to risky loans.
Margin RequirementsAdjusts collateral needed for loans. Influences speculative borrowing.
Consumer Credit Regulatiof€ontrols instalment loans. Curbs excessive consumer debt.
Moral SuasionRBI advises banks informally. Guides lending behaviour without mandates.
Direct Action:Penalties like PCA on na@ompliant banks. Ensures adherence to RBI norms.

= =4 =4 -4 4 A8 -4 -4
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2. Accommodative Stance
Context: The Reserve Bank of India (RBI), in its |dtkstetary Policy CommitteEMPC) meeting, retained its
accommodative stance to support economic recovery amidst moderating inflation and sluggish growth signd

S.

About Accommodative Stance:
1 What is anAccommodative Stance
o Anaccommodative stancé amonetary policy approach
adopted by central banks like the RBktonulate RE S ERVE BAM
economic activity It generally involves keeping interest | F [NDIA
rates low and ensuring ample liquidity in the system. o
1 When is it Adopted?
o Wheneconomic growth slowsr is below potential.
o Wheninflation is low or within target range
o During periods needingoosts in consumption, investment, and employment
o Inresponse tdinancial shock®r global economic uncertainties.
1 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.
1 Tools Used by RBI under Accommodative Stance:
o Reducing Repo Ratéowers borrowing cost for commercial banks.
o Open Market OperationgOMOSs):RBI purchases government securities to inject liquidity.
o LongTerm Repo Operations (LTROBJovide longeterm liquidity at low rates.
o Cash Reserve Ratio (CRR) adjustmeh&mnporarily reduce CRR to enhance bank liquidity.
o Moral Suasion & Requlatory Forbearand®BIl nudges banks to increase lending.
1 Implications on the Indian Economy:
o Boosts consumption and investment, drivi@®P 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 Mumlpai,
with Finance Minister of India attending the celebrations.

About Bombay Stock ExchandBSE):
What it is?

19 BSElLtd.isaAl Q& 2f RS aéandanmapO ]
platform for trading equities, debt, mutual funds,
derivatives, and commodities in India.

{ Establishedinmy TpX~X 2NAIAYy Il ffe |

NE{SNEQ ! 23320 AL GA2y¢ T2
Premchand Roychand
History:
1 Began informally under a banyan tree near Mumbai Town Hall.
Shifted to Dalal Street in 1874 and formalized in 1875.
Became thdirst exchange to be recognized under the Securities Contract Regulation Act,. 1956
Introducedelectronic trading in 1995replacing the open outcry system.
Partnered with theUnited Nations Sustainabl&tock Exchangdsitiative in 2012.
Launchedndia INX(first international exchange) in 2016.
Listed itself orNational Stock Exchange in 2017

= =4 =4 -4 4 =

Key Features:
1 Benchmark IndexSensex (30 toperforming companies), launched 1986

1 Market Capitalization Surpasse&5 trillion in May 2024, ranking 6th largest globally.

1 Product OfferingsEquities, stock futures/options, index derivatives, debt securities, ETFs, mutual
funds.

7 Listings:Over5,000 companiesthe highest among all global exchanges.

1 Technological AdvancemenEarly mover irelectronic trading systemshroughBOLT (BSE Online
Trading)

4. National Bank for Financing Infrastructure and Development (NaBFID)

Context: The National Bank for Financing Infrastructure and DevelopnidaBFIDsigned a strategic MoU
with the New Development Bank (NDB) to boost cooperation in-teng infrastructure and clean energy
financing in India.

™ i I —

About NaBFIDNational Bank for Financing Infrastructure and
Developmen):

1 What it is:ADevelopment Finance Institution (DFI)
dedicated to funding longerm infrastructure projects
across India.

1 Established underNaBFID Act, 2021.

1 Regqulated byReserve Bank of India (RBI) as atnilia
Financial Institution (AIFI).

Objectives:

1 Fill gaps in longerm nonrecourse infrastructure finance.

1 { dzLJLJ2 NIi 3 NERbérid Knd Befivatives Rarket® a

1 Accelerate sustainable economic development.

1 Strengthen theecosystem foproject financingin clean energy, transport, and water.

Key Features:
9 / FLAGETE ol aS1tildn wtSinsiuddndl Sipporti 2
1 Focus ormedium to longterm funds(1¢5+ years).
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f Plans joint research, workshops, and capacity building with global partners like NDB.
1 NaBFID promotegublic-private partnerships(PPPsand ensures financial viability of infrastructure
projects.

About the New Development Bank (NDB):

What it is: A multilateral development bank formed by the BRICS natiofyazil, Russia, India, China, South
Africa.

Idea proposed2012 BRICS Summit, New Delhi.

Established byFortaleza Declaratiord5 July 2014

Became operational21 July 2015.

Aims:

1 Mobilize resources fanfrastructure and sustainable development

1 Fund projects irmerging and developing economi¢dEMDCs)

1 Encouraggreen and inclusive growtlthrough clean energy, transportation, and water management.
Key Features:

f Authorized capital:$100 billion

9 LYRAI Q& O WillioNJpaiddnl7 xréngh¥s from 204Z0D22)

f Active in India:20 ongoing projects wortf4.867 billionfunded by NDB (as of Dec 2024)

5. Bear Market

Context: The S&P 500 briefly entered bear market territory, dropping over 20% due to escal&itayiffs
under President Trump. This is the first such decline since 2022, triggering global recession fears and investor
panic.

About Bear Market:
What is aBear Marke® A bear marketrefers to a situation where stock index declines by 20% or moft®m
its recent peak, indicatingpvestor pessimisimand negative economic outlook.

Causes of a Bear Market:
1 Weak Macroeconomic Indicator®eclining GDP growth, rising unemployment, and reduced industrial
output. , »
1 Investor Sentiment Collapsd=eardriven seHloffs due to ﬂh 8 /4
uncertainty or panic. 18
Y Policy Shocks and Geopoliticdudden tariffs, wars, or oil}
crises disrupting investor confidence. :
I Overvaluation of Stockdvlarket corrections after an
unsustainable bull run.
Key Characteristics of Bear Market:
1 Sharp price declineMore than 20% from peak levels.
1 Widespread investor panicRisk aversion dominates.
1 Low investorconfidence Reduced demand for equities.
9 Higher bond demandShift toward safe assets.
Implications on Economy:
1 Reduced Household WealtlA decline in stock values reduces personal net worth. This lowers
consumer spending and overall demand in the economy.
9 Business Investment SlowEirms delay expansion due to market uncertainty.
Capital inflows and fundraising activities liROdecline significantly.
1 Job Market ImpactCompanies adopt costutting measures to preserve margins. This leads to hiring
freezes, layoffs, and stagnation in wage growth.
1 Government Revenue FallReduced market activity lowers capital gains tax collection. This impacts
fiscal capacity and government spending on public services.
1 Higher Financial VolatilityRisk 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 éBear Marke®

Monetary Policy Interventioniowering interest rates, quantitative easing by central banks.
Fiscal Stimulus Packagésovernment spending to boost demand and employment.
Diversified Portfolio Strategytnvestment inndex funds bonds andgold for safety.

Investor Education and AwarenesBncouraging lorierm focus to reduce panidriven selling.
Regqulatory StabilityPolicy continuity, trade certainty and investor protections.

=A =4 =4 =8 =4

6. NITI NCAER States Economic Forum Portal
ContexttCA Yl yOS aAyAaildSNCERE(fl GiSIadzO0RR yirKyS\ Qi bCL2¢NLHzY ¢ LJ2
30 years of consolidated data on social, economic, and fiscal parameters of all Indian states.

About the NITINCAER Portal:

What is it?A digital platform offeringomprehensive, statevise datafrom v
199091 to 202223, to support evidenceased policymaking and research. §
Developed byNITI Aayog in partnership with National Council of Applied
Economic Research (NCAER).

Launch byMinistry of Finance.

Objective / Aim:
1 To serve as eentralised data huldor tracking statelevel trends.
1 To aidresearchers, policymakers, and academincomparative analysis and development planning.
1 To encouragelata-driven policy discussionand fiscal transparency.

Four Key Components of the Portal:

1 State ReportsCovers 28 States and structured aroutemography, economic structure, soGio
economic and fiscal indicators

1 Data RepositoryAccess to raw and categorised data under 5 verticals: Demography, Economic
Structure, Fiscal, Health, and Education.

7 State Fiscal and Economic Dashboaviisualizes key economic trends and provides easy access to
graphs, summaries, and downloadable datasets.

1 Research and Commentarin-depth analyses and expert views stiate financesandfiscal policies
This supports longerm academic and policy research.

Features & Significance:

T 30 years of historical trend§1990G91 to 202223)
Facilitatesdbenchmarkingacross states and against national averages.
Bridgesdata accessibility gapfor informed policymaking.

Offers insights foevidencebased reforms and public finance planning
Encouragefransparency andcooperative federalism

= =4 -4 =4

7. Credit Flow in MSMEs and SMEs

Context¢ KS ONBRAG 3IILI AY LYRAIFIQ& af{a9 aSOG2NI Aa Sai

shift toward decentralised, digital credit systems.

About Current Credit Status of SMEs & MSMEs:
1 MSMEs contributél o /"2 (1 2 LayicRemnplay avedD®Gntillion people
1 Despite their significanc@&0% of MSMEs rely on informal credfiacinghigh interest ratesand
scalability issues.
T Traditional banks often reject applications due to lack of collateral or credit history.

Importance ofCredit Flow in MSMEs and SMEs
1 Employment CreationAffordable credit allows MSMEs to expand and hire more, directly impacting
employment generationE.g. m f I { K ONBRA (i 16 pbs@iniatr9 &f MSMEY S NI ( S
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1 Boost to GDP GrowthBetter credit access improves productivity and enables MSMEs to contribute

1

more to GDPE.qg.Digital lending coulddd 1.5% to GDBy 2025 (BCG report).

Promotes Financial
Inclusion:Digital
payments, credit
analytics, and online
lending formalize micro
businesses, bringing themr
into the financial
mainstreamE.g.UPI
Sylof SR MYy
transactions in 2023,
easing payments for smal
vendors.

Encourages Innovation
and Digitisation:Credit
flow supports the
adoption of new tech
tools, which improve
business scalability and
competitivenessk.g.PSB
Loans in 59 Minutes
sanctioned 1.5 lakh

INITIATIVES TAKEN BY THE GOVERNMENT TO ENHANCE
CREDIT FLOW TO MSMES/SMES: w

Priority Sector Lending (PSL) Mandate: All loans to eligible MSMEs are classified
under Priority Sector Lending, ensuring dedicated and increased credit availability
from banks.

Credit Guarantee Fund Trust for Micro and Small Enterprises (CGTMSE): Provides
collateral-free loans up to €500 lakh with up to 85% guarantee coverage for MSEs
under the Credit Guarantee Scheme.

Prime Minister's Employment Generation Programme (PMEGP): Offers margin
money subsidy on loans up to 50 lakh for manufacturing and 220 lakh for
services to boost self-employment and entrepreneurship.

Udyam Registration Portal & Udyam Assist Platform (UAP): Facilitates free online
registration and formalisation of MSMEs and Informal Micro Enterprises to improve
their access to formal credit and PSL benefits.

5PM Vishwakarma Yojana: Launched in 2023, it provides subsidised loans, skill
training, and toolkit support to artisans in 18 traditional trades to integrate them

into the credit system.

croreto MSMEs using algorithiibased approvals.

Stabilizes Cash Floweliable working capital helps small businesses avoid shutdowns during crises.

E.g.ECLGS loans saved ovel4 crore MSMEduring the COVIR9 pandemic.

Challenges to Credit Access in MSMEs and SMESs:

il
E.g.Street vendors and artisans often operatithout land titles.

il
higher costskE.g.Micro traders in UP and Bihar pa$6% annual interesto local lenders.

71 Digital Divide in Rural Indid-ow internet access and digital illiteracy hinder fintech adoption.
E.g.A khadi weaver in Odisha may not havenaartphone or UPI access

1 Cybersecurity RiskEintech systems may face data breaches, endangering borrower privacy.
E.g.The 2022Mobikwik breachexposed millions of user records.

1 Lack of Awareness about Government Schenldsny MSMEsare unaware of existing credit support
schemesE.g.Few shopkeepers in ti€3 towns know abouCGTMSE benefits

Way Ahead:

!
ofbanksE.g{ . L Qa

1 Promote Digital Infrastructure in Rural Areakvest in internet connectivity and mobile banking
access in villagek.g.BharatNet is expanding optical fibre connectivity to gram panchayats.

1 Stronger Regulatory Oversighlimplement safeguards on data sharing and algoribased lending.
Egw. LQ& 5A3IAGI

1 Wider Awareness Campaignklass campaigns to educate MSMESs about credit options and rights.
E.g.MSME Champions Portal launched for #¥ale grievance redressal.

il

Conclusion5 SOSY UGNt AaSR ONBRAG Aa
improved infrastructure, digital inclusion, and responsible governance, India can bridge the credit gap and

Collateral ConstraintsBanks demand property or higralue assets which most MSMEs lack.

Dependence orinformal Sector MSMESs often choose informal credit due to faster processing despite

Encourage Barkintech CollaborationtJse hybrid models to combine reach of fintech and credibility

LI NI YSNBEKALI gA(Roars.SY RAY 3YLI NI

Boost toCredit Guarantee SchemeExpand CGTMSE and ECLGS with higher disbursement and

[ SY RA Y BellibgdahdRr&utl.A Y S& HAHH

outreach.E.g/ D¢ a{ 9

KI a

Fl OAf AGHE G SHReeloansb T

LIA @2 01| ¢

foster inclusive growth. Supporting MSMEs is essemtiad fresilient, equitable, and higgrowth economic

future.
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PYQFaster economic growth requires increased share of the manufacturing sector in GDP, patrticularly of
MSMEs. Comment on the present policies of the Government in this regard.-QOR3C

8. Central Board of Direct Taxes (CBDT)
Context: TheCentral Board of Direct Tax@SBDT) launched an aggressive strategy to recover Rs. 2.4 lakh crg
of undisclosed income through intensified searches, raids, anddtatan actions.
About Central Board of Direct Tax¢€BDT):
1 Whatis CBDT?
o TheCentral Board of Direct Taxes (CB¥lastatutory authority responsible for administering
direct tax laws in India.
o Itfunctions under thédepartment of RevenugMinistry of Finance.
{ Established in1964
1 Formed underThe Central Board of Revenue Act, 1963, after the bifurcation of the Central Board of
Revenue (1924).
1 Ministry: Ministry of Finance, Government of India.
1 Objectives:
o Formulate policies fodirect 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.
1 Members:The CBDT is composed of one Chairperson and 6 Members.
Functions:
1 Policy MakingFormulates and administers policies relating to direct taxes like income tax, corporate
tax, and wealth tax (now abolished).
1 SupervisionOversees the functioning of the Income Tax Department.
91 Investigation:Conducts searches, raids, and assessments to curb tax evasion and black money.
9 International Cooperationfacilitates tax treaties, international information exchange, and global tax
compliance efforts.
9 Taxpayer ServiceEnsures ease of compliance through grievance redres$itihgplatforms, and
awareness initiatives.
91 Ledislative InitiativesDrafts and reviews amendments to tax laws and regulations

=

e

9. One State, One RRB Policy
Context: The Ministry of Finance has notified the amalgamation of 26 Regional Rural Banks (RRBs) across 10

adrdisSa FyR M dzyA2y GSNNAG2NER dzyRSNJ 6KS ahyS {dF(S=

total number of RRB40o 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 entityThe consolidation process thus was initiated in ylear 2005as an offshoot of Dr

Vyas Committee Recommendations.

Objective:
1 Enhance operational efficiency and governance.

1 Rationalize costs and optimize human and technological resources.
71 Eliminate competition among sponsor banks within a state.

Benefits of Consolidation under One State, One RRB:
1 Larger operational areaallow improved scale and outreach.
1 Technology integratiorand standardizationof banking services.
1 Enhanced credit exposurandrisk management.
T Unified governancainder one sponsor bank per state.

About Regional Rural BanKRRBSs):
1 Establishedin 1975under theRegional Rural Banks Act, 1976
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RecommendationBased orNarasimham Committee Report (1975)

Purpose:To bridge rural credit gaps and strengthen institutional lending in rural India.
Regulated byReserve Bank of India (RBI)

Supervised byNational Bank for Agriculture and Rural Developm@&#ABARD

= =4 =4 =4

Ownership Structure:
o Government of Indig 50%
o State Government 15%
o Sponsor Bang 35%

Objectives of Regional Rural Banks (RRBS):
o Rural DevelopmentPromote credit access in rural areas for agriculture, trade, and services.
o Financial InclusionProvide banking services to small and marginal farmers, artisans, labourer,
and small entrepreneurs.
o Priority Sector Lending-ocus on priority sectors such as agriculture and MSMEs.
o Institutional Credit ChannelAct as a supplement to cooperative credit structure in rural India.

10. Gold Prices Rise

ContextD2f R LINAOSa Ay LYRAI KI@S KAG KAAG2NAO KAIKAE:Z

stagflation concerns, UShina tensions, and rising central bank demand, including the RBI.
About Gold Prices Rise

1 Whatis the Gold Rate?

o Thegold raterefers to the market price of gold, typically measured per 10 grams in India.
o Itserves as a key indicator for jewellery buyers, investors, and commaodity traders.

1 How is Gold Price Determined?

o International Market RatesGlobal demand, supply, and events (like wars or inflation)
influence the price of gold in India.

o Currency Exchange Rata:weaker rupee against the US dollar makes gold imports costlier,
raising domestic prices.

o Import Duties & Taxest Y RA | Q&4 KA 3IK A YL NI RSimydityd e
GSTdirectly affects price.

o DemandSupply Trends in Indigestival and wedding seasons see surges in demand, pushing
up prices due to limited supply.

o MCX Future# Bullion Market BenchmarksGold futures traded oMCX (Multi Commodity
Exchangeprovide a reference rate for domestic pricing.

o Local Jewellers & Making Chargésnal jewellery prices include purity grade (22K, 24K),
making charges, local taxes, and retailer margins.

1 Gold prices india vary significantly across states and citjggiven by several factors. From
transportation costs to local demand, these elements collectively determine the final price consumer
pay.

1 Factors Affecting Gold Prices:

o Inflation & Interest RatesHigher inflation boosts gold demand as a hedge; low interest rates
make it attractive.

o Geopolitical CrisesiVars, pandemics, arfthancial instabilityraise investor interest in gold.

o Central Bank ReserveAggressive gold buying by global central banks increases prices.

o Government RegulationdRBI and policy move (e.g., SGBs, gold import restrictions) alter
market dynamics.

1 Consequences of Rising Gold Prices:

o Positive for InvestorsGold becomes a higfielding asset during uncertain times.

o Negative for Consumerstewellery and retail prices rise, reducing household gold
consumption.

o Trade Balance Impactiigh imports widen theurrent account deficif straining forex
reserves.

o Inflationary PressureRising gold and commodity prices can fuel inflation expectations.

www.insightsonindia.com 43 InsightsIAS

Y S|



http://www.insightsonindia.com/
https://www.insightsonindia.com/2024/03/21/%E2%82%B91000-crore-fund-for-agri-tech-startups-nabard-initiative/
https://www.insightsonindia.com/2024/06/24/priority-sector-lending-psl-2/
https://www.insightsonindia.com/2025/04/24/gold-prices-rise/
https://timesofindia.indiatimes.com/business/india-business/gold-rate-today-gold-price-outlook-after-yellow-metal-hits-rs-1-lakh-mark-should-you-buy-or-sell-gold-explained/articleshow/120549695.cms#:~:text=Rise%20of%20Gold&text=It%20has%20risen%20steadily%20through,surge%20in%20just%2012%20months.
https://www.insightsonindia.com/2017/10/20/insights-editorial-first-step-multi-commodity-exchange/
https://www.insightsonindia.com/2025/01/16/upsc-editorial-analysis-reserve-bank-of-indias-financial-stability-report/
https://www.insightsonindia.com/2022/06/27/what-does-our-current-account-deficit-show/

Syllabus: Major Crops & Cropping patterns.

11.Comprehensive Remote Sensing Observation on Crop Progress (CROP)

ContextL { whQa al dSftfAGSas dzyRSNJ G4KS / wht FNIYSgg2N] =
million tonnes across eight major whegtowing States for the Rabi season 2224

About Comprehensive Remote Sensing Observation on Crop Prog@EROP):
What it is?A semiautomated, scalable remote sensing framewodeveloped to monitor crop sowing,
growth, and harvesting stages in near réaie.

Developed byNational Remote Sensing Centre (NRSC), Indian Space Research Orgal@gagion (
Objective:
1 To enablesystematic, timely, and scalablmonitoring of agricultural crops using satellite data.
1 To provideaccurate crop condition assessmergapporting early agricultural planning and food
security strategies.
Features:
1 Satellite SourceduUtilizes Optical and Synthetic Aperture Radar (SAR) data from satellitE©Ig=!
(RISATLA), EOS06 (OceansaB), andResourcesalA.
1 Spatial MappingMonitors wheat distribution acros8 lakh hectaresn major wheatproducing states.
1 Crop Simulation Modelslintegrates sowing dates, crop area, ang@ason condition using 5x5 km
spatial resolution.

1 Multi-Source Data FusiofEnhances estimation precision by combining optical and radar observations.

Significance:
1 Boosts AgrPolicy Making:Supports the Ministry of Agriculture in retine agricultural monitoring.

1 Improves Food SecurityEarly yield estimation helps manage food stock and procurement planning.
1 Disaster ManagementAids in drought, flood, and pest impact assessments.
1 Advances Technology UsBromotesspacebased precisioragricultureand remote sensing

integration in farm management.

12.Hybrid Paddy Seeds
Context:Punjab government has banned the saldgbrid paddy seedahead of the 2025 Kharif seasdrhe
RSOA&aA2Yy F2fft26a NAOS YAff{SNEQ NBFdzalf G2 | O0SLI

About Hybrid PaddySeeds:

Hybrid paddy is arossbred rice varietyleveloped from two different parent lines to increagield, water
efficiency, andearly maturity.

These varieties aneon-Basmatiand cultivated focommercial highyield farming

Common Hybrid Varieties in PunjaBava 127, Sava 134, Sava 7501, 27P22, VNR 203.

Key Features
1 Higher YieldProduces 3640 quintals per acre b quintals more than regular varieties).

71 Shorter Duration:Matures in 125130 days, conserving water.
1 Less StubbleHelpful in reducing stubble burning issues.
Reason for Ban by Punjab Govt
1 Low Milling Efficiency (OTRMillers report 6@63%Qut Turn Rati®@a C/ L Qa YA Yy A YdzYy
1 Broken GrainsHigh grain breakage results in losses to millers.
1 Farmer Lossed:ower procurement prices due to quality mismatch.

13. Chlorpyrifos Pesticide

Context: Ahead of the Basel, Rotterdam, agtbckholm Convention8RS COP) in Geneva, Indian civil society
groups have urged the government to impose a complete ban on chlorpyrifos, a pesticide banned in over 4(
countries but still used in India.
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About Chlorpyrifos Pesticide

1 What is Chlorpyrifos?

o Chlorpyrifosis anorganophosphate insecticide, acaricide, and miticide
 ChemicalFormulat nl ss/ £t i bhit{®
o Used to controkoil-borne and foliagefeeding insectsn crops like cotton, paddy, soy, wheat,
and maize.

Neurotoxic AgentDisrupts the enzyme acetylcholinesterase, critical for nerve function.
Health Impactsiinked to reduced 1Q, developmental delays, memory loss, and birth defects,
especially in unborn children.
Acute EffectsCan cause convulsions, respiratory failure, or death in extreme exposures.
Environmental Concerns:
Bio accumulativeand persistent in nature.
Cantravel thousands of milescontaminating remote ecosystems, including polar regions.
Harms pollinators and aquatic life, threatening food chains and biodiversity.
Chlorpyrifos isot yet officially listed under either the Stockholm or Rotterdam Conventjdyut
global efforts are actively pushing for its inclusion.

=a

=a

=A =4 =4 -4 4

About Rotterdam Conventior{2004)¢ On Prior Informed Consent (PIC) for Hazardous Chemicals and Pesticiges
1 Objective Promotes shared responsibility in the international trade of hazardous chemicals to protec
human health and the environment.
1 Key MechanismPrior Informed Consent (PI@) exporting countries must notify and obtain consent
before shipping restricted chemicals.
1 ScopeCovers pesticides, industrial chemicals, and Severely Hazardous Pesticide Formulations (SHPFs).
T Annexures:
o Annex | Information requirements for notification.
o Annex Il Scientific criteria for listing.
o Annex lll List of chemicals (52 total35 pesticides, 16 industrial chemicals, 1 both).
o Annex IV Criteria for listing SHPFs.
1 Recent Focus?ush to includehlorpyrifosand paraquatunder Annex lll.

About Stockholm Conventiorf2004)¢ On Persistent Organic Pollutants (POPSs)
1 Obijective:Protects health and ecosystems frddOP<; chemicals that persist, bioaccumulate, and are
toxic.
1 Initial Focusé 5 A NJi & ¢ 12 Bighl$ tgxic chemicals
1 Key Features:
o Annex A Chemicals to beliminated.
o Annex B Chemicals to beestricted.
o Annex CChemicals forelease reduction
1 Financial MechanismGlobal Environment Facility (GEF).

14.The First Commercial Sea Shipment of Indian Bhagwa Pomegranates
ContextLYy | YlFE22NJoz22aid (G2 LYRAIFQ&a FTNBaAK FTNHA G SELRNI
Pomegranates successfully arrived in New York.

Recent Consignment dfomegranates to the USA:

What it is? A landmark commercial sea shipment carrying Indaagwa varietpomegranates arrived on the
U.S. East Coast in March.

Origin: The fruits were sourced from farms affiliated with Kay Bee Exports, Maharashtra, and processed
OKNRdzZZK !t 95! Q& &dzLILR2NISR ANNIRAFGAZ2Y FIFOAtAGE AY
Variety: Bhagwac known for its deep red color, superior taste, high antioxidant content, and long shelf life (u
to 60 days under trial conditions).

SignificanceThe successful shipment opens new opportunities for Indian farmers to access premium
international markets sustainably through sea freight.

=4

About Agricultural and Processed Food Products Export Development Auth¢AREDA):
www.insightsonindia.com 45 InsightsIAS



http://www.insightsonindia.com/
https://www.downtoearth.org.in/agriculture/india-must-act-against-chlorpyrifos-pesticide-ahead-of-global-chemical-summits-in-geneva-experts-urge
https://chemicals.gov.in/rotterdam-convention
https://www.unido.org/our-focus-safeguarding-environment-implementation-multilateral-environmental-agreements/stockholm-convention
https://www.insightsonindia.com/2025/04/19/the-first-commercial-sea-shipment-of-indian-bhagwa-pomegranates/
https://www.insightsonindia.com/2025/02/18/agricultural-and-processed-food-products-export-development-authority-apeda-2/
https://apeda.gov.in/about-us

What it is: The Agricultural and Processed Food Products Export Development Authority (APEDA) is a statu
body promoting agricultural exports.

1 HeadquartersNew Delhi, India.

1 EstablishediUnder the APEDA Act of 1985; operational from 13th February 1986.

f Ministry: Operates under the Ministry of Commerce and Industry, Government of India.
Major Functions:

1 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 prelearance programs and facilitating international market access.
Conducting surveys, training, and publishing trade statistics.
Promoting expororiented production and sustainability in agricultural exports.

= =4 =4 -4 -4

15.Nano Sulphur
Context: TERI scientists have developed nano sulphur that significantly boosts mustard yielgtb9630

2FFSNRAYI | GAlLofS azftdziazy (G2 LYRAIFIQA OKNRBYAO f 37

About Nano Sulphur
What is Nano Sulphur?

1 Anano-formulation of sulphurapplied via foliar spray to improve nutrient uptake and crop yield.

T It usesplant-growth promoting bacteriafor ecofriendly, enzymedriven nutrient delivery.
Developed byThe Energy and Resources Institui&R)l.
Key Features:
Enhances yieldBoosts mustard production by §80% (up to 3.7 tonnes/ha).
Increases oil contentRaises oil content by 280%.
Replaces 50%aditional sulphur. Cuts input cost and dependency on bulky sulphur fertilisers.
Efficient absorption:90¢100% availability through foliar application vs¢18% in conventional forms.
Non-leaching:Prevents nutrient loss in sandy or compact soils.
Significance:
EconomicgainCl NY SN&E Ol y SI Ny dzlJ G2 MHZAnnklF ONB Ay
Soil health:Addressesulphur deficiency in 4445% ofindian soils especially in major oilseed
producing states (MP, Gujarat, Maharashtra, Andhra Pradesh).

= =4 =4 -4 =
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1 Sustainability:Completelygreen formulationwith biological agentsunlike chemicabased nano urea
or

1 Supports selsufficiency:Offers a sustainable alternative to GM crops like DMHvithout regulatory
hurdles.

SyllabusAwareness in the fields of IT, Space, Computers, roboticsieemmwlogy, biedechnology
and issues relating iR

16.ZooWIN Portal

Context: The Union Health Ministry recently launched the ZooWIN portal to monitor the availability ef anti
rabies and antsnake venom vaccines in real time.

About ZooWIN Portal:
1 ZooWIN ZoonosesWIN) is a digital portal to monitor stocks éfnti-Rabies Vaccine (AR¥hd Anti-
Snake Venom (AS\ross India.
1 It ensures better coordination among healthcare systems, especially in rural and underserved areas

Developed By:
1 The portal is developed by thdational Centre for Disease ContrMlCDClunder the Ministry of

Health and Family Welfare (MoHFW).
1 Itis technically supported by tHegnited Nations Development Programme (UNDP)
Aim of ZooWIN:
1 To strengthen therevention, control, and treatmenbf zoonotic diseases like rabies and snakebite.
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f To ensurgeal-time visibility of vaccine stock#r timely availability and distribution.

Key Features of ZooWIN:

1 RealTime TrackingEnables realime data on vaccine availability usiayIN andU-WIN architecture.

1 Health Facility LocatorHelps users locate the nearest health centre stocked with ARV or ASV.

1 Follow-Up TrackingTracks patients fopost-exposure prophylaxis (PER) ensure full treatment
adherence.

1 Integration with One Health ApproachSupports theNational Action Plan foSnakebiteEnvenoming
(NAPSE)argeting 50% reduction in deaths by 2030.

1 Public Helpline Servic&®perates helplind5400in pilot states for awareness and treatment guidance.

1 Pilot Rollout: The platform is being piloted iDelhi, Madhya Pradesh, Assam, Puducherry, and Andhra
Pradesh

17.World Pandemic Treaty
Context: After over three years of negotiationd/HO Member States finalised the draft World Pandemic
Treatyto boost global pandemic preparedness.

About World Pandemic Treaty

1 Whatitis?
o Alegally binding internationainstrument aimed at strengthening global response to future
pandemics.

1 Developed byNegotiated by théntergovernmental Negotiating Body (INBonstituted under WHO
in December 2021

1 Aim: To improvepandemic prevention, preparedness, and equitable responasing a One Health
approach involving human, animal, and environmental health.

1 Key Features:

Establishepathogen access and benefiharing systems

Strengthengylobal supply chainand logistics for health emergencies.

Promotestechnology and knowledge transfdor vaccines, diagnostics, and therapeutics.

Mobilisesskilled global health workforceand supportgyeographically balanced R&D

capacities

o Respectsational sovereigntyt doesnot allow WHO to mandate lockdowns, travel bans, or
vaccines

O O o o

About the World Health OrganizatiofWHO):
1 Established in1948 as aspecialized agency of the United Natiofscusing on international public
health.
1 HeadquartersBased irfGeneva, Switzerland
Core Objectives:
1 Promoteuniversal health coverage
1 Combatdisease outbreaksensurehealth security and advanceublic welkbeing.
1 Support countries ipolicy development emergency preparedness, and health system strengthening.
Governance Structure:
1 World Health Assembly (WHAMHighest decisioimaking body; meets annually.
1 Secretariat9 ESOdzii Sa 21! Qa RBiedokGehetay & dzy RSNJ (G KS
1 Regional OfficesSix regional offices coordinate implementation (e.g., Sdtakt Asia, Africa).
Funding Mechanism:
1 Assessed contributiondvlandatory membership dues.
1 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 effectivd&ddd antiviral agent
against cucumber mosaic virus (CMV), offering strong defence for crops.

About Cucumber Mosaic Viru€CMV):
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1 WhatltIs:CMV is a widespread and devastating plant virus affecting over 1,200 plant species including
food and medicinal crops.

1 Caused ByTransmitted primarily by sapucking aphids; nearly 90 species of aphids can spread CMV.

1 Impact on PlantsCauses mosaic discoloration, stunted growth, malformed fruits, and severe yield logs
(up to 70% in cucurbits).

1 India and CMVIn India, CMV causes @8% 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 dgtrialeded 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 doutieanded RNA. The plant detects this as a
danger signal.
o Special enzymes called Didifie enzymes then cut the dsRNA into small pieces called siRNA.
o ¢KSAS adAwb!ad KStLI 6KS LIyl ARSyGATe |yR

pul;
(V)

Types oRNABased Protection:
HostInduced Gene Silencin@iIGS):
1 Plants are genetically modified to produce vispecific dsSRNA internally.
1 Offers continuous, lifelong protection but faces regulatory hurdles and hicrests.
Spraylnduced Gene Silencin@IGS):
1 External application of dsRNA sprays without genetic modification.
1 More flexible, environmenfriendly, and coskffective.
RNA Silencing Counters CMV:
9 { OASy (A & (efiectiRRUSRNE y SRNIOKSR gAGK LRGSYd aiwb! dF N
1 Enhanced immunity led to 80% lower viral loads and +oeanplete protection in lab experiments.
Significance:
1 Precision targeting of virus genomes prevents viral mutation and resistance.
1 Broader application potential for other viral, fungal, and bacterial plant pathogens.
1 Paves way for ecyiendly, GMGfree crop protection technologies.

19.Vibe Coding
Context:¢ KS GSN)XY a@A06S 02 RA YEIACEbuRdErSHOWCRIRI el Al tadisican wiiteF | S N.
code based on intuitive user prompts, removing the need for deep technical involvement.

About Vibe Coding:
1 What isVibe Codin@
o Acasual, intuitionrdriven methodof coding where usergrompt Al toolsto generate code
instead of writing it manually.
o Itemphasizest T S St Ay 3 ovérKuSctuged @rdgr@niming logic, making it ideal for fow
risk, creative, or personal projects.
1 How Does It Work?
o Users provideext-based promptsdescribing the functionality they want (e.g., building a
simple app, game, or website).
o Al 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 log
1 Key Characteristics:
o Promptbased developmentather than logiebased structuring.
o Limited understanding défficiency, security, or performancef the output code.
o High reliance ol\l-generated responsefor debuggingand problemsolving.
o Ofteninvolvedrialand error2 NJ ¢ OOSLJG | ff ¢ OKFy3ISa ¢AdK?2|dzi
1 Significance of Vibe Coding:
o Makescoding accessible to beginnewathout technical background.

C.
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https://aws.amazon.com/what-is/debugging/#:~:text=Debugging%20is%20the%20process%20of,determine%20why%20any%20errors%20occurred.

Encouragesxperimentation and creativityin tech-based personal projects.
Enables developers tmutomate minor tasks focusing on complex issues.
Useful forprototyping, smallutilities, or weekend coding hacks.

Sparks interest in programming amongn-traditional learners

O O o o

20.3D Printing
ContextWI LJ yQa 2Sad WFLIYy wlkAf gl &3Dpehtédidnirysiatiodzy ArifiacityS R
The new Hatsushima station was built in under six hours, showcasing eettgggconstruction innovation.

About 3D Printing:
1 What is3D Printin@®
o 3D Printingor Additive Manufacturinds a technique of creating thregimensional objects by
layering materials based ondigital model
o Unlike traditional manufacturing (subtractive)ailds material layer by layemreducing waste
and allowing intricate designs.
How 3D Printing Work®
1 Design:The process begins with a 3D digital model created using CAD software, saved in formats lik
STL or .OBJ.
1 Slicing Slicing software divides the digital model into hundreds or thousands of horizontal layers.
1 Printing: The 3D printer deposits material layer by layer, following the sliced instructions. Each layer
solidifies quickly, gradually forming the final object.
1 PostProcessingOnce printing is complete, the object undergoes finishing like curing, sanding, or
painting.
1 Types of 3D Printing Technologies:
o FusedDeposition Modelling (FDM)This method extrudes melted thermoplastic filaments
layer by layer to build the object.
o Selective Laser Sintering (SL93es lasers to fuse powdered materials (plastics, metals) into
solid structures.
o Direct Metal Laser Sintering (DML®) laser fuses metal powders layiey-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.
f 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 ConstraintsPrinters have limited build volumes; large items need to be printed in parts.
These parts then require assembly, which increases complexity.
o Structural Weaknesd ayerby-layer bonding may lead to delamination or weak joints under
stress. This limits usage for headyty or highpressure applications.
o Intellectual PropertylssuesEasily shareable digital designs increase the risk of counterfeit
products.

21.Vehicleto-Grid (V2G) Technology

Context:TheKerala State Electricity BoafidSEB) and IIT Bombay have launched a pilot project to explore
Vehicleto-DNA R 60+xHD0 (SOKy2f23&8x FAYAYy3 G2 Ay{iSaNIGS
enhanced renewable energy management.

About Vehicleto-Grid (V2G) Technology
1 Whatis V2G Technology?
o Definition: V2G (Vehicko-Grid) is a system where Electric Vehicles (EVs) communicate with
the power grid to return stored energy, enabling tway electricity flow.
o Developed byThe concept was first proposed in the late 1990s by Dr. Willett Kempton and
researchers at the University of Delaware.
1 How does V2G Work?
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22.Technology and Innovation Report 2025
Context:India has been ranked 10th globally in private Al investments and 36th in readiness for frontier
technologies, as per theNCTAOD echnology and Innovation Report 2025.

About Technology and Innovation Report 2025

o Grid to Vehicle (G2VEVs charge from the grid when electricity demand is low or renewable
generation is high.

o Vehicle to Grid (V2G)Vhen parked and connecte&Vscan discharge power back to the grid
during peak demand hours throughirectional chargers.

o Smart Chargingutilizes Timeof-Use (ToU) pricing to optimize charging during renewable
energy surplus times and discharging during grid shortages.

1 Significance of V2G Technology

o Grid Stability:Supports grid balance by acting as distributed energy storage, especially during
renewable energy fluctuations.

o BoostsRenewable Energyse:Stores surplus solar and wind power for nighttime or cloudy
periods.

o Enerqgy ResiliencdEVs can serve as emergency power sources during disasters.

o Economic Incentive€EV owners can earn by supplying electricity back to the grid, seen in
models across Europe and the U.S.

o Decarbonization Pushielps India align with its netero carbon emission target by 2070 by
reducing reliance on fossil fuels for electricity needs.

| 0 2 dzii ReyfoRianc®id the Report:

1 Whatis It?

o TheTechnology and Innovation Report 2025a global analytical report that evaluates how
countries are prepared for and investingfiontier technologies including Al, robotics, 10T,
and biotechnology.

1 Published byJUNCTAIZ United Nations Conference on Trade and Development
1 Aim of theReport:

o To assess national readiness for adopfirmgtier and emerging technologies

o To provide policy insights famclusive techdriven development

o To trackprivate investments, R&D, and innovation capabiliti@sross countries.

1 Global Ranking i\l Investment (2023):
o India rankslOth worldwide in privateAtrtificial Intelligence investments
o Receivedl.4 billionin Al funding in 2023.
o Only developing countries with significant Al investmehtdia and China
Frontier Technologies Readiness Index (2024):
o India ranks36th out of 170 countriesimproving from48th in 2022
o Reflects progress in policy support, human capital, and industrial capacity.
1 Componentwise Rankings:
o ICT AccesRank 99
Skills DevelopmentRank 113
R&D Activity Rank 3 (Global top performer)
Industrial CapacityRank 10
Access to Financd&kank 70
1 Al Research & Innovation Strengtindia listed among countries wititrong Al scientific output
alongside China, Germany, UK, and the US.
9 LYRAI Q& ¢SOKy2ft23A0Ff {GNBYy3IdK ! NBFay
o India showsspecialisation imanotechnology per patent share analysis.
o Listed among outperforming developing economies Bkazil and Philippinef digital
readiness.

(0]
(0]
(0]
(0]
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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 nexgeneration particle collider by CERN to replace the existidgZHC. Envisioned
as a 9kilometre underground circular tunnel designed for higiergy proton and heavy ion collisions.
Proposedby/ 9 wb 09 dzNRLISIY hNAHIYATFGA2Yy F2NJ bdzOft SI NJ w$
institute.

Location:
1 Will span the Frencswiss border, including areas beneath Lake Geneva.
1 Planned at a depth of around 200 metres, with a tunnel diameter of 5 metres.
Need and Aim:
1 Enhance precision in exploring known physics, especially the Higgs boson.
1 Unlock deeper insights into dark matter, supersymmetry, and the early universe.
1 Achieve 10 times more energy than the LHC, enabling discovery of heavier particles.

Key Features:
0 Phased Development:

1. Phase | (2040s):ocus on precision studies of Standard Model particles.

2. Phase Il (2070Highenergy proton and heavy ion collisions to explore unknown physics.
o Scientific Potential Aims to unlock breakthroughs in quantum field theory, vacuum dynamics, and subatom
structures.
o Technological Advancement&xpected 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
2028, estimated at 14 billion Swiss Francs.
o Strategic VisionCA Yy I f AT SR F FGSNJ S@Ltdz2d GAy3d mnnb RSaAdIy a
fundamental physics research.

24.STELLAR Model
Context: The Central Electricity Authorit€EAlaunchedSTELLAR LY RA L Q& FANRG Fdz f @
adequacy model, aimed at optimizing electricity generation, transmission, and storage planning across state

About STELLAR Model
1 Whatitis?

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

1 Developed byCentral Electricity Authority (CEA) in collaboration wi
The Lantau Group (TLG) and supported byAkian Development

Bank(ADB).

1 Aim: To help states and power distribution companies (Discoms)
prepare annual dynamic resource adequacy plans, ensuring eyt
uninterrupted power supply and systemide efficiency. N EAMCT o Rl

CENTRAL ELECTRICITY AUTHORITY

Key Features of STELLAR:
o Chronological Power System Modellin§imulates reatime power system operations with
load flow, ramp rates, and unit constraints.
o Integrated PlanningSimultaneously models generation, transmission, storage expansion, and
demandside response till FY 2035.
o Endogenous Demand Responggonsiders consumer flexibility in electricity use, optimizing
overall load and cost.
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o Ancillary Service®ptimization: Ensures grid stability by factoring in services like frequency
control and reserves.

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

Significance:

o Zero Load Sheddindgsssures uninterrupted electricity supply with rigsized capacity.

o CostEfficient Power SystemEnables leastost planning while incorporating storage and
renewable integration.

o Strategic Storage Planningfelps determine ideal storage size and placement, vital for
renewable energy growth.

o PolicyTechnology Synergysupports the 2023 Resource Adequacy Guidelines, aligning state
planning with national goals.

o Atmanirbhar Bharat in Energy Tectv SLINS A Sy G4 LY RALF Q& GhdJ o0Af|Ad
energy simulation tools indigenously.

25.Thoriumbased Small Modular Reactor
Contexta K N} a KG NI aA 3y S ROIATON jgintly develbpka thardmbasad-Small
Modular Reactor (SMR) a firstof-its-kind initiative by an Indian state in nuclear energy.

About ThoriumBasedSmall Modular Reactor S Sm;ll Modular Large-Scale
(SMR): 1MW - 20 MW eactor Reactor
.. 20 MW - 300 MW 300 MW - 1,000+ MW
1 Whatis it? —

o ASmall Modular Reactor (SMRJ a ‘;(’?} 4 o
compact, scalable nuclear reactor w -
designed for safe, efficient, and ’ V
flexible power generation. » <

o Thoriumbased SMRs utilise
Thorium232, a fertile material, to
generateUranium-233fuel through
transmutation.

7 Institutions Involved:MAHAGENCO (Maharashtra State Power Generation Company Ltd) and
wh{! ¢ha owdzaairlQa {GFraGdS 1'G2YAO 9ySNH& /[ 2NLI2NJ iG7

Key Features of ThoriuBased Small Modular Reactor (SMR):

o Fuel Type: ThoriumH 0 H Ur&hium233; Uses thorium, which converts into Uranit233
through nuclear reaction for clean energy.

o Modular DesignSMRs are built in small units, allowing phased and-efisttive deployment.

o Compact SizeSuitable for remote and smaller regions due to its small footprint and setup
ease.

o Passive Safety SystemiBesigned to shut down automatically in emergencies, reducing
accident risks.

o Regqgulatory Compliance=ollows Indian nuclear safety norms under AERB and Central
guidelines.

Significance:

o Thorium Abundancel Y RA I Kl a wpz 2F ¢g2NI RQ&a K2 N dzy[z
offering energy independence.

o Enerqgy SecurityReduces dependency on imported uranium and enhancestknng fuel
security.

o EcoFriendly Option:Produces less nuclear waste compared to conventional uranium reactors,

o Decentralised Clean Powe€an provide electricity to offrid or underserved areas in a clean
and reliable way.

o StatelLevel InnovationMaharashtra becomes the first state to enter nuclear space,
AdzLILR NI AY3A Wal 1S AY LYRAIFIQO®
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Limitations:

o No Operational Reactor YeThoriumbased SMRs are still in testing phase with no active
deployment worldwide.

o Needs Central ApprovaNuclear energh & dzy RSNJ / SY NIt R2YIFAYT
independently.

o High Setup CosBuilding reactors and safety infrastructure needs large investment and time.

o Weak Fuel Cycle Infrdndia lacks full reprocessing systems for thorium; tech is still under
development.

o Public Fear of Nucleafafety concerns and nuclear accidents in the past may affect public
acceptance.

26.CSIRMMT (Institute of Minerals and Materials Technology)

ContextCSIRRaa¢ &aA3IYySR (G662 W2AYy(d 5SOtINIGA2Yya 2F LydS

to collaborate on critical mineral processing and sustainable resource development.

About CSIRMMT (Institute of Minerals and Material§ echnology):
What it is:
1 CSIRMMT (Institute of Minerals and Materials Technology) is a premier resear
institute under theCouncil of Scientific and Industrial Resedf€BIR), New Delhi.
1 It specializes in mineral and material resource engineering and sustainable
resource development. I/M /I/I T
Founded on13 April 1964 (as Regional Research Laboratory, Bhubaneswar)
Renamed CSIRMMT in 2007 to align with a renewed focus on advanced mineral processing research.
Headquartersl ocated irBhubanesway Odisha, India.
Objectives:
9 To develop innovative, sustainable mineral and material processing technologies.
9 To support industries in achieving zesaste mining and promoting resource efficiency.
9 To ensure the socieconomic benefits of mineral exploitation while protecting the environment.
Functions:
1 Conductdasic and applied researdh mining, minerals, metallurgy, and material sciences.
1 Providesonsultancy serviceandtechnology transferto industries through Publirivate
PartnershipsRPP.

9 Focuses owritical mineral technologiesadvanced material processin@ndzero-waste mining
practices

Significance of Recent Pact:

7 { iNBY 3K Exftidal Mingr® EdoQsierd NA G A OFf F2NJ LYRAIFIQa ! GYl
Bharat visions.

1 Enhances Technological Capabilifgint research in process metallurgy and sustainable resource
YIEYEFEASYSYyld 6AGK wdzdaAil QdF LINBYASNI AyadaAaiddziSao

1 Promotes Global CollaboratiorPositions India as a key player in critical mineral technology
innovations at the global level.

1 Supports Green TransitiorBustainable 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 |
for minimally invasive glaucoma surgery.

About Microscope
T WhatltlIs?
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o Amicroscopes an instrument used to magnify small objects, enabling visualization beyond th
yI1SR S&eSqQa ftAYAGO®

f Science Working Principle:

o Operates byefraction, diffraction, or digital imagingof light or electrons to magnify samples.

o Lenses or sensors focus light or electrons to create an enlarged image of tiny structures.
1 Types:

o OpticalMicroscope Uses visible light and glass lenses.

o Electron MicroscopeUses beams of electrons (e.g., TEM, SEM).

o Digital MicroscopeCaptures and displays digital images.

o 3D MicroscopeProvides threedimensional visualization across different depths.

About 3D Microscope
What It Is?

A 3D digital microscope
captures multiple focal

DIFFERENCE BETWEEN OPTICAL MICROSCOPE

planes, creating a three AND 3D MICROSCOPE: yy

. . . . INSIGHTSIAS
dimensional, highresolution —
image of the sample. Feature Optical Microscope 3D Microscope
How It WOI’kS: Technology Single focal plane imaging Multiple focal plane scanning
Utilizesspecial 3D

pOIarisation glasseand a Image Type 2D magnified images 3D reconstructed images
55-inch 4K UltraHD display

Depth of Field Limited Wide and dynamic
Scans several focal layers tc

reconstruct a detailed,
spatial 3D model.

Enhanced with digital

Resolution Limited by wavelength of light :
processing

Reduces light exposure Hl e i Higher due to intense lighting o e e e 9Nt
needs, thus minimizing

phOtO-FOXiCity during Usage Basic research, education Advancediil.érl?set;iieez, B
surgeries.

Features:

Enhanced precisionmproved visibility across tissue layers.

Lower complication ratesReduces surgical errors and operating time.
Surgeon satisfactiontigh comfort during complex or uncommon procedures.
Ecofriendly: Less power usage and lower patient phaxposure risks.

28. National Industrial Corridor Development Corporation (NICDC)
Context: The National Industrial Corridor Development Corporation (NICDC) was honoured witbythg
Vikas Awardor its outstanding contribution to developing Greenfield Industrial Smart Cities.

About National Industrial Corridor Development CorporatigiNICDC):
9 WhatitissbL/ 5/ A& LYRAIFIQ& LINBYASNI 3208SNYYSyild o02Re
industrial corridors and smart cities to boost manufacturing and logistics.
1 Established in2007, initially under the DelliMumbai Industrial Corridor Development Corporation
(DMICDC) and later expanded as NICDC.
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1 Ministry: Ministry of Commerce and Industry, Government of India.

1 Objectives - T
o Develop futuristic industrial cities integrated with smart l‘t"
technologies. !..
o Create globally competitive manufacturing hubs. .h [

o Foster industrial investments, innovation, and regional economic | LlJ

growth.
o {dzLJL2NII LYRAIFQ&a @Araizy 2F 06S02Y
1 FEunctions
o Develop and managedustrial corridordike DelhiMumbai Industrial
Corridor, ChennaBengaluru Industrial Corridor, Amritsiolkata N I C D C
Indust_rial Cgrridor and BengaIu_Mumbai Industri_aI_Corric_ic_Jr. MATIONAL INDUSTRIAL CORRIDOR
o Coordinate infrastructure planningtransport, logistics, utilities, and  peyeiormenT corroraTION
ITt across sectors. ludia Beim ag.-'v. 24
o Implement multimodal connectivity to enhance access and reduce
logistics costs.
o Facilitatepublicprivate partnershipg¢PPP) for faster project execution.
o Act as a catalyst for employment generation and s@gonomic development

3t 20

t

20./ KI {¢9 6/ KFYRNI Q& { dzNFI OS ¢KSN¥Y2LKeaAOlf 9ELI
Context:ChaSTE became tfiest instrument ever to successfully penetrate and measure temperature
beneath the surface of any celestial bolly LINE A RAYy 3 @t fdzZ- 6t S GKSNXIFE REGLF
the Chandrayaa#8 mission.

1 02dzi / KF{¢9 o6/ KIFYRNI Q& {dzNFIOS ¢KSN¥2LK&aAOlIt dEL
1 What isChaSTE
o Anindigenous thermal probenboard Chandrayaao (¥&ram lander.
o Developed byhysical Research Laboratory (PRL), AhmedabatiSpace Physics Laboratory
(SPL), VSSC, Trivandrum
o It performsin-situ measurement of temperature and thermal conductivigf lunar soil.

1 How Does It Work?
o Rotary deployment mechanisrpushes a probe with
10 sensorsnto the lunar surface.
o Measures temperature variations atcm intervals
up to 10 cm depth
o Usesmotor torque and resistance feedbadio
determine penetration depth.
o Operated fromAugust 23 to September 2, 2028n
az22yQa azdzik L}t So
1 Aim of ChaSTE:
o Determinevertical temperature gradienon the Moon.
o Assesshermophysical propertieof lunar regolithat highlatitude regions.
o Support detection ofvater ice and subsurface composition
1 Key Features:
o Firstof-its-kind rotary-based deploymen{unlike hammering used by earlier failed missions).
o First mission tesuccessfully deploy thermal proben another celestial body.
o Provides crucial data fduture lunar missionsandSR@a ! NI SYA & O2f f | 02 NI I
o Helps assessuitability of lunar polar regiondor potential human settlement.
{ Timeline & Background:
o Flight model readyin 2017 (for Chandraya&® later adapted for Chandraya).
o PartofL { wh Q& / K3, IguRcNddlaly 14,y2023landedAugust 23, 2023
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30. Project Kuiper: Satellitdnternet Constellation
Context:Amazon launched the first 27 satellites of Project Kuiper via the Atlas V rocket from Cape Canaveral,
USA.
About Project Kuiper
1 Whatisit?
o A satellitebased broadband initiative by Amazon to provide kégleed internet globally via
Low Earth Orbi(LEO) satellites.
1 Organisation InvolvedAmazon
1 Key Features:
o Global Satellite Network3,232 satellitesn low orbit (630 km) fofast, lowlatency
internet worldwide
o Speed Options for All Need$00 Mbps(homes) 400 Mbps(schools/hospitals), antl
Gbps(governments/large orgs)

o Life-Changing Connectivity:
Powerseducation (elearning), c‘"
healthcare (telemedicine), businesses AP~ ‘
& emergency servicéa unreachable c;:;:;,’,;‘;;;n“;
zones outing

1 Other Global SatelliteBased Internet S -
Networks

o Starlink(SpaceX)Over 6,000 satellites
launched; aims for 40,000+.

o OneWeb:648 satellites planned e —_ N
(UK/India collaboration). grelite T e’ B4 S8 T e [ salite

o Telesat Lightspeed?98 satellites by Ciisonis vxln

Canada.
o [ KAY Il Qa 13 0®wshtglliy under planning.
About Satellitelnternet Constellation:
1 What is aSatellite-Internet Constellatior?
o A satellite constellation is a group of satellites working in coordination to provide seamless
internet coverage worldwide.
1 How Satellite Internet Works?
o Satellites in OrbitHundreds of small satellites fly iimw Earth Orbit (LEO, 560000 km up)
moving in sync to cover the globe.
o Ground StationsEarthbased stations send and receive signals between users and satellites.
o Satellite LinksSatellites talk to each other usitagers or radio waves (intesatellite links)for
seamless data transfer.
o Smart Data RoutingAl manages traffic, choosing the fastest path to avoid delays.
1 Key Features
o Low Latency (2810 ms):Much faster than old geostationary satellites (600+ ms), good for
video calls and gaming.
o Global Coverageiorks in remote areas like deserts, oceans, and mountains.
o Backup Connectiondf one satellite fails, others take over, reducing outages.
f Technical Details:
o Frequency Bands:
A Kaband¢ Fast speeds but weak in rain.
A Kubandc Balanced speed and reliability.
A Gbandc Slower but works in bad weather.
A V-band (Experimental}; Superfast but easily blocked.
o Adaptive Coding & Modulation (ACM) Adjusts signal strength based on weather conditions.
{ Limitations:
o Expensivelaunching satellites is costly, and user dishes are pricier than regular broadband.
o Weather ProblemsHeavy rain or storms can weaken signals (especially-Baid).
o Space Junk Riskhousands 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 AgenEyA will launch the Biomass satellite mission in end of April, 2025,
aboard the Vega C rocket.

About Biomass Satellite Missian
1 Whatis the Biomass Mission?
o . A2Yl aasevwahEarih ExQlarer satellitanissionunder 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.
f Organisation Involved:
o TheEuropean Space Agency (E$%)ds the mission,
with collaboration fronresearchers across Europe
o The launch will take place froRrench Guianasing
VegaG 9{! Qa &l aGSttAdGS I dz
1 Aim of the Mission:
o Toquantify forest biomass and carbon conterfitom
space using radar.
o To generateaccurate 3D modelsf forest structures and track changes in biomass over time.
1 Key Features of Biomass Mission
o P-band SAR Technologyirst satellite to us®-band Synthetic Aperture Radawvith 70 cm
wavelength for deep forest penetration.
o l12-metre Radar AntennaA large deployable antenna will scan forest canopies and ground
biomass structures.
o Carbon Flow MonitoringTrackscarbon absorption and releasemproving understanding of
climate feedback loops.
o Global CoverageCoverdropical and boreal forestand monitorsice sheet movement and
terrain models
o SunSynchronous OrbitOperates ab66 km altitude ensuring consistent lighting conditions
for measurements.
What is the Earth Explorer Programme?
LG A &eselréhdrigea satellite serieRSaA Iy SR (2 SELI 2NB 9F NIKQ& Reyl Y
1 The first spacecraft the gravity field and steaisite Ocean Circulation Explo@OCE) missiaiook
off in 2009 and worked till 2013.
1 The most recent one was the Earth Cloud Aerosol and Radiation ExlardtCARE) missipwhich
was launched in May 2024

32. Saturn and the Discovery of Its New Moons
Context:! aiNRPYy2YSNA KI @S RAaAO2FSNBR mMHy ySg Y22ya 2NDA
moon count to 274 the highest for any planet in the solar system.

About Saturn and the Discovery of Its New Moons:
What is the Discovery?

0 A team of astronomers identified 128 new moons around Saturn usmg th
CanadaFrancel | g AA ¢Sf Sa021LJS gAGK (KS
o0 These moons are officially recognized by the International Astronomical
Union (IAU).

{ I 0dzNyy Q& az22y [ 2dzyiuyY
2 2A0K 00KA&a flradSad RAaAO2OSNEI {lFGdNYy y2¢ KIFIA HTr C
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.
o0 Many may have formed due to violent impacts or gravitational capture during early solar system turbulence.

Significance of the Discovery:
2 WSAYTF2NOSa {lddzNyQa NRtS a GKS daz22y YAy3de 21
0 Sheds light on the chaotic early evolution of the solar system.

0 Aids research on planetary formation, orbital dynamics, and ring systems.
o Could refine the definition of whajualifies as a moon.

o Offers potential leads into the origin of irregular satellite systems.

3Bb! {1 [/ dINA2aAleé w2OSNI 5A83020SNAR bS¢é 9FARSYO
Contextb! {1 Q& / dzNA2aAGe& NROSNI K4 RAAO0O2OSNBR aARSNR
GKS LI IFySiQa 4 NYSNE ¢6SGGSNE YR Y2NB KFoAGlrof S

*_a =

About NASA Curiosity Rové&rA 8 02 JSNB b S ¢
Warm and Wet Past:
1 What is Curiosity Rover? »
o Curiosity Roveh & b ! {slzeéd #obobd NJ
rover launched in 2011 under thdars Science
Laboratorymission to explore Gale Crater on
Mars.
o Lia LINARYINEB 3I21f Aa
geology, and assess whether Mars ever had condltlons suitable for mlcroblal Ilfe
Missiontb | { M&fScience LaboratoCuriosity Rover).
Launch November 26, 2011.
Landing August 6, 2012.
Key Place in News:
o Curiosity exploredale Cratera 154km 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 DiscoverysSiderite Mineral
o Siderite(iron carbonate) detected in sedimentary rocks.
o Indicates Mars had dense, carbon dioxideich atmospherebillions of years ago, essential for
liquid water stability.
o {dzZLILI2NIia (KS KéLrRiGKS&aAa GKIFIG OFNb2y RAZEA
atmospheric thinning.
1 Significance of Discovery:
o 9ELX FAya GKS LINBGA2dzate YAaaairy3a tAy]l o0Sis
of widespread carbonate mineral evidence.
o Highlights ambalanced ancient carbon cycey al N&BX O2y GNI adAy3a 9|l
maintained by plate tectonics.
o Offers a major clue toward understandingr N&E Q Sy @A NP yavdcyriert steril® 2 £ f
conditions.

= =4 -4 =4

34.James Webb Space Telescope
Context: Scientists using the James Webb Space Telescope have detected possible biosignatiDiergrisels
Sulfide(DMS) and Dimethyl Disulfide (DMDS) in the atmosphere of exoplarE® K2suggesting a strong
potential for microbial life.
About Recent Discovery anfligns of Life on k28 b
71 DiscoveryResearchers detectddimethyl Sulfide (DMSandDimethyl Disulfide (DMDS) gases on
Earth typically produced by marine microorganism the atmosphere oK218 b

1 Significance:
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o These are thstrongest indicators yebf potential life outside the
solar system, representing a new eraotiiservational
astrobiology.

o The planet, categorized ahacean world(water-rich, hydrogen
dominated atmosphere), might harbonicrobial oceanic life

o Scientists caution that more observations are needed before
confirming extraterrestrial life.

About the James Webb Space Telescdgd&/ST)
1 Whatitis?

o TheJames Webb Spackelescopsés thelargest and most
advanced infrared space observatogyer built, designed to study the early universe, stars,
galaxies, and exoplanet atmospheres.

1 LaunchedDecember 25, 2021.

1 Developed byNASA, in collaboration withSAEuropean Space Agen@andCSACanadian Space
Agency).

1 Key Features:

o Size:Comparable to #éennis courtwith a 3-story height built to fold origamistyle to fit inside
a rocket.

o SunshieldA 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 throug
cosmic dust and the early universe.

o GoldCoated Mirrors:18 hexagonal mirrors coated with gold enhance infrared reflection for
clearer, deeper space imaging.

-

35. Water Bears and Axiom 4 Mission
Context:ISRO is set to send tardigrades (water bears) to the International Space Statiop as part of thd Axiofn
YAadaA2YZY YFENJAY3I LYRAFIQ&a FANRG KdzYly -SmalS NAYSy il |Ay

About Water Bears and\xiom¢ 4 Mission
1 About Axiom4 Mission:

o Whatitis:A 14day crewed mission to the
International Space Station (ISS) under the Axiom Sp@&
program, involving research in microgravity biology,
biotechnology, and sustainability.

o Organizations InvolvedJoint initiative by ISRO (India),
NASA (USA), and ESA (Europe), with astronaut Gro
Captain Shubhanshu Shukla representing India.

o Mission Obijectives:

A Explorélife science, space agricultur@andhuman physiological responses
A Assessnicrobial resilience muscle regeneration, and food growth in zero gravity.
A Contribute towardd y R &dg&hdiaan Missioand future longduration spaceflight.
About TardigradegWater Bears):
! What are Tardigrades?
o Micro-animals alsoknownas g | 1t SNbra SR BFE ¢ LA 3t S aé
o SizeBetween0.3 to 0.5 mm visible only under a microscope.
A Discovered iri773by German zoologistohann Goeze
1 Key Characteristics:

o Found in extreme habitats from polar ice caps to deep oceans

o Haveeight legs with clawssegmented bodies, and tough outer skin.

o Survive extreme conditiongacuum of space, radiation, dehydratigmndhigh/low
temperatures

o Enter acryptobiosis state(suspended animation) to survive harsh environments.

1 Importance of the Experiment:
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o Voyager Tardigrades Experiment will study:
A Revival and reproduction in microgravity.
A Gene expression differencdsetween spaceexposed and Earthound groups.
1  Why it matters:
o Helps uncovemolecular mechanisms of resilience
o Can informbiotech innovationsandastronaut protection strategies
0 Supportshio-preservationtechniques for longluration missions.

36.Dr. K. Kasturirangan
Context:t NAYS aAyAaidSNI 2F LYRAI O2yR2ft SR (GKS LI} aaiy3
and education sectors, who passed away at the age of 84.
About Dr. K. Kasturirangan
1 Who he was?
o Eminent astrophysicist and former Chairman of the Indian Space Research Organisation (ISK
o Served as Secretary to the Government of India and Member of Parliament (Rajya Sabha,
2003;09).
o Awarded Padma Shri, Padma Bhushan, and Padma Vibhushan for his contributions.
! Education:
o Specialized in highnergy Xray andgammaray astronomy.
o Held leadership roles in prestigious institutions including
National Institute of Advanced Studies and Karnataka
Knowledge Commission.
1 Field Associated WithSpace Science, Satellite Technology, Remc
Sensing, and Educational Reforms.
1 Contribution to India:
0 Space Sector:
A {LISIFNKSFRSR LYRAFIQ& @GN
operational satellite missions during 192003.
A Played a pivotal role in operationalizing PSLV@84V launcbehicles.

A | KFYLA2YSR LYRAIQa SYyiNR Ayidi2 O2FYSNOALI

transponders to INTELSAT in 1999.
o Thematic Missions Launched:

A Initiated key satellite missions like EDUSAT (education), INSAT/GSAT (telemedicine)
RESOURCESAT (earth resources), OCEANSAT (oceandpdph@B5ATartography),
Meghatropiques (climate studies), and ASTROSAT (space science).

A 1 2y0SLiidza t ATSR YR ydz2NIdzZNBR LHyRAIFI Q& TA

o Policy and Education:

A Chaired the committee that framed the National Education Policy 2020.

A 9YLIKFaAAT SR a{ LI OS T2NJ {20ASie¢ (GKNRdIdAK
System (NNRMS) for applied satellite benefits.

0o Legacy:
A ElevatedSRQo a fully operational national space agency.
A Ly &LJA NB R -agespaselepidratigrSaad educational reforms.

Syllabus: Defence Technology

37.Taurus Missiles

Context:Russia warned Germany that any Ukrainian strikes Usangus missilesvould be consideredirect
participation in the ongoing conflict.

About Taurus Missiles
What it is?TheTaurus KEP350is along-range, airlaunchedcruise missilecapable of precision strikes on
fortified and highvalue targets.
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Developed by:Jointly developed by thEuropean missile manufacturer MBDsd Saab Bofors Dynamics
(Germany and Sweden partnership).

Aim: Designed fodeep penetration strikesagainst heavily
fortified structures such as bunkers, bridges, and command
centres.

Key Features:
o Speed:Nearlyl,170 km/h close to the speed of

sound.

o RangeCan hit targets up t800 kilometres

o Navigation SystemsEquipped withfour independent navigation systemsncludingsatellite-
supported GPSresistant to jamming.

o Low Detectability:Flies at an altitude 5 meters making radar detection extremely difficult.

o Bunker PenetrationEngineered to penetratenultiple reinforced concrete layerbefore
warhead detonation, maximizing internal destruction.

o Stealth and Precisiortdigh survivability due to low radar cressction and extreme targeting

accuracy.

38.RafaleM Jets

Context: TheCabinet Committee on Securit¢CS) approved the procurement of 26 Rafale Marine (Risffale

2Sia FTNRY CNIyOS:I SyKIyOAy3

About RafaleM Jets
RafaleM is thecarrier-borne

z

L Y RA kPQciic tahbidwd G A YS &G

variant2 ¥ 51 aal dz i C L 1.912 [ WEAPONS
. - . : ’ ‘F-
4.5generation Rafale fighter jet, MEA" MA "'"E : “ iKMPg | aaadze
: s Besides nuclear capability, the Rafale-M ;. Maximum Spee f— “TO-
des'Qned specn‘lcally for naval possesses specialised avionics, sensors v :"'ggﬁém
i i i and communication equipment for
operations from aircraft carriers.  and communication equipmentfor 1,9"'00 > Motoo) (Ramjec:
with a variety of weapons systems Combat Radits powered, >100 km)
It offersmultirole capabilitiest 2 MICA Medhim=
. .. P . ELECTRONIC WARFARE range; infrared
air superiority, deep strike, &r?dar-)gulded
. WV L — t —
reconnaissance, nuclear SPECTRA il RBE2-AA ™
A Integrated Active i
deterrence, and antship electronic OPTRONICS Electronically
icgi countermeasures, Infrared Scanned Array  AIRATO-
missions. including radar search and (AESA) radar with IS‘:.IF:!E\’GE
Recent Agreement Between jamming, missile track for 200 km detection MISSILES
; _ warning, infrared passive target range for air
India and France: decoy systems detection targets » AM39 Exocet
Procurement:26 RafaleM jets o e
¢ 2 NI K coxnnn C )ﬁ. ‘i‘ .
governmentto—govern ment > » SCALP (Long-
deal. range cruise
> missile, >560 km)
»)"/‘/\\
Breakdown:22 singleseaters + “< gneclgou.
4 twin-seater trainers, includin UIDED
. ! 9 T MUNITIONS
weapons, SIIT]UlatOI'S, crew ; oa
training, and logistics support for CARRIER COMPATIBILITY ’
five years. » Folding wings » Microwave » Reinforced » Hammer
to optimise deck Landing airframe and (Navigation system-
storage System (MLS)-  landing gear for guided bombs with
Timeline:Deliveries to begin in » Anti-corrosion precision o f:;gg;‘;‘::s'“ed rocket booster)
ting f iti »P. Laser-
2029 and complete by 2031. AR RO aggistance arrested recovery guﬁgj\évg'y;‘gsz;ser
Compatibility: Will operate fromINS VikranE LY RALFF Qa FANRG AYRAISy2dza | A
Key Features of Rafalel Jet:
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1 Advanced WeaponsEquipped with Meteor aito-air missiles, SCALP cruise missiles (range 560 km),
and Exocet antship missiles.

1 Superior SensorRBE2AA AESA radar, Front Sector Optronics (FSO), and SPECTRA electronic war
suite for longrange detection and survivability.

1 CarrierAdapted DesignReinforced airframe, corrosion resistance, folding wings, and stronger
undercarriage for maritime conditions.

1 Multifunctionality: Capable of both aito-air and airto-ground missions during a single sortie; service
ceiling of 50,000 feet.

1 Data Fusion Capabilityntegrates information from sensors to present pilots with a consolidated
operational picture.

Competition:
1 Aagainst China:
o Shenyang-15:
A Primary 4.5generation carrieibased multirole fighter.

A Yy2éy | a (KS59Ge®tudrdntyth sgrviceé NJ ¢ T
1 Shenyang-11:
A 4th-generation air superiority fighters.
A 50 jets currently operational
71 Against Pakistan:
o Pakistan hago carrier and thus no naval fighter jets
o t I 1 Aa il shEL6 j;s@re fighter aircraft used by the Pakistan Air Force.

39.50 years of Aryabhata Satellite
Context:India is celebrating thB0th anniversaryof the launch ofAryabhatg its first indigenous satellite,

YENJAY3 | LIA@2GFE Y2YSyd Ay LYRAIFQa &LJ OS 22dNy $e&

About 50 years of Aryabhata Satellite:
1 What is Aryabhata?

o Aryabhatawas Y RA Q& FTANEG S$EMSS afthr e rgnipwned Sthéntiir@ £ £ A G
Indian mathematician and astronomer.

o It was built entirely by the Indian Space Research Organisa8&)

71 Launched ByAryabhata was launched on April 19, 1975, aboard a Soviet Keghoscket from
Kapustin Yar launch site in Russia.
{1 Historical Background:

o Atthe height of theCold War India lacked its own
launch capabilities and relied on strategic
partnerships.

o | NEFOKIGFQa O2yaiNyzOiaA:;
about 25 ISRO engineers working with limited
resources under the leadership of visionaries ke
Vikram SarabhaandProf. U.R. Rao

1 Key Features:
Shape:Quasispherical structure with 26 flat faces.
Dimensions:1.59 meters across and 1.19 meters in height.
Solar PanelsCovered 36,800 sg cm, generating 46 watts of power.
Scientific ObjectivesConducted experiments inpdy astronomy, solar physics, and
ionospheric studies.
o Operational Timelinel.ost communication after 5 days due to a power failure but remained in
orbit for several years.
{1 Significance:
o Pioneering Achievementa I NJ] SR LYRAIQa Sy iNER Ayid2z (GKS
o Learning PlatformProvided crucial experience in satellite technology, mission planning, and
systems integration.

O O o o

o Symbol of National Pridet NB I 6 KI G Qa AYIlF 3S &I a -ripéein@eNJ FS}|

celebrating its historic importance.
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o Foundation for Future Missiond?aved the way for landmark missions Ieandrayaan
Mangalyaan andAditya-L1

o |Inspirational Legacyw SY I Ay a | GSadlYSyd (2 LYRAIFIQ& NBa&j
space exploration.

40. Indigenous Stellite Nozzle Divergent for PSLV
Context:ISRO has successfully tested an indigenatedlite (KC20WN) alloy nozzle divergentforthg [ + Q a
fourth stage replacing imported Columbium (C103) and achieving a 90% cost reduction.

About Indigenous Stellite Nozzle Divergent for PSLV
1 Whatis a Divergent Nozzle?

o Thedivergent nozzlas the flared
section of a rocket engine that ,
accelerates exhaust gases to generate§jiy 1§
thrust.

o It experiencegxtreme thermal and
mechanical stressluring rocket
operation, often exceeding 1100°C.

1 Why is the Divergent Nozzle Important?

o It controls thrust direction and speed
crucial for stabilizing and guiding the rocket durlng ascent

o Material failure here can lead tmission-critical losses

1 Old Material UsedColumbium (C103)a rare, heatesistant metal, previously imported, was used in
t { [ + Q &stagendzidi K
1 New Material Developed:
o Stellite (KC20WNg cobalt-based alloyenriched with Chromium, Nickel, Tungsten, and Iron.
o Developed and tested indigenouslylaf wh Q& t NR LJzf 8A 2y ./ 2YLX SEI a
{1 Significance of Using Stellite:

o Selfreliance:Eliminates dependence on costly foreign imports.

o Cost EfflClencyAchlevesup to 90% cost savmgsompared to Columbiurbased nozzles.

o Strategic Autonomy{ G NBy 3G KSya LYRAFIQ& | SNRa&aLJ} OS &dz I
Bharat in space technology.

o Future MissionsPaves the way for indigenous components in launch vehicles, satellites, and
deepspace missions.

41. Gaurav Glide Bomb X

Context:DRDGsuccessfully conducted release trials of the iy y 3S 3t ARS 062 Y0 -WDI dzlNJ @
30MKI fighter jet.

About Gaurav Glide Bomb
1 Whatis it?

o WDI dzNJpréaBiongdided, longrange glide bomb
developed to strike land targets frostand-off
distances i.e., beyond enemy air defence range.

1 Developer & Design

o Developed bypRDGn collaboration with Armament Research and Development

EstablishmenfARDE)Research Centre Imaraandintegrated Test Range
1 Features & Capabilities

o Range30 km to 150 km (demonstrated close to 100 km).

o Weight Winged version (Gaurav) weigh®00 kg nonwinged variant (Gautham) weigh&0
kg.

o Navigation Usesnertial navigation systen(INS)with satellite guidanceanddigital control.

9 {AIAYAFAOIYOS F2NILYRAIFIQ& 5SF¥FSyo0S

o 9y KL y O Stand-aff'stGke éapabilities

o Reduces risk to fighter aircraft by keeping them out of enemy air defence range.
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o { i NB y 3 GdKS y a Lir}diéehduwwevelﬁ)édmﬁaﬁ ghyhitiohs/
o Aids inprecision targeting vital in modern warfare.

42.Saras Mk2 Aircraft
Context¢ KS FTANRG GSad ¥t A3KI03GSasad MKR girRadftliexpectedinDEanb& goRHza | &
marking a significant step in regional air connectivity and civilian aviation capabilities.

About Saras Mk2 Aircraft:

T What it is:Saras MKk2 is a i8eater, multipurpose | S w— w— F =
civilian aircraft designed to improve regional air trave Ly
across India, especially to ti@rand tier3 towns with 1
minimal airport infrastructure. & A ;

1 Developed byCSIRNational Aerospace Laboratories g%\‘l'
(CSIRNALD, under the Ministry of Science and ——
Technology, with manufacturing support from
Hindustan Aeronautics Limited (HAL)

1 Aim: To promoteindigenous civilian aircraft
manufacturing reduce import dependence, and
supportUDAN(Ude Desh ka Aam Naagriggheme for regional air connectivity.

1 Key Features of Saras Mk2:

o Upgraded VariantAn advancement over the original-séater Saras, first flown in 2004;
redesigned with improved aerodynamics and engine placement.

o Multi-utility Role: Can serve as@mmuter aircraft air ambulance or forcharter operations
in remote locations.

o Made in India ComponentsAvionics by Genesis, brake and environmental systems developed
in-house by CSHRIAL; composite wings producedfiouse.

o Twin Prototype PlanTwo aircraft will be built to fastrack certification and minimize
developmental delays.

o Digital & Modular Designtncorporates a CSIRAL-developed aircraft computer, enabling
future integration of automation and Alased upgrades.

{1 Significance of Saras Mk2:

o Boosts Regional AviatiorEnables air connectivity to underserved regions, aligning with
I2@PSNYyYSyiQa !5!b 3J21faod

o ReviveCivil AviationR&D:w S A Yy F2 NS a L yt&chnol6yi deva@gein dviligny | 3
aviation.

o Reduces Foreign Dependendeffers anindigenous alternativeto imported aircraft like the
Dornier or ATR.

o Costeffective Aviation:ldeal forshort-haul routes enhancing passenger volumes on{ow
demand sectors.

o DefenceCivil Synergytndian Air Force has shown interest in procuring 15 aircraft
strengthening civimilitary production integration.

43. Mk-lI(A) LaseDirected Energy Weapon (DEW) system

Context:India has successfully tested the indigenously develdgkdl(A) LaseDirected Energy Weapon
(DEW)ystem at Kurnool, Andhra Pradesh, becomingftheth nation with the capability to disable drones
and missiles usinigser technology.

About Mk-II(A) LaserDirected Energy Weapon (DEW) System
1 Whatitis A highpoweredlaserbased weapon systerthat uses directed energy to neutralize aerial
threats such as drones, missiles, and sensors.
1 Developed byCentre for High Energy Systems & Sciences (CHESS), a DRDO lab in Hyderabad, in
collaboration with otheDRDentities, industry, and academia.
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1 Purpose:Designed to offecosteffective, rapid —
response air defensagainst drones, surveillance '
systems, and potentially missiles with minimal collatens
damage.

How the LaseiDEW Works?

1 Detection Targets are tracked using radar or an inbuil
ElectroOptic (EO) system.

1 EngagementA focusedaser beam travels at the
speedoflighEt af A OAy3a (KNP dz3IK
disabling or destroying it througstructural failure. : :
Key Features :
Power Output:30-kilowatt lasert capable of targetindixed-wing UAVs angwarming drones
Speedinstantaneous engagement precision hit in seconds.

CostEffective:Firing cost few litres of petrol, significantly cheaper than conventional missiles.

Mobility: Vehiclemounted, adaptable for both land and future air/space platforms.

Significance:

Strategic EdgePlaces India alongside the US, China, and Russia in possessing advand#e\Maser

capabilities.

Low Collateral Damagéddeal for neutralizing threats without laregrale destruction.

1 Force Multiplier:9 y K I y O S dounteydPoielagdianissile defenseapacity in a costffective and
sustainable way.

1 Indigenization Boostw SA Yy ¥ 2 NOS & L y Rtimangbhar BidaratifkdeféndestdciNR &

S . =a —a —a —a _a

=

=

44.Dhruv ALH helicopters
ContextLY RAF Q&4 AYRAISy2dzA S5KNMz@ ! [ |1 KStAO02LIISNE NBA
grounded in January 2025 due to a fatal crash.

About Dhruv ALH helicoptets
1 WhatltIs?

o TheDhruv ALHs atwin-engine, multirole utility
helicopter, indigenously developed for both
military and civilian use.

1 Developed ByHindustan Aeronautics LimitetHAL and
RSAA3IYSR gAGK Faaradalyos
1 Objectives:

o Provide aversatile platformfor transport, combat
support, and rescue operations.

o 9 Yy KI y O SselfrefigRde in @dationand reduce import dependency.

o Cater tomulti-mission roledor all threearmed forces.

1 Key Features of Dhruv ALH:

o Glass cockpit with digital avionigsrovides pilots with reatime navigation and system
information for enhanced situational awareness.

o Composite airframe and rotor blades reduaeerall weight, improve fuel efficiency, and
enhance structural durability.

o Integrated selfprotection suiteincludes chaff dispensers, flare systems, and infrared
suppressors to counter enemy detection and missile threats.

o Electrooptical podwith forward-looking infrared, laser rangefinder, and health monitoring
system ensures mission capability and maintenance efficiency.

o Full Authority Digital Engine ContrdFADECANd digital moving map systems allow precision
engine management and advanced flight path planning.

1 Functions and Roles of Dhruv ALH:

o Troop transport and logistic suppomrcross forward and remote regions, enhancing force
mobility.

o Search and rescue operatiomiring combat andlisaster relief missiorf®r timely response.
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o Casualty evacuation and medical transpddr critically injured personnel under field
conditions.
o VIP and official commuter travebr highranking defence and government personnel.
o Rapid deployment of forces and underslung cargo transp@specially in highltitude or
combat zones.
1 Weapon Integration (Military Variant)Equipped witt20 mm turret gun 70 mm rockets andair-to-
air missilesfor combat missions and aerial engagement.

45.INSV Tarini & Navika Sagar Parikrama Il Expedition
Context:INSV Tarini has reached Cape Town, South Africa, marking the fourth and final stopover of the Na
Sagar Parikrama Il global circumnavigation expedition by two Indian Navy women officers.

About INSV Tarini:
What it is:INSV Tarini is a §6ot indigenouslybuilt 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 deepea navigation and lorduration expeditions.

0 Equipped with wind and solgowered navigation and onboard tech.
o Promotes Make in India and Aatmanirbhar Bharat in defense.

About Navika Sagar Parikrama Il Expedition:
What it is: A womenled global circumnavigation mission by Indian Navy
using INSV Tarini.
Launch DateOctober 2, 2024, flagged off by Admiral Dinesh K. Tripathi from Goa.
Aim:
1 To promote women empowerment in maritime forces.
9 {K26O0FaAy3d LYRAL Qainclosverexglotatof.y i (G2 3ISY RSNJ
71 Testing endurance, seamanship, and navigatiomss the globe.
Key Features:
o Covers 23,400 nautical miles (~43,300 km) over 8 months.

0 Route:Goa to Fremantle, then to Lyttelton, followed by Port Stanley, onward to Cape Town, and finally ba¢

to Goa.
Significance:
9 {NBy3iKSya LYRAIFIQa ylI@Ft RALX 2YF O
551

9 .22&ad0a 3Jt26lft NBO23ayAlA2Y 2F LYRA
1 Supports climateaesilient sailing and renewablgowered navigation.
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46.Project Varsha

Context:India is set to commission its first dedicated nuclear submarine bidSeyarshan Andhra Pradesh in
2026, as part of Project Varsha, and plans to operationalise its third nymesred submarine, INS
Aridhaman.

About Project Varsha
1 What is Project Varsha?

o Aclassified naval infrastructure projedaunched
by thelndian Navyto build INS Varshaa state
of-the-art nuclear submarine base

o Located neaRambilli about 50 km south of
Visakhapatnam idndhra Pradesh

o ToSYKIyOS LYRAIQ&a YI NA
the Bay of Bengal and Indian Ocean RedioR)( kg et s
o ! OGa a | O2dz GsBakmit f | YOS
expansion in the region.
1 Key Features:
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Underground submarine pens and tunndisr stealth deployment.
Capacity tadock up to 12 nuclear submarines
Provides protection from aerial surveillance and satellite detection.
Built nearBARC Atchutapurarenabling access to advanced nuclear infrastructure.
o Ensures rapid submarine access to key chokepoints like the Strait of Malacca.
91 Strategic Significance:
o / 2dzy 1 SNE Judé Raydl faditieRikdaribantota (Sri Lankagnd BNS Sheikh Hasina
(Bangladesh)
o 9YKIYyOSa L fthka cagabilitylne theuBlear triad
| 02dzi LYRAICINS AdkaindiR { { . b
1 Whatis INS Aridhaman?
o A7,000tonne nuclearpowered ballistic missile submarin¢SSBNynder theAdvanced
Technology Vessel (ATV) project
o Built by theShipbuilding Centre, Visakhapatngmith BARC and DRDO support.
1 Key Features:
Equipped to carrynore k4 SLBM¢$3,500 km range) than its predecessors.
More advanced thatNS Arihan@andINS Arighaaf Ly RA I Qa FANRG (62 {
t I NI 2 Ihdehwit® hucl€adideterrenceomponent.
Expected commissioning 2025 &4 G NSy 3 w&igaktyfad LY RA I Qa
Aims to operate undetected in deep seas duritejerrence patrols

O O o o

O O O 0O o

47.HANSA3 (NG) Trainer Aircraft
Context: CSIRNAL has signed its firsver technology transfer agreement with a private company (Pioneer
Clean Amps Pvt. Ltd.) to manufactit&NSA3 (NG) trainer aircraft.

About HANSA3 (NG) Trainer Aircraft: § - > ‘q
1 What is HANSS (NG): v & ”-‘m

o ltis anext-generation, two-seater, abinitio trainer
. : e &

aircraft developed for pilot training.

o Designed and developeddigenouslyby CSIR i?
National Aerospace Laboratories (NAh) L
Bengaluru. >

1 Aim & Purpose:

o To provide aosteffective alternativeto foreign
trainer aircratt.

o Totrain pilots for Private Pilot License (PPL) and Commercial Pilot License (CPL).

o Too22ail LYRALF Q& inhlBdwititheyydwiry Genardl toritrSineéd pilots.

1 Key Features:
Advanced Glass Cockfir digital display and enhanced situational awareness.
Rotax 912 iSc3 Sport Engigduel-efficient and digitally controlled.
Bubble Canopyor panoramic visibility and improved pilot comfort.
Electrically operated flapglightweight composite airframe.
Costs 2 crore nearly50% cheapethan imported equivalents.
o Electric variant (EHANSAunder development to support sustainable aviation.
About CSIRNational Aerospace Laboratorig®NAL):
1 Whatis NAL?
o LYRAIQa 2yt & ORA @ Adcasedyon dovamtRdadrdisga& scierch antl | 6
engineering.
{1 Establishment:
o Founded:1 June 1959 (as National Aeronautical Research Laboratory, renamed NAL in 1993).
o HeadquartersBengaluru, Karnataka.
o Governing BodyOperates unde€SIR (Council of Scientific & Industrial Researbihistry of
Science and Technology, Government of India.

1 Key Objectives:
o Todesign and develop indigenous aircraft and aerospace technologies

O O O O O
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o Tosupport national aerospacenissionsand collaborate with industry for commercialisation.
o To createaeronauticalcomponents, testing, simulation, and manufacturing systems

SyllabusAwareness in the fields of IT, Space, Computers, robotics;taeimeology, bieechnology
and issues relating to intellectual property rights

48. Q-Shield Platform

Context:QNu Labs, a quantwt‘fn SO K a a

{ KASEtRZ U0UKS ¢62NI RQa

I NI dldtiodzay Gusniim MigsRMOND),Jaunched Q
T Al Gryptogyaphy m&hagemshtt G F2 NY T2 NJ ||

About Q-Shield Platform
1 What is QShield?
o Q-Shieldis a comprehensive cryptography management platform designeeédare critical
infrastructure against future quantum threats.
71 Developed By:
o QNu Labsincubated at IIT Madras Research Park (2016)
o Supported by thédepartment of Science and Technology (D8ider the National Quantum
Mission
1 Objective:
o To empower enterprises with tools that ensure data privacy @yigbrsecurityacross cloud,
on-premises, and hybrid environments in a quantuesilient manner.
Key Features of €hield:
o QuantumSafe Security Tools:
o These are advanced tools that protect your data from being hacked, evempeypowerful
gquantum computers in the future.
A Armos:A system that sends supsecure secret keys, so no one can eavesdrop.
A Tropos:Creates truly random numbers, which are used to make passwords and
encryption much stronger.
A QHSMLike a digital safe box that stores your keys and keeps them secure.
A PQCStandard$: 4 Sa alLISOALIf SyYyONRLIIAZ2Y YSGK2Ra
able to break.
Helpful Services (Like Apps):
These are like apps or tools built inte Q
Shield to keep your files, chats, and systen

safe: L. chiis el T P, oAt

Qosmos Helps create safe digital keys (like
strong passwords). < 1 X =
QConnectMakes sure your messages or Q S h |e | d
data sent online are fully protected. - by Pl
QVersel ets teams work together securely
like sharing documents or chatting TR eemn) 5! e
privately. w5 T TGN .5 TOOO 15cn
QSFSA supersecure storage system to (L
keep files and share them safely.
QVault:A locker to keep and manage all LY cew @
your secret digital keys.
Easy to Use Anywhere:

1 You can use Ghield in thecloud, youroffice systems or amix of both.

T LG Ffaz2 ¢g2Ny}a ¢6Sftf GAGK 20KSNI FLILJA 2N LX I GF2
Significance:

1 Firstof-its-kind globally:No other platform offers a unified quantwsafe cryptography suite.

1 { G4 NBy 3 K Bightal soleyeigrityan@rétional cybersecurity

End Points Networks Applications
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f Puts India at the forefront of thglobal quantum security racealongside nations like the US and
China.

49. Angstromscale Chip

Context: A team from [ISc has submitted a proposal to the government to develop angstai®
semiconductor chips usirgZD materialsaiming to position India as a leader in ngeineration chip
technologies.

About Angstromscale Chip
! What is an Angstronrscale Chip?

o Angstromscale chipsefer to semiconductor
devices built at the atomic scale, where one
angstrom equald nanometres

o These chips are aboone-tenth the sizeof
the current smallest chips (3 nm nodes).

71 Developed By:

o Proposed and developed Isgientists at the
Indian Institute of Scienc€liSc) Bengaluru.

o Detailed Project Report (DPR) submitted to Brancipal Scientific Adviser (PSand Ministry
of Electronics and IT (MeitY).

1 Characteristics of 2D Materials Used:
Materials: Graphene and Transition Metal Dichalcogenides (TMDs).
1 Properties
o Ultra-thin atomic layerswith high electrical conductivity.
o Superior strengthflexibility, andthermal stability.
o Enablesigh-speed processingvith lower power consumption.
1 Applications:
o Next-generation semiconductor$or electronics and computing.
o Flexible electronicswearable devicesandquantum computing
o Enablingheterogeneous integratiorin chip designs, crucial féd, 5G/6G communications
andspace technologies

=

50.L Y RA I Q &Staek Quidintum Calwpuiter
Context:On World Quantum Day 2025, Bengakdrd &8 SR v LJA! L f | dzst@dk QuBntumy RA | Q
computer with 25 qubits.
9 ¢KS Ayy2@8FdA2y Aa LI NI 2NatiohayQuantuf Kisso@®QMp &adinS ¥
guantum technologies.

AboutL YV RA | Q &StaekQuiEinfum Caiwputter
1 Whatitis?
o QpiAHndusid Y RA I Q &stadk juddituin syBtdrfintegrating
guantum hardwaresoftware, and Aenhanced hybrid computing.
1 Developed byCreated byQpiAl, a DSBupported startup under th&lational
Quantum Mission
1 Key Features:
o Powered by25 superconducting qubits
o Equipped witext-gen QuantumHPC platformand Al-integrated
software.
o Supportsscalable control systemfor realworld quantum
applications.
1 Sectors ImpactedEnables solutions in drug discovery, life sciences, logistics, climate action, and
materials science.
About National Quantum Missio{NQM):
1 Whatitis?
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o A strategic national initiative tdevelop and deploy quantum technologiescross computing,
communication, sensing, and materials.
1 Launched inApproved by théJnion Cabinetin2028 gA GK | G2GFf o0dzRXSG 2AF
2031).
1 Nodal Organisationimplemented by theDepartment of Science and Technology (DST)
1  Core Objectives:
o Buildintermediate-scaleguantum computerg(50¢1000 qubits).
o Developguantum communication networkssecure quantum satellitesandatomic clocks
o Promotequantum sensing, metrologyandquantum-grade materials
! Mission Components:
o FourThematic Hubs ((Hubs)for:
A Quantum Computing
A Quantum Communication
A Quantum Sensing & Metrology
A Quantum Materials & Devices
o Promotebasic & applied researctinnovation, andylobal competitivenessn quantum
technologies.

51.lronwood TPU
Context:Google has launchddonwood, itsseventhgenerationTensor Processing UniTPU)o accelerate Al
model processing. ‘

About Ironwood TPU
1 Whatitis?
o Ironwood is thdatest TPU (Tensor Processing UmiBveloped
by Google, designed exclusively for hjgdrformance artificial
intelligence workloads.

1 DevelopedbyD22 3t S /f2dz2RQa 'L LY TN & o

1 Feature:

1 Al-Specific Desigrironwood is amASIC chipouilt to process tensors fundamental to machine

learning.

T Faster Traininglt significantlyreducesAl model trainingime from weeks to just hours.

1 Highly SpecialisedMore focused than CPUs/GPUs, it handtedrix operations and neural networks

1 Google Ecosystem Backbarfeowers Al itGoogle Search, YouTupandDeepMind

1 CloudReady ScalabilityFully integrated withGoogle Cloudo support largescale Al applications.
Key Differences between TPU vs GPU vs CPU:
Feature CPU (Central Processing Unit) GPU (Graphics Processing Unit) TPU (Tensor Processing Unit)
Nature Generalpurpose processor Parallel processor, mainly for visual and Al tasks ~ Applicationspecific processor for machine jearning
Primary Use g‘s:gt?zr:smme @Ping and sequential Ideal for graphics rendering and ML parallel tasks Specialised for deep learning tensmmputafions
Cores 2¢16 per chip Thousands per chip for simultaneous task executio Fewer, highly specialised cores for Al matfix operz
Performance Efficient in sequential tasks Better for concurrent, parallel tasks Fastest in training and inference of ML mogels
Flexibility Highly versatile Moderately flexible Narrow-purpose, highly optimised
Example Use Word processing, browsing, OS control Gaming, video editindylL modeltraining Google Search Al, YouTube Al, DeepMind models

52. Automatic Number Plate Recognition (ANPR)
Context: The Ministry of Road Transport and Highways (MoRTH) clarified that no decision has been made t¢
implement GNS8ased tolling from May 1, 2025.
71 Instead, anrAutomatic Number Plate RecognitiofANPRIFASTadpased barrierless toll systenwill be
introduced at selected plazas.
About Automatic Number Plate Recognition (ANPR):
1 Definition: ANPR uses higterformance cameras to capture and read vehicle number plates, enabling
automatic identification without manual intervention.
1 Charging Mechanism:
o Vehicles will be charged based on number plate recognitionF&fsiTagalidation.
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o No stopping required at toll plazas.
o Violators will receive otices, and nofpayment can lead to FASTag suspension or penalties
underVAHAN databaseorms.
What is GNSS and How Does It Work?
1 Definition: Global Navigation Satellite Syst€@®NSS) is a barri&ee tolling method that uses satellite

GNIOlAy3 G2 Y2yAG2NI b OSKAOf SQ4 Y20S8YSyid | yR
f  Working:
o GNSS integrates GPS or other Ry ——
satellite systems. _ Feature FASTag GNSs
o Toll amounts are automatically
deducted from I|nked bank * Technology . RFID_(Rad?O Frequency . Satel!itefbased GNSS
accounts. Used Identification) tracking
o Ellmlnat_es need_ for tOII bOOthS or * Payment * Prepaid wallet * Prepaid and Postpaid bank
manual interaction. Mode deductions
How GNSS Differs from FASTag?
. * Stopping at * Mandatory (though minimal) * No physical stop required
Benefits of GNSS and ANPR: Booths
1 Seamless TraveNo stopping at toll
plazas’ SaVing time and redUCing * Accuracy ¢ Medium (errors possible) * High (precise tracking of
congestion. distance)

1 Reduced ErrorsSatellite tracking reduces
human and technical errors.
1 Flexible PaymentGNSS allows both prepaid and postpaid modes.
1 Enhanced EnforcemengEnotices and penalties ensure compliance under ANPR.
1 Improved AccuracyRealtime distancebased toll calculation in GNSS ensures fair tolling.

53. Mirror
Context: An IIT Kanpur physicist explained mirror science through electron behaviour and quantum mechani
This coincides with thimternational Year of Quantum Scierened Technology 2025, marking 100 years of its
discovery.
About Mirror :
1 Whatis a Mirror?
o Amirror is a smooth surface that reflects most of the light falling on it, forming clear images.
o It works based ospecular reflection where light bounces at the same angle it arrives.

How Mirrors Work

Incident Incident
1en

1 Material Used in Mirrors:

o Mirrors consist ofransparent glason the front and a L e O Reflected
thin metallic layer(usually silver or aluminium) on the AT :
back.

o The glass protects the metal and allows light to reac -
and reflect from the metallic surface. mﬁ-{‘f,l.';é;’. P Reflected

1 How Does aMlirror Work? Jngle of DIFFUSE

REFLECTION

o Law of ReflectionLight reflects from the metallic
surface such that thangle of incidence equals the

angle of reflection Reene?
o Specular vs Diffuse ReflectioBmooth surfaces like {
mirrors causespecular reflection rough surfaces REFLECTION
causediffuse scattering I
o Electron BehaviourFreemoving electrons in the hiddént
metal bounce incoming light uniformly, forming a clea Hel
virtual image.

o Virtual Image FormationMirrors create avirtual image appearing behind the mirror where
the light seems to originate.

o FrontBack Reversah A NNEB NBE Rght Buil the¥ feviersdroht &ril back like a rubber
stamp impression.
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91 Limitations of a Mirror:

o

54.BatEchoMon Device

Directional Limitations:Only reflects objects within the line of sight; no information from
behind the mirror.

No Depth PerceptionMirrors do not convey actual depth, making objects appear equidistant
from the mirror.

ContexttL Y RA I Q&4 FANERG | dzi 2 Y BaiEstivManhasd beshzytdessiiydeyeped® & (0 S
detect and classify bat species using @l acoustic analysis.

About BatEchoMon Device:

1 Whatis BatEchoMon?

(0]

(0]
(0]

1 Key Features of BatEchoMon:

Definition: BatEchoMon (B&Echolocation
Monitoring) is arautonomous, Alpowered acoustic
monitoring systemthat detects, analyses, and
classifies bat echolocation calls in riahe. :
Developed byindian Institute for Human Settlements (IIHS), Bengaluru.

Aim: Tosimplify and accelerate bat data processingnabling deeper research into bat
ecology and biodiversity with minimal manual intervention.

(0]

(0]

1 Applications and Significance:

Realtime Acoustic AnalysisActivates at sunset and uses a Raspberry Pi microprocessor to
isolate and analyse bat calls.

Species ldentificationEmploys convolutionaleural networkg§ CNN) to match call structures
with known bat species.

Visual Output:Generates spectrograms and statistical activity data across species and time
intervals.

Compact & ModularHoused in a 200x80x80 mm unit, with sgbewered battery backup (8
day runtime) and WiFi for data transfer.

LowCost InnovationCosts less than a third of conventional international detectors.

(0]
(0]

55. Green WaterBased Method to Recycle Toxic Perovskite Solar Cells

Bat ConservationHelps monitor bat populations and understand hab#gecific behaviors.
Urban EcologyUseful in cities, forest edges, and parban regions to track insectivorous
bats.

Research TooReduces data analysis time drasticallyl months of manual processing
reduced to a few hours.

Data DemocratizationMakes bat studies more accessible across India, enhancing participatid
in global databases.

Technological LeafPossiblyi KS 62 NI RQa&a T XoNdkalfitimé battdl Eebtkdingd R
and classification.

Context:Scientists have developed a green wabased method taecycle toxic perovskiteolar cells,
recovering about 99% of the materials and retaining almost full efficiency even after five cycles.

About Perovskite Solar Cells

1 Definition: Perovskite solar cells are a class of photovoltaic
devices that use perovskigtructured compounds, typically
containing lead, as the ligiitarvesting active layer.

1 Key Characteristics:

(0]
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High power conversion efficiency achieved rapidly
compared to traditional silicofvased PVs.
Lightweight and lowcost fabrication.

Flexibility in application (can be made semainsparent
or integrated into flexible surfaces).
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o Major challengeshorter lifespan and presence of toxic materials like lead.
1 Working Principle:
o Perovskite materials absorb sunlight and create electiote pairs.
o Charge carriers are transported to electrodes through layers of conductive materials,
generating electricity.
About Green WateiBased Method to Recycle Toxic Perovskite Solar Cells:
1 Previous Recycling Challenge
o Earlier methods used toxic organic solvents tikeethylformamideto dissolve layers, raising
environmental concerns.
1 NewWater-Based Recyclingpproach
A water solution witrsodium acetate sodium iodide andhypophosphorous aciadvas used.
Sodium acetate binds with lead ions, making them soluble.
Sodium iodide and hypophosphorous acid help regenerate pure perovskite crystals.
Significance:
A Major advancement for circular economy goals in solar energy.
A Minimizes hazardous waste and enhances material sustainability.
A Lays the foundation fascalable commercial usef perovskite solar technology.

o O O o

56. SiliconCarbon Batteries
Context:In recent developments, several Android smartphone manufacturers have transitioned from
traditional lithium-ion batteries to silicorcarbon batteries to enhance device efficiency and performance.

About SiliconCarbon Batteries:
What is SilicorCarbon Batteries?
o Siliconrcarbon batteries are nexgen lithiumbased batteries that use silicon
carbon composite as the anode instead of graphite.

1 Cathode remains lithiuAbased, similar to lithiusion batteries.

1 Anode is upgraded to silicezarbon, improving energy storage per gram.
Key Features of Silice@arbon Batteries:

o Higher Energy DensityBtores up to 470 mAh/g vs 372 mAh/g of graphite and delivers more power in small¢

volume.

o Slimmer Device DesigEnables compact, thinner smartphones without sacrificing battery life.
o Faster Charging Capabilit@ilicon allows faster lithiusion flow, reducing charging time.

o Lighter Battery WeightBetter powerto-weight ratio, improving overall device ergonomics.

2 K& LGQ& wS HdnBaierigsd [ A G KA dzY

0 Space OptimizationMore energy in same or smaller size battery pack.

o Enhanced User Experiencéhinner phones with longer screem time and better thermal control.

o Future-Ready for EVs & loPotential for electric vehicles, wearables, and Al devices due to scalability.

Limitations of SilicorRCarbon Batteries:

o Silicon SwellingSilicon expands on charging, causing mechanical stress and early degradation.
o0 Reduced Battery Lifespamigher wearand-tear over multiple charge cycles.

o Manufacturing CostComplex processing makes it costlier than standard lithioimcells.

57.Blue Cateqgory of Industries

Context: The Central Pollution Control BoaldHCB Kl & Ay G NBRdzOSR I ySg W. fd
Essential Environmental Services (EES), controversially includingtdt&stergy (WTE) incinerators,

previously classified as highly polluting Red Category industries.
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About Blue Category of Industries
1 What is the Blue Category of Industries?
o TheBlue Categoryvas introduced by the
CPCB to classify sectors that are essenti
for environmental management but are
relatively low on pollution however, this
has sparked debate.
1 Key Features of Blue Category Industries:
o Recognized as part &ssential
Environmental ServiceEES) =
o GrantedSEGSYRSR @I t ARN
h LIS NI ( $ Qp t@2 yeéars)
o Intended for projects that producminimal hazardous waste
o Expected talign with circular economy goals
1 Industries IncludedSewage Treatment Plants (STPs), Composting units, Biogas plants, Material
Recovery Facilities (MRFs), and Wdst&nergy (WTE) incinerators.
1 ColourBased Industrial Classification MethodologyloEFC(Cin collaboration with CPCB, introduced
colour-coded industrial categorisatiomo guide zoning, surveillance, and pollution control.
1 Classification Basis:
o Pollution Index (PE)Ranges fron® to 100
A Pl @20: White (least polluting)
A Pl 2X40:Green
A Pl 4%59:0range
A PI 6@100:Red(most polluting)
1 Establishment:
o Launchedundertht/w®l G SI2NAT A2y 2F LYy RdZAGNASAQ ¥
o Empowered by thé&nvironment (Protection) Act, 1986
o CPCB and State Pollution Control Boards (SP&8& authority to classify industries.
1 Procedural Criteria for Blue Category Inclusion:
o No generation of hazardous waste or togmissions.
o Must promote circular economy (reuse, recycle, resource efficiency).
o Must align withSustainable Waste Management Ruf23]6.

Syllabus: EnvironmerEcology& Conservation

58. World Earth Day 2025
Context2 2 NI R 9 NI K 5F& HAHp
ttFySieo

About World Earth Day 2025
1 What is World Earth Day?

o Earth Day is an annual event dedicated
to environmental protectionand
sustainability awareness

o ltunites individuals, governments, and
organizations to take action for a
greener future.

1 Started In:First celebrated od\pril 22, 1970
after being proposed at theINESC@onference in 1969
1 Theme for 2025:
o GhdzNJ t 26SNE hdzNJ t £ ySihé
o Focuses on thargency totriple renewable energygeneration by 2030
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o Emphasizes global collaborationrtmve away from fossil fuels and invest in sojawrind,

hydro, tidal, and geothermal energy.
f Significance:

o Global ParticipationOver 1 billion people in 192 countries actively take part each year.

o Awareness and Actioninspires tree planting, water conservation, cleanups, sustainable
business promotion, and edaendly living.

o Policy ImpactDrives conversations around climate policy reforms and green energy initiatives

o Environmental StewardshipStrengthens community spirit towards preserving natural
biodiversity and ensuring a healthier planet for future generations.

—

59.Ice Stupag; Artificial Glacier
Context: Farmers irGGilgitBaltistan regiorhave successfully used ice stupas, inspired by Ladakhi engineer
Sonam Wangchuk, to overcome water shortages.

About Ice Stupag Artificial Glacier
1 What are Ice Stupas?

o Ice stupasareartificial glaciersshaped like cone
that store winter water in frozen form.

o Named afteBuddhist stupasiue to their iconic
dome-like shape.

1 Science Behind the Formation of Ice Stupas:

o GravityFed Water SupplywVater is diverted
from nearby glacial streams using graxiyven plpellnes eliminating the need for pumps or
electricity.

o Spraying and Freezing Mechanishit subzero temperatures during winter nights, water is
sprayed vertically into the air, where dropldteeze midair and settle over a support frame.

o Vertical Cone FormationThe ice accumulates intoc@ne-shaped structurg(stupa), which
reduces sunlight exposure and insulates the core, minimizing early melting.

o Seasonal Melting for Irrigationtn spring, the stupa melts gradually from top to bottom,
releasing water slowly to irrigate crops like apples, apricots, wheat, and barley.

o Scientific Concepts Involvedihe process usgthase changdatent heat storage heat
transfer, andhydraulic gradientto create a natural, lovcost water storage solution.

{1 Significance:

o Climate Adaptation:Addresses water scarcity in arid mountain areas affected by warming.

o Agroinnovation: Enables multiple crop cycles annually instead of just one.

o Lowcost, Lowtech: Sustainable, communitglriven innovation requiring no heavy
infrastructure.

o Disaster Mitigation Reduces dependency on rapidly melting glaciers, lowering flood risk.

60.! b9{/ hQ& . Lh/ha LINRINIYYS
Context:! b9{/ hQa .Lh/ha LINRBINFYYS Ay alRF3IIFIaldFN Aa YYL
offering sustainable livelihoods and reducing pressure on forest ecosystems such as the Montagne des Frapcais
Reserve.

About; b9 {/ hQ&a . Lh/ha tNRBINI Y)

1 What it is: The Biodiversity Conservation and
Sustainable Natural Resource Management for r .
Integrated Community Development (BIOCOM) is a s
flagship UNESCO initiative promoting conservation g
linked livelihood generation in Madagascar. "

1 Launched byUNESCOn collaboration with the
Korea International Cooperation Agency (KOICA). %7 i S

1 Launchedinh nHns AYLX SYSYUGSR | ONR A&
Andohahela protected areas.
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f Aim: To conserve biodiversity while enhancing seetonomic resilience among local communities
vulnerable to climate change and unsustainable forest exploitation.
1 Key Features of BIOCOM Programme:
o Sustainable Livelihoodraining:Offers training in masonry, metalwork, etaurism, cooking,
and basketry to create alternatives to slashd-burn agriculture and illegal logging.
o Community ParticipationSets up local forest governance and conflict management systems
fA1S GaRAYIlI ¢ O2y (NI OGa (G2 NBRdIzOS SO2t 23AO0LkI[
o Ecological ProtectionSupports carbon sequestration, watershed preservation, and forest
connectivity to counter deforestation and biodiversity loss.
o Educational EmpowermentEstablishes environmental education and sustainable
development awareness, especially among women and school dropouts.
o Resilience Againgstlimate ChangeTargets Forest regeneration and flood prevention in
erosionprone zones by integrating natwtgased solutions.

61. AIM4ANatuRe initiative
Context:FAO launched the AIM4NatuRe initiative with UK support to enhance global monitoring of ecosystem
restoration under theKunmingMontreal Biodiversity Framework

About AIM4NatuRe Initiative
1 Whatis AIM4NatuRe?

o Accelerating Innovative Monitoring for Nature
Restoration (AIM4NatuRe} a global initiative to
improve the monitoring and reporting of ecosystem
restoration efforts.

71 Launched byFood and Agriculture OrganizatidrRXQ of the
United Nations.

T Funding PartnerUnited Kingdom, contributing GBP 7 million. §

1 Objective:

o {UNBYy3IlGKSYy O2dzy iNAS&aQ loAfAlGE (2 Y2yAlG2NI| vy

o Support achievement dfarget 2of the KunmingMontreal Global Biodiversity Framework
restoring at least 30% of degraded ecosystems by 2030.

1 Features:

o Technology Driventeverages cuttingdge satellite and data analysis tools.

o Global Dataset CreatiorBuilds a harmonized global dataset on restoration.

o Capacity Developmenf(Trains countries to usgata-driven restorationtracking methods.

o Data Interoperability:Establishes standardized data formats for seamless integration across
nations.

o Inclusivity Focusf dzLJLJ2 NJia LYRA3ISy2dza t S2L)X SaQ Y2yAaidzN
and Peru.

o Expansion: dzA f R4 dzLl2 Yy (i KASVI4REod=IY&jeadmezekten@ing lir@reforests
to all ecosystems including wetlands, grasslands, and marine areas.

{1 Significance:

o Fostergransparency accountability, andownershipof restoration goals.

o Bridges major data and reporting gapsaddressing the needs highlighted by 80% of countries
in the CBD capacity survey.

o Promotes naturebased 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 lyy
the Maharashtra State Wildlife Board.
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About DPS Wetland

1 Location:
o Situated inSeawoods Navi Mumbai,
Maharashtra.

o Spread oveBO acresadjacent to the

Thane Creek Ramsar site.
1 River Drainage:

o DPS Lake forms part of thénane Creek
ecosystem a tidal waterbody fed by
numerous freshwater sources and marine influences.

o Supports migratory birds on th€entral Asian Flyway

1 Key Features:

o Acts as a criticdkeding and resting groundor 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 amchtera
intrusion.

About Flamingos:
1 What areFlamingo®

o Flamingos are large, pidluedwading birdsknown for their graceful necks, long legs, and
downwardbent bills.

1 Scientific NameTheGreater Flaming¢found in India) is scientifically nam&toenicopterus roseus
1 Key Features:

o Physical:

A Height ranges betweef0 to 150 cmstriking pink or rosy plumage due to carotenoid
pigmentsfrom their diet.

o Biological:

A Specializedilter -feedingwith comblike structures inside their bills to sieve algae,
crustaceans, and diatoms.

A Nests areconical mud moundsvhere one or two eggs are laid, with both parents
incubating.

o Social:

A Highlygregarioushirds 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 r
sensitive urban planning under the River Cities Alliance (RCA).

About National Mission for Clean GandadIMCG):

1 Whatitis:Itis the implementation arm of Vision and Missions of C.anga River
the National Ganga Council for rejuvenating Basin Management Plan
and managing the river, Ganga. T RS~ A=

1 Launched inRegistered on 12th August
2011 under the Societies Registration Act,
1860.

1 Ministry Involved: Ministry of Jal Shakti
(Department of Water Resources, River
Development and Ganga Rejuvenation).

1 Objectives:

o Prevention and control of pollution
in river Ganga.

o Ensure continuous adequate water
flow for rejuvenation of Ganga

Nirmal Dhara Aviral Dhara

Visions
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o Implement river basin management strategies.
1 Key Features:
o Twotier management structure: Governing Council and Executive Committee, both headed &
the Director General.
o Executive Committee can approve projects up 10000 crore.
o State Program Management Groups (SPMGSs) act aslstatkimplementing arms.
o Functions under a fivéer structure from national to district level.
About River Cities AlliancéRCA):
1 What it is: A dedicated platform for river cities to exchange ideas, share best practices, and collabors
for sustainable urban river management.
1 Launched in2021 by the Ministry of Jal Shakti and the Ministry of Housing and Urban Affairs.
1 Obijective:
o Promote networking among river cities.
o Enhance capacity building for sustainable river management.
o Offer technical support and innovatiesharing platforms.
1 Key Features:
o Open to all river cities in India; started with 30 member cities like Varanasi, Dehradun, Chenr
and Pune.
o Secretariat housed at thiational Institute for Urban AffaifdNIUA).

64. AQUASTAT

Context: The Food and Agriculture Organizatie@® OSf So NI §SR on &SINA 2F !
water-agriculture data platform.
1 The event featured the launch of theew AQUASTAT Dissemination Platfarenhancing access to
global water data, aligned with SDG 6.
About AQUASTAT
1 Whatitis?
o lv!ilt{¢l ¢ Aa C!hQa 3If S

resources and agricultural water management
providing operaccess data on more than 180
variables across countries.
1 Established bylnitiated in thel990sbyC! h Qa [
and Water Division
71 Launched byFood and Agriculture Organization of th
United Nations (FAO).
1 Core Obijectives:
o Monitor water use and irrigation globally.
o TrackSustainable Development GogbDG 6.4on water use efficiencyandwater stress
o Supportpolicy-making, planning, and international cooperatioon water governance.
1 Key Functions & Features:
o Data CoverageCovers water resources, irrigation infrastructure, and efficiency indicators from
1960 onward
o Dissemination PlatformNew version featuremteractive maps, multilingual support,
CSV/Excel downloadsind advanced search tools.
o Used in Global ReporténformsUN World Water Development Repgrand supports national
SDG reporting.
o Collaborative ModelEngages member states to validate data and strengthen codenesi
capacity.

65. Bio-Input Resource Centres
Context¢ KS aAyAaidNEB 2F ! ANAOdzZ GdzNE | yR CIF NMBHNBEQ 2 Sf
Resource Centres (BRCs) to promote natural farming under the National Mission on Natural Farming (NMN
About Bio-Input Resource Centres

1 What is Bielnput Resource Centres?
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o BRCs arelusterlevel enterpriseghat provide farmers withocally prepared natural farming
inputs like biofertilizers, biepesticides, and organic formulations.
o They also act denowledge hubdo train and guide farmers transitioning to natural farming
practices.
{ Established Undertaunched under thélational Mission on Natural Farmi§MNF).
1 Objectives:
o Facilitate easwvailability of quality bioinputs for farmers.
o Support farmers witltechnical knowledgeon natural farming methods.
o Promote thescalingup of natural farming practices across villages.
1 FEeatures:
o Financial SupportRs. 1 lakh per centre in two tranches of Rs. 50,000 each.
o Entrepreneur EligibilityMust practice or be willing to adopt natural farming.
o Customized Inputstnputs to be developed based on local soifp patterns and farmer
needs.
o Training SupportTrain farmers on botanical extracts, Bigput preparations, and pest
management tools.
o ForProfit Model: BRCs are intended to be sustainable ventures supporting local economies.
o Market Facilitation:Explore convergence with FPOs, SRLMs, and agriculture marketing boardls.
About National Mission on Natural Farming (NMNF)
1 What is NMNF?
o NMNF is &entrally Sponsored Schenagémed at promotingchemicalfree, sustainable
agriculturerooted in local agreecology and indigenous knowledge.
1 Objectives:
o Promotenatural farmingto ensure safe and nutritious food.
o Reduce dependencgn external chemical inputs adwer cultivation costs
o Buildhealthy soil ecosystemspromotebiodiversity, and enhancelimate resilience

66. Similipal National Park
Context: The Odisha government has officially notifieidnilipalTiger 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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