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DAY 01 | TOPIC7 | VISUAL 1 Back to index

Day 1 - Topic 7 - S&T - Item 20

Choose the orbit for the job
Altitude, tilt and shape describe different things

ALTITUDE = HEIGHT ABOVE THE SURFACE

GEO

35,786 km
Comms [/ weather
1 sidereal day

MEO

Above LEO,
below GEO
GPS: =12 h

L

LEO Below 2,000“:&:4"

Close imaging, crewed stations
ISS example: =400 km; =90 min

TILT / ORIENTATION SHAPE
Polar: near the poles Circle or
Can also be in LEO ellipse

Sources: ESA orbit definitions; NASA orbit catalogue
Every orbit drawing is schematic, not to scale
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Day 1 - Topic 7 - S&T - Item 20

Same period. Different ground motion.
Geostationary is a special case of geosynchronous

GEOSTATIONARY INCLINED GEOSYNCHRONOUS

Circular - equatorial - prograde Same period, tilted plane

One fixed ground point —
Ground position changes

Both: 23 h 56 min 4 s = one sidereal day

NaviC (as designed)

3 geostationary satellites
+ 4 geosynchronous

at 29° inclination
GPS -» MEO

~20,200 km - navigation Navigation need not mean MEO

Sources: ESA / NASA; GPS.gov; ISRO NavIC design
GPS reference illustration: NASA - Geometry not to scale
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Day 1 - Topic 7 - S&T - Item 20

Polar is a path. SSO adds a time rule.

Repeated lighting makes Earth images comparable

01 POLAR COVERAGE

Near-polar passes cross
many latitudes. Earth
turns beneath the orbit.

Ideal polar tilt: 90°
SSO: usually slightly
retrograde (>90°)

PSLV-C36 - Resourcesat-2A - polar SSO (2016)

02 SUN-SYNCHRONOUS TIMING

— e—
PASS A LATER PASS

Same-direction equator crossings
at nearly the same local solar time.

Clocks illustrate equal solar time.
Resourcesat-2A - 817 km

Sources: ESA / NASA; ISRO PSLV-C36 mission
Resourcesat-2A photograph: ISRO - Not to scale
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Day 1 - Topic 7 - S&T - Item 20

GTO is the transfer. GEO is the goal.
The satellite changes its orbit after launch

GEO: circular target orbit

Near apogee:
burn increases
Perigee i ~— speed and
Low pofdt v \ raises perigee
near Earth : |

Circularise and
adjust the orbit
to reach GEO

Apogee is the farthest point

INSAT-3DS: weather observations

GSLV-F14 - GTO - orbit raising - GEO
Launched 17 February 2024; GEO slot 28 February.

Transfer period depends on the ellipse.

Sources: ESA; ISRO GSLV-F14 / INSAT-3DS mission
INSAT-3DS photograph: ISRO - Geometry not to scale
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Day 1 - Topic 7 - S&T - Item 20

Aditya-L1 watches the Sun from a halo
L1 is part of the Sun-Earth orbital system

L1 Aditya-L1

SUN EARTH

I ]
1 1

Towards the Sun <— ~1.5 million km

Combined gravity and orbital motion let the spacecraft
travel around the Sun with Earth’s one-year period.

The halo loops around L1; L1 itself is not a solid object.

PSLV-C57

Launch: 2 Sep 2023
Halo insertion:

6 Jan 2024

MAGNETOMETER
ETOWED)

Continuous view of the Sun * Halo period =178 days
Sun, Earth, distance and halo size are not to scale.

Sources: NASA Lagrange points; ISRO Aditya-L1
Original spacecraft reference drawing: ISRO
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Day 1 - Topic 7 - S&T - Item 20

Follow the launcher to the destination
A launch vehicle can serve more than one orbit

Resourcesat-2A - SSO
Proba-3 = highly elliptical orbit

GSLV Mk Il —> INSAT-3DS -» GTO -» GEO
GSLV-F16 also launched NISAR to SSO

OneWeb: 450 km injection
Raised to =1,200 km working LEO

EOS-08 - circular LEO
475 km; SSLV-D3 (2024)

KEEP THE THREE TRAPS STRAIGHT

01 Polar / SSO describe orientation, not a separate height band.
02 GTO is a temporary ellipse; GEO is circular and equatorial.

03 At L1, gravity does not simply cancel to zero.

Geostationary = geosynchronous; the reverse is not always true.

Sources: ISRO launcher and mission pages; ESA
Orbit sketches not to scale - Mission designs, not live status
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DAY 2 - TOPIC 17 - LAUNCH VEHICLES

Choose the vehicle for the mission

Payload, target orbit and mission needs determine the launcher.

] 1} B
_ —_
= 1\ /\ [ B
__'_ -
P
2
= ‘ias aas a 8 e - =
o e
PSLV GSLV Mk 1I LVM3 SSLV S
Versatile; major Geosynchronous Heavier Dedicated q"!h
role in polar / missions with a payloads; small-satellite
Sun-synchronous cryogenic upper high-capacity missions
missions stage Indian launch
vehicle
Saurces: ISR0O vehicle pages for PSLY, G5LY, VM3 and 55LV - Front views omit hidden boosters. Relative heights are approximats
IAS WITH DR RAVI 1/6
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DAY 2 - TOPIC 17 - LAUNCH VEHICLES

PSLV: alternate solid and liquid
stages

The four-stage sequence is S-1L-S-L.

4 PS4 -LIQUID

Upper stage; precise orbital
injection

PS3 - SOLID
= High-energy solid stage

PS2 - LIQUID
Vikas-engine liquid stage

|

PS1 - SOLID
i Large first-stage solid motor

7 g g

—i-

484
Strap-on options: XL6 - QL 4 - DL 2 - Core Alone 0

'mﬂﬂ' s

e: ISRO. PSLV configuration and vehi overview * Stage diagram is schematic. The payload falring is protective structure, not a fifth
slage
AlM. PREPARE. ACHIEVE 2 JE
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DAY 2 - TOPIC 17 - LAUNCH VEHICLES

GSLV Mk Il and LVM3 are different

Do not swap the core and strap-on propellants.

GSLV Mk Il LVM3

'Y W 5 a8 e =~
Solid core + 4 liquid strap-ons Liquid core + 2 solid boosters =%
. Upper stage: cryogenic, CE-7.5 Upper stage: cryogenic, CE-20
T2 T R
’.—--:"i'!-r_e__'i-:__ ISRO. GSLW M If and LvM3 configurations « Front elevation shows visible external components: labelled booster totais refer o the
lﬁﬁn. PRE PLEEEEHE:“ 3/6
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DAY 2 - TOPIC 17 - LAUNCH VEHICLES

LVM3: two solids, liquid core,
cryogenic top

Three propulsion-stage groups work through the ascent.

C25 UPPER STAGE
Cryogenic liquid hydrogen +
liquid oxygen; CE-20 engine

L110 CORE
Liquid-propellant stage with two

_ Vikas engines

TWO S200 BOOSTERS

Large solid motors supply
40 _ powerful lift-off thrust

A T

=
p
g a a a
G S

e L
iree: ISRO. M3 configuration and mission materal - 5200. L110 and €25 are stage designations. not launch tetals

IAS WITH DR RAVI a/6
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DAY 2 - TOPIC 17 - LAUNCH VEHICLES

SSLV: a focused small-satellite
launcher

Three solid stages plus a liquid Velocity Trimming Module.

VELOCITY TRIMMING

— MODULE
I | Liquid propulsion makes final

velocity corrections

THREE SOLID STAGES

== The main ascent uses solid
propulsion

REFERENCE CAPABILITY

Up to 500 kg to a 500 km planar
orbit

= &
A small satellite is still :
orbit-dependent: altitude and e

inclination affect what the vehicle

a2 can carry.
T AR W
Source: ISRO. S5 vehicle overview - A-liquid iimming module does not twm 551 s three main soild stages into liguid stages
IAS WITH DR RAVI 5/6
AlM. PREPARE. ACHIEVE "!
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DAY 2 - TOPIC 17 - LAUNCH VEHICLES

Compare payloads only with their
orbits

A kilogram figure without its target orbit can mislead.

elliptical

transfer orbit

VEHICLE PAYLOAD REFERENCE ORBIT

PSLV 1,750 kg 600 km Sun-synchronous polar
GSLV Mk 11 2,250 kg GTO

LVM3 4,000 kg GTO (reference capability)
SSLV 500 kg 500 km planar orbit

These are reference capabilities
Mission-specific configuration and performance may differ.

Sources: ISRO vehicle overview pages. Snapshot: 9 October 2026 - Orbit sketches are conceptual. They do not depict an actual mission
trajector I
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DAY 3 - TOPIC 26 - ECOSYSTEMS

One pond.
One connected system.

Living organisms interact with each other and their physical surroundings.

ST T o~
X nght + water \

ABIOTIC BIOTIC
Light, water, temperature, Producers, consumers
dissolved gases and nutrients and decomposers

lllustrative habitat; microbes are not shown at crganism scale
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DAY 3 - TOPIC 26 - ECOSYSTEMS

A food web is
a living network

Two linked chains. More than one route to the hawk.

t‘.& Akt
Lo IR e

v
: Y .
1, Direction of energy flow' | iﬁ
AR T PP, Ta,

Food —= feeder

e
*

A

Grasshopper

y’s Grasses / seeds

Energy moves from food to feeder.
Arrows show feeding links, not the direction an animal moves.

llustrative food web.

IAS WITH DR RAV1
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DAY 3 - TOPIC 26 - ECOSYSTEMS

Less energy reaches
each higher level

An energy pyramid stays upright. Specimens are shown at diagrammatic
scales.

ENERGY UNITS

Tertiary consumer n -

Secondary consumef

Primary consu

Producer

Heat
Arrow lengths are not quantities

Only a fraction passes to the next trophic level.

Here: 1,000 —» 100 — 10 — 1 (illustrative energy units).
The 10% rule is a rule of thumb; actual efficiencies vary.
Heat is released; some energy also enters detritus.

Values are |llustrative, not measured data.

IAS WITH DR RAVI
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DAY 3 - TOPIC 26 - ECOSYSTEMS

Litter becomes
available nutrients

Detritivores and decomposers play different, connected roles.

| . o N
i 4 b
| i 4 = 4

Earthworm: a detritivore 2

FRAGMENT DECOMPOSE
Earthworms break litter Bacteria and fungi use
into smaller pieces. enzymes to break it down.

Mineral nutrients can return to the soil and be taken up by plants.

Hyphae are magnified; organism sizes are not comparable

IAS WITH DR RAVI
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DAY 3 - TOPIC 26 - ECOSYSTEMS

Energy flows.
Nutrients return.

Two connected processes, with different directions.

SUN

PRODUCERS CONSUMERS

l Heat released l

Mineral
nutrients

Producers

Dead organic matter

Energy is not recycled through the food chain.
Nutrients are reused as organisms, detritus and minerals interact.

Conceptual pathways; not a complete biogeochemical cycle.

IAS WITH DR RAVI
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DAY 3 - TOPIC 27 - ARTIFICIAL INTELLIGENCE

Al, ML and deep learning:
get the relationship right

The terms are connected. Their meanings are not identical.

ARTIFICIAL INTELLIGENCE

Reasoning - perception - language - decision support

MACHINE LEARNING
Learns patterns from data

KNOWLEDGE-
BASED Al

Expert knowledge

+ inference rules
i DEEP LEARNING
can work without

learning from Neural networks with
training examples. multiple hidden layers

ML is one approach within Al. Deep learning is within ML.
A decision tree can be ML without being deep learning.

An ordinary fixed timer is not automatically an Al system.

Source: DECD Al definition memorandum (2024); NIST, Demystifying Al (2018); Google ML glossary

IAS WITH DR RAVI
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DAY 3 - TOPIC 27 - ARTIFICIAL INTELLIGENCE

Learning is different
from using what was learned

Teaching example: a leaf-image classifier.

TRAINING: FIT THE MODEL

' ' ' MODEL
—
Adjust its parameters

Images + target labels
Healthy / diseased I I

Compare with target; reduce loss

EVALUATE ON SEPARATE EXAMPLES
Check generalisation before relying on new predictions.

INFERENCE: APPLY THE TRAINED MODEL

Trained Predicted
' model category
New image

Inference need not update the model’s parameters.
Monitoring and retraining are separate responsibilities.

Source: Google Develppers, Supervised leaming; NIST Al RMF 1.0. lllustrative workflow.

IAS WITH DR RAVI
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DAY 3 - TOPIC 27 - ARTIFICIAL INTELLIGENCE

Three ways
to learn from experience

Ask what signal guides learning, not just what the app is called.

SUPERVISED

® O
o: ©

: Regression — a quantity

@ Examples paired with targets
@

Classification — a category

Known labels

UNSUPERVISED

No supplied target labels

¢ @ D Y °® Clustering finds similar groups.
009 . . : Example: farms with similar

i .-.\ . . ". i + '
soil and rainfall profiles.

Discover groups

REINFORCEMENT
Action
e
AGENT ENVIRONMENT

New observation + reward feedback

Source: Google Develppers, ML introduction and clustering; IBM, Reinforcement leaming

Back to index

IAS WITH DR RAVI NEW TOPIC * 3/6 - ENGLISH

AIH. PREPARE. ACHIEVE

IAS with Dr Ravi | iaswithdrravi.com

24



DAY 03 | TOPIC 27 | VISUAL 4 Back to index

DAY 3 - TOPIC 27 - ARTIFICIAL INTELLIGENCE

Neural networks
and generative outputs

Architecture, learning method and output capability are different ideas.

A NEURAL NETWORK IS A MATHEMATICAL MODEL

- (o o
e ®
° @ o @
© O
Input Hidden layers Output
Weighted connections transform the information.

WHAT DOES THE OUTPUT DO?

“Diseased” A generated explanation
—_—if il
Classifies a category Creates text content

Generative Al creates text, images, audio or code.
It can combine several training approaches.
Fluent output is not a guarantee of factual accuracy.

Source: Google ML glossary and Neural networks; NIST Generative Al Profile (2024). Network is schematic.

IAS WITH DR RAVI
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DAY 3 - TOPIC 27 - ARTIFICIAL INTELLIGENCE

Recognise the task
behind the technology

Al supports people in real settings. Reliability still needs testing.

HEALTH AGRICULTURE MANUFACTURING
Image interpretation Crop-image analysis Visual inspection
Clinical decision support Disease identification Defect detection

INDIAN EXAMPLES TO RECOGNISE

Garbhini-GA2: gestational-age estimation in the second

and third trimesters; developed by THSTI and IIT Madras.
Al-DISC: ICAR-IASRI's crop disease identification example.
Illustrations show capabilities, not guaranteed diagnoses.

Source: WHO, Al for health; THSTI (5 March 2024); ICAR-IASRI (March 2024): NIST manufacturing overview
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DAY 3 - TOPIC 27 - ARTIFICIAL INTELLIGENCE

Trust needs evidence,
not just a confident answer

Generalisation, factual checks and responsible oversight matter.

OVERFITTING: GOOD TRAINING FIT, WEAK TRANSFER

Loss Validation loss

Training loss

Training progress

Conceptual curves; no measured values are implied.

A CONVINCING ANSWER CAN STILL BE FALSE

Al output Check evidence Human decision

Check bias, privacy, security and errors across groups.
Human review needs competence, time and authority.

Source: Google Develppers, Overfitting and classification metrics: NIST Al AMF / GenAl Profile; WHO
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DAY 4 - TOPIC 37 - BIODIVERSITY

Biodiversity has three levels

Variation within and between living systems

£ i
Se=td g e

~ ECOSYSTEM: desert, mangrove, reef
[lustrative ECOSYSIeN SOENES
uzu. ﬂllMﬂl,niEHﬂ“ DAY 4
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A hotspot must pass both tests
High species richness alone is not enough

SN A g 4 —
o At Ieast 1 I 500 endemlc vascular plant
speues

.; At Ieast 70% of orlgmal natural
g vegetation lost

Only 30% or less remains

- S ol Tt e w1 WP T
S R o e SR Bt L

Source: CEPF hotspat criterta - genenc forest, not an Indian site
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DAY 4 - TOPIC 37 - BIODIVERSITY

Which categories are threatened?

Only CR, EN and VU are counted as
threatened

EX Extinct

EW Extinct in the Wild
CR Critically Endangered
EN Endangered

VU Vulnerable

NT Near Threatened

LC Least Concern

Near Threatened is outside the three
threatened categories.

Source: IWCN Red List Categories and Critena, version 3.1
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DAY 4 - TOPIC 37 - BIODIVERSITY

Missing data does not mean safe

DD and NE are not low-risk findings

DD - Data Deficient

Not enough information for a direct or
indirect assessment of extinction risk.

NE - Not Evaluated

Not yet assessed against the Red List
criteria.

EW means survival only in cultivation,
captivity, or naturalised populations
outside the former range.

Source: ILWCN Red List Categores and Criterna, yvorsion 3.1
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DAY 4 - TOPIC 37 - BIODIVERSITY

Five ways to assess extinction risk

One qualifying criterion can be enough

Population reduction

Geographic range

Small population and decline

Very small or restricted

population

Quantified extinction
probability

Thresholds, time periods and qualifying
conditions must also be satisfied.

Source: IWCN Categories and Criteria - A-E assassment framework
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DAY 4 - TOPIC 37 - BIODIVERSITY

Count mature individuals

Examples from criterion D, not the whole
rulebook

CR
Fewer than 50

EN
Fewer than 250

VU (D1)
Fewer than 1,000

These counts mean mature individuals.
They are not total organisms of every age.

Source: IUCN Red List Categories and Criteria, version 3.1
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DAY 4 - TOPIC 37 - BIODIVERSITY

Species-area relationship

More area sampled usually reveals more
species

logS=logC+ Zlog A
log S

slope = Z

log A
S = species richness; A = area. The intercept
on this log-log graph is log C.

C is the multiplicative constant in:

S =C x A®

Hustrative field scene; schematic graph
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DAY 4 - TOPIC 37 - BIODIVERSITY

Check the denominator
Assessed species: data snapshot, 9 October 2026

175,909

species assessed

49,505

assessed species threatened with
extinction

About 28.1% of assessed species

This is not 28.1% of every species on Earth.
Always keep the date with the totals.

Source: ILICN July 2026 update - calculated from published totals
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India’s Advanced
Computing Push:

PARAM Rudra and
Amaravati anntum Va“ey |

_.‘_ . ] 4 i 1 ¥
! . .‘_" j ] " ~ ' :
pUSS=0= v/ | &
% A
ey £
L

(Ilniﬁstm’cive hardwarej_
PARAM Rudra Amaravati

High-performance  Quantum research,
computing (HPC) access and skills

Sources: PIB, Jan-Feb 2026; IBM, Feb 2026 - generic hardware illustration
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How [/} Supe,rcompute,r
shares the work
Classical parallel processing

[Input data + moc{elj

[Split problem into Parts]

( Processors work in parallel

ﬁ\loda 1]M[Nada flj‘i—)[l\lode ?J
J

Exchange intermediate results

[Combine, and analgse, outpug
Speedup depends on the task

and communication overhead.

Sources: IBM; LLNL parallel-computing tutorial - simplified teaching flow
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PARAM Kudra:
From racks to research
TIT Bombag - inaugurated 8 January 2026

% PetaFLOPS
Classical HPC facility

C-DAC Rudra servers
+ system software

Direct Contact
Liquid Cooling

Research applications

5 = ;
® e®%e
—3

” ' Advanced
. Vanc
iotechnolo :

AL Biot 9) manufacturing
Source: PIB / MeitY, 9 January 2026 - generic rack and application illustrations
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Amaravati Quantum Valleg:
read each wmilestone
Februarg 2026: cloud access and Planned hardware

o 7 Fe,bruarﬂ 2026 snapshot
Construction began. Members could

access TBM quantum computers

throuﬂh TCS over the cloud.
® g February 2026 snapshot

Foundation ceremony and lawnch

of IBM-TCS quantum cloud services.

® Planned local hardware

IBM Quantum System Two was
planned as a local ‘installation at this time.

Cloud access does not gave
S

a local machine is installed.

Sources: IBM, 7 February 2026; PIB / DST, 8 February 2026 - dated evidence
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Cloud access links People,

to remote hardware
A quantum job still uses classical computing

1. Prepare,

A classical computer sets up
a suitable quantum circuit.

2. Run through the cloud

A vremote quantum processor
runs the circuit;
qubits are measured.

3. Repeat, analyse, check

A classical computer analyses
the measurement results.

Access # location # u;eFul aolvantage.

Sources: IBM Quantum learning / hybrid computing - illustrative workflow
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HPC and quantumz

a quick comparison

8 Classical HPC | Quantum comput@

Bits: 0 or 1 Qubits: superposition
15 possible

Mang processors Quantum operations;
share the work measured qubit: O or 1
Established tool for | Suitable algorithms;
large simulations aolvantage varies

u _J

[ Read the riﬂlnt mdde. |
Qubit count is not FLOPS.

There is no direct conversion.J

R

Quantum does not Speed up

every computing problem.

Sources: IBM / HPC; NIST gquantum-computing explainer - concise comparison
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Useful applications need
more than Powerful hardware
Read the applimtion and its evidence

Classical HPC

g Established simulation and
T data-analﬂsis workloads

______ Weather, biology, engineering

| | Quantum research
== Molecules, materials and
selected optimisation tasks
Potential must be demonstrated

What must be checked?
Suitable algori’chm . reliable results

Noise and ervors - classical (:omparison

_A promisin5 use case is not 5&1: proo{-‘

of useful quantum aﬁlvanfaﬂe,.

Sources: National Supercomputing Mission; NIST; |IBM fault-tolerance explainer
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Four exam.’cmps
to avoid

1. Machine type
PARAM Rudra is classical HPC.J

\

~ :
2. Location versus access

Cloud access does not prove
_ a local machine is installed.
,, )

3. Plans versus results

A foundation stone is not
a commissioned computer.

\
(4 Performance claims

More qubits alone do not prove
1 useful quantum advantage.
W

[ Always ask: which machine, ]

W

.

~

J

which fask, and what evidence?

Sources: PIB [ MeitY; IBM, February 2026; NIST - evidence-check recap
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DAY 5 - ToPIC 4% - 1/7
Fission splits. Fusion joins.

Energy is released as Proalucts become wmove
tightly bound.

(FISSION ‘

% @ Neutrons

/ can

@ (ause
&\ further

U-235 1 @ fissions

A heavy nucleus splits into lighter Fmgments.
LAbout 200 MeV per fission.

FUSION: D + T 1
w+H—8¥ -+ o
D T He-4 neutron
D+ T— He-4 + neutron + 17.6 MeV
Fusion needs very hot Flasma. J

Schematic nuclei.
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Tnside a fission reactor
Moderator, coolant and control rods have different

Jobs.
 Fuel

Fission releases heat.
Uranium oxide is a Common

k fuel.
' Moderator

Slows neutrons. Thermal
reactors need one.

_rControl rods

Absorb neutrons to control
or stop the chain reaction. |

i
o

=y

=

Coolant carries heat away
Reflector: returns escaping neutrons

| Shielding: protects people from radiation

Sources: US DOE; US NRC | Simplified reactor component functions
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PWR: heat moves

between separate cirenits.

Pressurised water reactor - simplified operating cﬂcle

Primary - Secondary
Reactor generator Turbine

Back to index

L

s i | - .
=L z
LWL E I
TRNEL LS -
"1} = R E
o J B

High pressure:
water stays liquial

The water does not mix.

Sources: US DOE - US NRC | Simplified PWR, normal operation; not to scale

lHeat crosses the tubes. }
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Reactor tgpes: compare the water

Ligh’c water = ordinarg water. Heavg water = D,0.

| Type | Moderator Coolant
PHWR | Heavy water Heavy water

BWR Light water Light water
PWR Light water Light water

=

FBR None Liquid sodium™
AHWR | Heavy water Boiling light
L water |

BWR: steam forms in the reactor core.
PWR: steam forms in a separate circuit.

*ndian PFBR coolant. Fast reactors have no
moderator. AHWR is a design.

Sources: US DOE; BARC AHWR; NPCIL reactor fleet
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DAY 5 - TOPIC 4% - 5/%
Fissile, fertile and critical

These terms describe fuel and chain-reaction
behaviour.

Fissile
Can sustain a thermal-neutron fission chain
L reaction: U-235, U-233, Pu-239.

Fertile

Can become fissile after neutron absorption and,
where needed, radioactive decay.

U-238 - Pu-239
Th-232 > U-233

J
~

Critical = self-sustaining

PFBR, Kalpakkam: 500 MWe
First criticality: 6 April 2026
| This is not a commercial-operation date.

IAS WITH DR RAVI
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DAY 5 - TOPIC 4% - 6/?
ITER: fusion in & magnetic ring.

A tokamak confines hot plasma away from its walls.

 Goal: Q = 10
500 MW fusion power + 50 MW plasma. heating.
 This is plasma gain, not net electricity. )

France - F members, including India.

ITER will not aenerate e.lec{:ric.i‘cg.
_ India supplied the cryostat.

Baums: ITER overview and India contributions; ITER-India 1
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Small modular reactors

Fac’corg-maole. components are assembled at the

site.

~

-

i

~

»

-

—

ll

~

>

7

X

il

_'\

J

‘Up to 300 MWe per unit

MWe = electrical power
- MWth = thermal power

I\

India’s olesigns
BSMR-200: 220 MWe, PWR

SMR-55: 55 MWe, PWR
HTGCR: up to 5 MWth for hydrogen

Nuclear Energy Mission: 20,000 crore; at 1
least 5 indigenous SMRs by 2033 is a goal.

Sources: |AEA SMR explainer; DAE parliamentary reply, 5 Aug 2026

IIIIIIIIIIIIIIIIIII
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BHASHINI: language as access

National Language Translation Mission (NLTM)
Ministry: Electronics and Information Technology (MeitY)
Digital India BHASHINI Division, under Digital India Corporation

Purpose: digital information and services in Indian languages

e
0
2
0

Voice access can reduce language and literacy barriers

IAS WITH DR RAVI DAY 6 | TOPIC57 | 1/6
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Speech to speech: 3 steps

o ASR: speech - text

2 Translation: source text — target-language text

0 TTS: text — speech

'ﬂ&@

Translation

Telugu English
Telugu speech text text English speech

a. | . ASR and TTS do not translate by themselves

]]]I IAS WITH DR RAVI DAY 6 | TOPICS7 | 2/6
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Different tools, different jobs
© Asr &) 1TS

Spoken words = digital text Digital text = spoken words

® [ ] ®
9 Translation . Transliteration
Meaning expressed in another language Same word in another script
Language A A Language B Script A Script B
C— — ————— ;
; ; ’

O ocr

OCR reads text from an image; it is not speech recognition

F = e - 1
_— 1
—— e v
——— =
" - N

— i

— —

—

]]]I IAS WITH DR RAVI DAY 6 | TOPIC57 | 3/6
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BhashaDaan: build -+
language data

People contribute examples and check others’ work.

SunoIndia Bolo India
Transcribe audio or Record speech or
check a transcript check a recording

L
Likho India ¢ DekhoIndia
Translate text or “m4  Typeimage text
check a translation ~ orlabel images

Language datasets
Diverse, checked examples support better language tools.

]]]I IAS WITH DR RAVI
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A real example: Hindi - Tamil 57-5/6

o Kashi Tamil Sangamam 2.0, 2023

BHASHINI supported real-time translation
of the Prime Minister’s Hindi address into Tamil

address e audio
- 1 ))) | 7 - )))
' 1 /

o The point: listeners could follow
in their own language

| llustrative |
9 lilustrative public-service use: ‘ ))) Siflefiin;
understand an announcement e lamen

in a familiar language _ lu

. Translation changes language, |
““" not the underlying service rules N | —

IAS WITH DR RAVI

DAY 6 | TOPIC57 | 5/6
AIM. PREPARE. ACHIEVE

IAS with Dr Ravi | iaswithdrravi.com

55



DAY 06 | TOPIC 57 | VISUAL 6 Back to index

Useful technology, ::.¢5
checked meaning

o Noise and accents can affect speech recognition

o Names and technical terms need care
o Translation can lose context or nuance

Check important dates, amounts and instructions
o Human review matters for consequential information
o Digital inclusion also needs access and digital skills

N—

o Capture clearly e Compare meaning ::;i:gl;mwtant

]]]I IAS WITH DR RAVI DAY 6 | TOPIC57 | 6/6
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The three secu.ritg_goaﬁ

Comciden’ciali’cg keeps information from unauthorised disclosure.

In’l:e.ﬁritﬂ prote,cts it from unauthorised alteration or destruction.
Availabili’cg keeps information and services usable when needed.
Cﬂbersecuri,tg protects devices, networks and information togaf:her-

A SHstem can fail one 350.[ even when the other two appear secure.

| Confidentiality

keeps information
from unauthorised
disclosure.

f Integrity | L Availabilitg}

— Profecis it from
unauthorised

I keeps information

—p and services
_:o alteration or usable when
destruction. needed.
IAS WITH DR RAVI @iaswithdrravi
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Malware behaves diFF&renﬂg_

Malware can damage systems, steal information or deny
access. Some tgpes spread bg 'mFe,ct'mg host programs ;
others replicate indapandenttﬂ. Ransomware blocks access
or threatens disclosure. Sptdwa.re. ga.’chars information,,
and kelélo%e,rs record ketéstrokes. Recognismg the behaviour
helps select a suitable defensive response.

IAS WITH DR RAV1 @iaswithdrravi
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When the tarﬂe,t is trust

Plaislnln.g uses deceptive messages or websites.

Spear phi.sh'mg targets a specific person; wha[in.a

tarﬂets senior leaders.

Vislainﬁ uses voice, and smishing uses text messages.

Social engineering exploits human trust.

A claim of "diﬂita[ arrest” bH phonﬁ or Video is a cgber-{raud

warninﬁ sign-

ace

. cious sender |
From: Suspicious S fy your accourt | BankAlert

Subjeck: Urgent: Vert |
Your accownt will be SMPE“M \ Your account (s

Hon 24 hours. ; at risk. Updat
“&E the link below o ue.r'ﬁlé now to ayoid ’

and. keep your 0CesS: closure.
Unverified [ink

Email / Web Voice ( Vishing) Text (Smishing)

\ y /

Social engineering
IAS WITH DR RAV1 @iaswithdrravi
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Attacks on sgstem,s and data

DoS disrupts access to a service; DDoS uses many hosts.

A man-in-the-middle attack intercepts or alters communication.
SQL injection manipulates the application-database interaction.
A zeroﬂdmj attack exploits a previouslg unknown vuln&mbili’cg.

These attacks use different mechanisms, so one defence cannot
cover every risk .

DoS / DDoS Man-in-the-middle attack

SQAL injection Z&ro—daﬁ attack

s \ . = —
=", & Z§|~=¢
— —-:-‘@—» - = 0’
s ,
Application Database i:cktr::i ?ﬁt After patch
IAS WITH DR RAVI @iaswithdrravi
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Build several layers of defence

A firewall controls network access, antivirus detects malicious
software, and encryption protects data. in transit. Backups support
recovery. Multi-factor authentication combines different factors:
something you know, have or are. Two passwords are still one
factor type. These controls complement one ancther rather than

re;Pla.cinﬂ one another.

Antivirus
£ detects malicins  Encryption
, software / protects data

in transit

Firewall
controls network

Backups
support

Multi-factor authentication combines different factors:

' )

' T Y
Something you know Something you have Something you are

=) L n

k: J

-

Two passwords are still one factor tﬂpe.

These controls complement one another rather than rep!acinﬂ one another.
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Choose the right response
CERT-In handles cgb&r-i.ncid.ent response.

NCIIPC protects critical information infrastructure.

I4C coordinates cybercrime responses, while State and Union
Territory police investigate offences.

For financial cyber-fraud, report promp’clﬁ ’chraugh 1930 or

cy bercrime. gov. n.

Chakshu handles suspected fraudulent communications.
Different problems lead to different reporﬁnﬂ routes.

Cgbercrime - [4C + POU.C& Suspicious communication = Chakshu

J N\ v,

IAS WITH DR RAV1 @iaswithdrravi
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CERT-In: the six-hour rule

The 28 April 2022 directions a.pp[g to covered organtsaﬁcms
and listed incidents.

Report within 6 hours of noticing an incident or be.ing informed
of it. Send available information first and supp'.emmt it.
The directions rest on section 70B(6); thebt are not a deadline

for every citizen complaint.

T 1T Act, \
section ?05(6).

informed of details [

Noticed orw within 6 hours ( Tnitial. Further
an incident

4

= i
S
<
e
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PoLLcH, law and treaties

[ndia’'s 2013 cgberﬂsecuritﬂ Pol,ictd is a framework; the IT Act

supplies Laﬁal powers. The Budapest and UN cybercrime conventions
are separate treaties. India 5i3mcl the UN Convention on 25 September
2026. Siﬂna.’cure is not ratification. The UN trmtﬁ enters into force
90 daﬂs after the 40th ratification, acceptance, approval or accession

instrument .

[ POL'LC.H_ } ( Domestic law ] { International freai'iesj

for national

ctdber—securitﬁ. treaties.

Provides a framework ] I Suppﬁe.s 1 [ Sr.apamtz

Le.ga.l powers.

India sigmd —
25 Septambar 2026.

Signature 40 gmiifﬂing instruments
> 2% =
[:,é mtiﬁcatinnJ + 90 days — ?amml

orce.

E.i'ltl"!j into

) -
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India’s three-stage nuclear plan

o
Hw Fuel bundle
P R . {natulrsl uranium) -
. T Oullet
e Natural uranium mﬁmr -5 —_—— sy heavy water
e Heavy water: moderator + (coolant) e il
coolant 15
Pressure tube
L (fuel channel) Sehematic (not to scale) |

Plutonium recovered from spent fuel ]

¥ ,

€©) FAST BREEDER i
Liquid sodiumeri 8 — s Liquid sodiium
e Uranium—plutonium fuel ot 111l - s
*» Liquid sodium coolant;
no moderator Y -
Core Blanket
{uranium—plutonium fuel) {uranium for breeding)

L Schematic {not fo scale) y

[ Build fissile fuel; enable thorium use ]

W .
o THORIUM PATHWAY

* Thorium-232 = uranium-233

e Thorium is fertile; uranium-233

is fissile Thorium-232 Thorium-233 Protactinium-233 Uranium-233
{fertile) (intermediate) (intermediate) (fissile)

Sefermatic (raof fo scale)

-

Stage 3 is a development pathway, not a commercial thorium fleet.
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InSIe a breeder: fuel and blanket

, Conceptua] schemat;cfuel forms are tl]ustratwe not to scale

PFBR core: uranium-
plutonium mixed oxide (MOX)

Uranium-238 blanket

Breeding new fissile fuel
Uranium-238 Plutonium-239
(U-238) (Pu-239)

Uranium-238 — plutonium-239

\Coolant: liquid sodium

@ No moderator

PFBR: mixed oxide fuel FBTR: mixed carbide fuel =~ KAMINI: uranium-233 fuel

e Uranium-plutonium ® Uranium-plutonium o Uranium-233 fuel
mixed oxide (MOX) mixed carbide (MC)
e Small research reactor
e Fast breeder reactor ® Fast breeder test reactor : T ey
e Surrounded by uranium-238 ® Demonstrated breeder 2 UPPW'EISI O Sl oye
blanket to breed more fuel technology Keseare

Thorium is not the PFBR's present core fuel.
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Who does what in nuclear energy?
Institutions and roles

( RESEARCH AND DESIGN 1( A.ERB |
[ Safety
BARC %  IGCAR regulator
reactor design ok fast-reactor Respunsible
and research “e°1 B research;
" PFBR design to AEC

NPCIL

nuclear power

BHAVINI

wal PFBR and
i fast breeders

UCIL NEC Heavy Water Board | |\
uranium mining fuel assemblies heavy water
and processing

[ IGCAR designs. BHAVINI builds and operates. AERB regulates. ]
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Nuclear stations: names and States

Maharashtra  BWR + PHWR

Rawatbhata Rajasthan PHWR
Kalpakkam (MAPS) Tamil Nadu PHWR

-~ Narora Uttar Pradesh PHWR

Gujarat PHWR
Karnataka PHWR
Tamil Nadu PWR

NPCIL operating fleet » October 2026

24 units 8,780 MWe
20 PHWR + 2 BWR + 2 PWR

[ Kak]'apa]' = Gujarat I Kaiga = Karnataka ] PFBR is not included

in this NPCIL total.
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Criticality is a mllestone

Back to index

First criticality @ @
A self-sustaining controlled M Twofragments
chain reaction. g
Fissile nucleus o @ o
Released neutrons
Grid connection | a
Electricity first supplied |

to the grid.

{mechanical energy) (electrical energy)

9 Commercial operation

Plant enters commercial
O service.

" PFBR, Kalpakkam W Frer-
500 MWe desigpncapacity £ 6 April 2026

L9

o First criticality is distinct from commercial operation.
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C.V. Raman: light tells a story

DAY 8 « TOPIC 77 « 1/5
RAMAN EFFECT - 28 FEBRUARY 1928

At IACS, Calcutta, Raman and K.S. Krishnan observed a small fraction
of scattered light with a changed wavelength.

Most scattered light:
unchanged wavelength

NP Transmitted light
(unchanged wavelength)

Collimated slit b:.@r y s \z_* Small fraction:

monochromatic Transparent sample changed wavelength
light (green)

Indian Academy
: of Sciences
%, — Bangalore, 1934

| Indian Journal
L\ of Physics
— founded 1926

— ;} i) *} .-1 -

FEBRUARY

M o

\1 unmmsuancenm R 5 ¥
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J.C.Bose: waves and i lant growth
DAY 8 » TOPIC 77 » 2/5
MILLIMETRE WAVES }wo walls

Transmitter Detector + bell

1895 demonstration: 60 GHz over 23 metres, through two walls.
He developed millimetre-wave instruments and detectors.

CRESCOGRAPH

\]} r e Plant tip Magnifying lever Growthitraca

Magnifies tiny growth movements so plant responses to stimuli can be measured.

Presidency College, Calcutta- Bose Institute: FRS: 1920
taught physics founded 1917

Exam cue: J.C. Bose studied plants and radio waves; S.N. Bose developed quantum statistics.
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S.N. Bose: a new way to count

DAY 8 « TOPIC 77 » 3/5

1924 \
 Light quanta

s s Einstein

ZEITSCHR T Ir

g’:\:ﬁi_’l" __ FOR PHYsIg |
= T -

-l = ——

Bose derived Planck's law by a new counting of identical light quanta.

Einstein translated his paper and extended the method to atoms.

BOSE-EINSTEIN STATISTICS

Higher Higher
energy @ ® Extreme ENEIEY e - —
cooling

Lowest " vt OEEOOOES
owest _ 9 9 @ @ P Lo

Atoms spread across energy states Many occupy the lowest energy state

BOSE-EINSTEIN CONDENSATE
Conceptual diagram
® 1924 - @ 1995 - @® ﬁ% -
' obel Prize
Bose's paper Condensate first produced Carnall, Kethirle: arid Wisias

— a + H .
c 'Boson' was named by University o_f Dhaka:
@>°  Ppaul Dirac after Bose il SOENt psics,
- - S 1921-1945.

]ﬂl IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

IAS with Dr Ravi | iaswithdrravi.com
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Meghnad Saha: reading the stars

DAY 8 « TOPIC 77 « 4/5
THERMAL IONISATION - 1920

lonisation depends on temperature and electron density.
Saha’s equation helps explain stellar spectra.

P .
A g (¥
3 ~~ . Heating !
P Q) = @
<4 ' ; A \tleutral atom lon + free elaem'nrl/

Spectrum Clues to the stellar atmosphere

1949 — Founded

AR
Calendar Reform Committee: | .
Saha chaired it. '

11 Jan 1950 — Building inaugurated

National Saka calendar
in official use:

22 March 1957. Ili'\ =

1951 — Became autonomous

Now the Saha Institute of Nuclear Physics, Kolkata.
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Ramanujan: patterns in numbers
DAY 8 « TOPIC 77 « 5/5

E 1

1729 = 13+123 = 93'['103

The smallest positive integer expressible as the sum
of two positive integer cubes in two different ways.

- —

Infinite series « Partitions » Mock theta functions

,. PARTITIONS w
S o/l oY O I

4 3+1 2+2 2+1+1 1+1+1+1
A partition writes a positive integer as a sum of positive integers; order does not create a new partition.
L @
1913 - 1916 — 1918 -

Letter to G.H. Hardy Cambridge B.A. by research FRS and Fellow of Trinity College

TRINITY
COLLEGE |8
| CAMBRIDGE |§

He failed FA at Pachaiyappa'’s College; he later earned the Cambridge degree.

22 DECEMBER ¢ NATIONAL MATHEMATICS DAY
His birthday; 2012 was National Mathematics Year.
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NavlC: seven satellites in the desijg

NavIC = Navigation with 3 satellites in Geostatfomrj 4 satellites in Inclined
Indian Constellation; Earth Orbit (GEO) over Geosynchronous Orbit (16S0)
'Formerlj IRNSS. the equator. on two inclined planes
Designed with 7 satellites. (2 satellites per plane).

e e el S e i e el el M e

| Plane 1
I'(incﬁnaﬁun !
| 297)

|

Grouping schematic,
not orbital geometry

GEO and 1GSO satellites

Provides r‘eginnaf Coverage is over India are at about 36,000 km

navigation services, and about 1,500 km altitude (geosynchronous).

not global. beyond its boundary. No MEO satellites in the
base design.

The design count (7 satellites: 3 GEO + 4 1GS0) is distinct from the current working count.
@iaswithdrravi - Dayq - Topic 87 - 01/04
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Na.viga.‘l‘ion IS a {'iminﬂ_Problem

Satellite 4

Transmits Transmits N\ .'I Transmits /", Receiver does not
time signal \'\\ time signal \ | time signal ,;" Transmits  <ond any ranging
b M tz \‘\ [ b v ﬁ”et“ﬂ“d request. Satellites
N \ ,-" Pl ¥ transmit their
Travel time x speed . \ P time signals
of light = pseudorange Sk \,‘ Yy towards the
N # receiver.

P= (tmei\m = tfmmmif) XC

L -

v

Affected by satellite and

receiver clock errors

and signal delays.

Four satellites at
suitable positions

solve for four unknowns:
receiver position (x, Y, z)
and receiver clock offset
(At,).

7 2 Receiver & N
. obi (on Earth) |

"y

Atomic-clock precision Redundancy keeps satellites healthy  If no functioning clock
matters

o Each satellite carries multiple o Normal positioning
o Satellites carry highly clocks (redundant). signals are unavailable.
precise atomic clocks. e One failed redundant clock does o Messaging signals
o Acciirdte Hime < tnale not automatically disable the may still remain
J satellite. operational.

enable precise ranging
and reliable positioning.

Messaging

One failed redundant clock Positioning signals signals

Hnﬂvﬂilﬂble MH remain

does not disable the satellite.

Atomic clock
(in satellite) @iaswithdrravi - Dayd - Topic87 +02/04
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Signals, services and the new generation

Navigation payload
(transmits LF;:HS and L1)

Solar panel
(generates power)

Satellite bus
(controls, power, data handling)

./ -; .-., ) High smn antenna
SPS: open civilian g oo I -4--"'"--_ (services to Earth)
service o — oy Y
' S: encrypted,
. hm{!able. for all authorisetft USErs
civilian users
RN < * Encrypted and
" ::ﬂ;::;f :,T{mng’ - S L1 restricted access
timing (PNT) (civilian, added in NVS) & Fm[ authorised users
- g o — on
\\..\‘ ™ T S/ ?

- Félrs{'-genara+lan SPS and RS ba’ch use L5 and 5 5

First generation (IRNSS) NVS generation NVS launch details
o Transmits L5 + 5 signals * Adds L1 civilian signal
> along with L5 + 5 w
%o - S NVS-01 NVS-02
_lf T | « Launch vehicle: GSLV-F12 » Launch vehicle: GSLV-F15
“3 ¢ Date: 29 May 2023+ Date: 29 January 2025
» Indigenous + Orbit-raising failed
L5 S L5 (ci,!,‘;l]i“l rubidium clock « Planned final orbit
added in NVS) not reached
Signal frequencies Accuracy specification
'S e Position better than 20 m (20)
L5 = 1176.45 MHz | o This is a specification and

not a guarantee Fnr every fix.
S = 2492.028 MHz (ISRO SPS ICD, 2017) | -

L1 = 1575.42 MHz (added in NVS)

@iaswitthdravi » Dayd = Topic 87 « 03/04
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NaviC and GAGAN solve different problems

| NavIC |

—

Navigation with Indian
Constellation
Earlier name: IRNSS

* Independent regional navigation #
system deveiup:; by India.

e Uses its own satellites and
system time (IRNSS time). 4y f
* Provides positioning, navigation (1650)
and timing (PNT) services
in the 1113'19.!1 region.

(Uses (NaviC)

G2
(aE0)

miw

Eaﬁéo}

Yo

Gl
(ae0)

14

Land

(transport and
personal use) _

(mvigutiun use)

NavIC base design: 7 satelltes - grouping schematic l GAGAN l (GPS Aided Geo Augmented

Navigation)

« Satellite based augmentation system
for GPS.

* Developed join bH ISRO and
Airports Authority of India (AAI).

* Provides augmentation services to
improve GPS accuracy, integrity and
relia.hiiita for civil aviation.

GPS satellites
{Pflwid.l?- basic Sig,nllu

o TS oy

Improved accuracy,
integrity and reliability
{for civil o.-ur'md:im-ﬂi1

i i
IRNSS-11 NVS-01
(in uPr.rntinn) {in opt.rnt'ran}

i
IRN55-1B

(in uparal:inn]

Four satellites needed
for basic positioning

(development) {uemtinn)
’: Status snapshot (as on 29 July 2026) — PNT snte.llitas] R
| Three PNT satellites Stnndnl_una basic positioning Timing service  Multi-constellation
| are in operation requires four satellites is functional use is possible

‘..“_-' -

i L %
¥

i \
i [
¥

Can be used niong with
other navigation systems
(as on 29 July 2026)

Time service
is functional
(as on 29 July 2026)

(_ Note: All o?emﬁnnnl details are as on 29 Jul& 2026 and are not permanent. )

@iaswithdrravi - Day9 - Topic 87 - 04/04
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How the greenhouse effect works

Some heat
escapes to space

Some sunlight

/ is reflected 3. Greenhouse gases
absorb and re-emit
mﬁ'nrad in all directions

Atmosphere
1. Short-wave ?

sunligh‘l‘ warms “\‘\ Hnleculnr models are
i fe,
the surface m d’:) schematic; not to sca

co
\ {carbon :ioxida) (wa.fer mpour) { CH&MJ
2. Warm surface Some returns
/e:-:;fﬁsﬂﬁ:;g-wau & towards the surface

Heat loss slows; the surface
“ and lower atmosphere
‘; “;:‘- h-, bmme warmer.

- e 3 = '
-, "-""' e —_ — |
\L-;- = = 3 - S S
- - e = - |
. & - . P, Y b =

. - e

ol
" .

S

Natural effect: essential for life Enhanced effect: human activities

About —18°C -18°C add greenhouse gases

withont H:o-_} More CO,, CHs and other greenhouse gases
at?::{? -‘i-15 v from human activities - less heat initially
h:tlm l\l-ltl. 33°C escapes to space —» 3[ubal average
Warsmg?r_ Without With temperature rises.

gmnhuuse effect greenhouse effect

Nz, Oz and Ar are not significant greenhouse gases. Water vapour is the most abundant greenhouse gas.

Sources: NASA; IPCC Day 10 + Topic 96 - 01 « @iaswithdrravi
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Gases: sources, lifetimes & warming

3. N.O

CHq
(invisible gas)
K ) A

o o

e Fossil fuels, cement, deforestation

o Wetlands; livestock, rice, ian;:lﬁiils,

® GWPioo = 1 (reference) fuel leaks : Ee:t:!fers_, ji.(::;: .
o No single lifetime; some influence i A.buuf 40% natural / 60% human ® LF-F 1-I' # :mq :
persists for centuries fo millennia.  ® Lifetime = 11.8 years G i

o GWPioo: fossil 29.8; non-fossil 27.0 @ GWP1oo = 273

5. Water vapour & ozone

Ha0: most abundant; mainly  03: also a greenhouse gas;
a feedback, quickly cycles  tropospheric ozone warms.

‘i'hrough rain.
. Sunlight
Water (H:0) : _
(poiation) H“H‘ 05 (iropospheric)

e Industrial gases; high warming per unit mass

HFC-134a : 1,530 | 14 years
HFC-23  : 14,600 | 228 years

CF4 : 7,380 | 50,000 years G:ﬁ:: L:ﬁ:m
NFs 17,400
SF, : 24,300

b. GWP, COe and key takeaways

® GWP compares heat-trapping impact of equal
asses over o stated period. Here: 100 years, -
st 1 tonne N,0 x 273 = 273 tonnes C0,e
o CO,e = gas mass x GWP s s
o ‘1daae Nl +27% Honies C0se Equal integrated warming impact over 100 years

e CO, dominates through quantity and
persistence, not the highest GWP.

Pay 10 - Topic 96 - 02 - @iaswithdrravi
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Which gases do the treaties count?

= — o —
Kyoto Protocol - 1997 Doha Amendment - 2012
1. CO2 (carbon dioxide) . 1. CO: (carbon dioxide) |7 gd;epziber 2012
2. CHg4 (methane) g:?";:!::;:riu 2. CHs (methane)
3. N0 (nitrous oxide) n Annex A | 3. N,0 (nitrous oxide) > ::FPI;HEE?: the
> 013-
4. HFCs (hydrofluorocarbons) 4. HFCs (hydrofluorocarbons) commitment period
PEC ( } 5. PFCs (perfluoracarbons)
5. 5 erfluorocarbons . :
J 6. SFe (sulfur hexafluoride) \"" g?&i:::j;ﬁ;n
6. SFg (sulfur hexafluoride) 7 NF; (nitrogen trifluride)
- B e
Greenhouse effect Ozone depletion
Long-wave Absarbed by Re-emitted . Short-wave ultraviolet
infrared radiation  greenhouse gases in all directions, L\ sunlight (W) ,
from Earth's surface  (¢q, CO,, CHy, N0 trapping heat \\ \ ;”fﬁfrﬁ’ﬁ ;zm
.___._/--""J_-_ = S _— -
Z 0, 0s “-;:m- :

CFCs —> chlorine released —> ozone destroyed

releases chlorine Chlorine reacts with ozone,

in the stratosphere destmging it

These are different processes.

CFCs and HCFCs warm the climate AND deplete ozone; they are controlled under the Montreal Protocol, not Kyoto's gas list.
AR6 GWP100: CFC-11 6,230; CFC-12 12,500; HCFC-22 1,960.
Black carbo t
v P . . . - (s:o ? : Black carbon is soot
Water vapour and RO ( r LA v particles, an aerosol,

o : P ozone are greenhouse et o not a gas. It warms air
-y “t - gases but ?m not - and da?:kens Snow;
o ? | - on Kyoto's list. ﬁt: typically stays aloft
e ey PO S 3« 4-12 days.

Methane, ozone and black carbon are short-lived climate forcers.
Day 10 - Topic 96 - 03 - @iaswithdrravi
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Read the climate numbers correctly

Global annual averages 2024 (WMO) I(ee,lins Curve - Mauna Loa

L

CO, concentration

e
i

‘ # I E m Schematic, nat plotted
8 = lg y ohservations,

b 1958 —> present
1 ppm = 1,000 ppb Long-term rise + seasonal plant cycle.
One station's monthly reading is not the
CO; rose 3.5 ppm in one year, the largest global annual mean.

annual rise since modern measurements began.

Temperature above 1850-1900 average

2011-2020 2024 year: 2025 year:
decade: 1.55 + 0.13°C - 1.43 + 0.13°C -
=1.1°C - IPCC WMO WMO, March 2026

2025: second or third warmest, depending on dataset. 2015—2025 are the eleven warmest years.

Do not mix baselines: gases versus about 1750; warming versus 1850-1900.
A single year is not a long-term warming average.
Day 10 * Topic 96 - 04 - @iaswithdrravi
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Feedbacks, sinks & impacts

Forcing starts a change; feedback amplifies or reduces it.

Water vapour feedback Ice-albedo feedback Permafrost feedback

M » 5\*% / 3

Warming — more water Less ice — less reflected Thaw S Ohnd CH4
vapour —> stronger sunlight — more absorbed released = further
greenhouse effect. heat — warming. warming.
Ocean Sea level : Ice and extremes

Mg

S~
- -

e el - k- -3

~ - harr.r.m! xlr ﬁnsfﬁn + meltin : - .
Absorbs over 90% of excess land ice. d 5 Arctic sea-ice maximum in 2025
heat. Absorbed CO; also 1901-2018: +0.20 m. was the lowest recorded.
increases acidity. Rate: 2.65 mm/year (1993-2011)  Human-caused warming affects

— 4.75 mm/year (2012-2025). extremes in every region.

Carbon sinks

Carbon sinks remove CO;;
land and ocean absorb
roughly half of emissions.
Sequestration stores carbon.

Sources: IPCC ARG; WMO State of the Global Climate 2025 - Day 10 - Topic 96 - 05 - @iaswithdrravi
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Who emits? Keep the year & boundary

World - 2019 - IPCC

e 59 £ 6.6 Gt COze net human-caused

emissions

About 54% above 1990

Energy + industry + fransport + buildings: 79%
B Agriculture, forestry and other land use: 22%

= =3 BEE——— o Rounded shares; 1 Gt = 1 billion fonnes.

S —

= _H = = S

Tndia - 2022 inventory - First BTR
f 3,396 Mt COse ]

Emissions excluding LULUCF

l =572 Mt net removal
by LULUCF

[ 2,825 Mt CO,e ]
Net emissions including LULUCF

Rounded; totals use unrounded inventory data.

Imlia‘: shm'es excluding LULUCF
| Energy 73.38%

M Agriculture 15.00%

Industrial processes .
m % product use  8:86%
m Waste 2.76%

e LULUCF = land use, land-use change and forestry
e Emissions intensity of GDP fell 37.38% during 2005-2022

o India's BTR uses AR5 GWP factors; do not directly mix reporting bases.
Day 10 - Topic 96 - 06 - @iaswithdrravi
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Climate science: dates & changing metrics

@
24 o M =

1896 ¢

1958

1988

2007

2023

1824 - Fourier:

atmospheric warming idea

1896  Arrhenivs:

quantitative CO; warming
estimate

Assessment reports:

1990, 1995, 2001,
2007, 2013-14, 2021-23.

1958 - Keeling:
Mauna Loa measurements
begin

1988 + IPCC established
by WMO + UNEP

2007 - Nobel Peace Prize:
IPCC + Al Gore

2023 - AR6 completed;
ART cycle begins

100-year GWP  AR4 | AR5 | ARé6

CH4, non-fossil 25 | 28 [ 27.0 < Same gas, revised
.hiz 0 298 | 265 | 273 scientific estimate.
HFC-134a 1,430 | 1,300 | 1,530

NF; 17,200 | 16,100 | 17,400

SFe 22,800 | 23,500 | 24,300

€O, T I &8 T 3

Always state the time horizon and report. A question naming AR5 needs AR5 figures;
ARG is not a replacement for a required inventory convention.

IAS with Dr Ravi | iaswithdrravi.com
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Solar energy: two routes

€) PV: light - electricity @) Solar thermal: light — heat
3 u %ﬁﬁ’ﬁ}_ Hot water

e e S

Hot fluid iy cter tank (for direct use)

PV module
How a silicon solar cell works
Junction electri ld .
s il W D mari 3 Cotacts colect charges
near the p-n junction. *. Photon (electrons to n=-side, cartics TC.
(hv)  holes to p-side). o . . .
n-type silicon = | — -
(thin, electron r:ch}-.\\‘h . ‘g‘ 7 4 mg:ferg );'IIHIMH.H"I

p-n junction _.____\‘m‘ ¥

ks = to create an electron-hole pair.
(built-in electric field) i ey A i

iti ! DC circuit
p-type silicon _——7 .
(thick, hole rich) - _ | (external load)
Back contact
(p-side)

_‘#—;‘. .

. g i e
Wp: rated peak power under standard test conditions Single-junction theoretical limit 3385 tondum til con cicond
1839 Becquerel: =5 1954 Bell Labs: = 1 Vanquard 1:
PV effect. ' practical silicon cell. ' 958 saln? in space.

Day 10 « Topic 97 « 1/7 + @iaswithdrravi
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PV cells: materials matter

1. Crystalline silicon 2. Thin films
Mono: one crystal; Poly: many crystals; a=Si: non-crystalline ~ CdTe: cadmium  CIGS: capper—indium—
high afﬁciencg. lower EFFiciencﬂ. silicon. telluride. gallium~diselenide.

5i[|my| dgminatgs mass pmductlon Less mnterial; CdTe is the lmding thin-ﬁlm PV.

3. Perovskite 4. Tandem / multi-junction
-
G 4 Perovskite thin fil Shorter Longer -
I 4 @ A-site d;z:ista:i on ::abstr’:te, wavelengths wavefimgths thndam two bandgaps.
- Bk 659 (blue, green) (ved, near-iR)  Different layers harvest
@ Bte(®, { . different wavelengths.
@ Xesite (LBrC) Yaadu ] R
= —H g Pe.rwsklte | %) 3 T o i
(top cell) — LN v

ABX, perovskite Fs S o :
crystal struchire. (bottom cell) SR N SER PR = 111 multi-junction:

costly; useful in space.

Dye layer

5. Emerging choices

(absorbs light) -
Organic: e Dye-sensitised:
fggbﬂn‘ﬂch; i F“'“;&EGE dye absorbs light.
flexible, lower _SSNVAN) U7 | itels: ot | soa
ﬂfﬁciencH. = ._ £k ; /. [;.' d-_-'t ¥~ (lass substrate

6. Lab records * Fraunhofer, 14 Jul 2026 i
Mono-Si CdTe ClGs Perowskite  Perovskite-Si  ITI-V multi-junction | CPV = concentrated
il light on & PV cell

smgEmm -,

28.1% 21.0% 23.4% 26.9% 35.2% 47.6%* o
CPV is photovoltaic;

# High concentration; records are not retail-module efficiencies. €SP uses heat.

Day 10 » Topic 9% « 2/% » @iaswithdrravi
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Betler cells, smarter systems

PERC TOPCon

Heterojunction

Bifacial it liaht
(fmnt?

Rear passwahon Thin tunnel oxide + Crystalline Si + %Reﬂected light
cuts recombination passivated contact thin amorphous Si " o ti%s (rear)
Contact/passivation designs; bif:da{ describes two-sided collection. ‘Both faces collect light.
Dust / shade Reflection Grid_mmgctgd
reduce incoming Iighf loses {'ight ¥ Heat lowers ol
ﬂ wltnge and output :

Recombination |
loses carriers

EffICIEﬂCH = EEEG{W-OH.' outpuf = incident solar FOWGI'. Net mtenng is l”"mﬁr not gngrgg Stumge

Optional battery: electricity after sunset

\"'— Tm.-:kers fo!lm i:he sun; muntmg chaice deperds on 'Hm 5|te.
Day 10 » Topic 47 » 3/7 + @iaswithdrravi

IAS with Dr Ravi | iaswithdrravi.com 88



DAY 10 | TOPIC 97 | VISUAL 4 Back to index

IAS WITH DR RAVI

AIH, PREPARE, ACHIEVE

Solar thermal: heat put to work

Flat plate: absorber heats fluid Evacuated tube: vacuum reduces heat loss

- (romtank) ety
Water heating and process heat need no electricity-generation step. tube (heats fid)
Concentrating cooker: needs direct sunlight
St O\ o
g D

o

Solar still T | Salinity-gradient: solar pond
Evaporation - condensation — collection ' .

A

Solar thermal includes cooking, drying, distillation and. water heating.

Day 10 » Topic 97 = 4/7 + @iaswithdrravi
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CSP: four ways to focus

i Pﬂl"ﬂbﬂllﬁ- muﬂh Receiver tube 2. Linear FFESM!. Eﬁuﬁﬁﬁﬁd
Parallel — 5 / (with heat tranfer fluid)  prgllel (with heat transfer fluid)
Sun rays [ ~"

(from sun) . Q (from sun) N T 4
f % = ST TR WS S o o
5 | - - TV L - =
g Lmt. Focus tube moves mth mirror.
3. Solar tower Receiver ot
f (wrﬂamht':rw&rﬁud)

Parallel
sun rays
(from sun)

Pamt -Focus helmstats track the anl Pomt 'Fm:us hea\‘:ed gas dnves an angme
Usually H, or He « about 3-25 kW.
Typical bmgh/ﬁtsml / tower route
Steam generator
Recier (hest cichr egu:lwger) T

| Heat released later

onal molta-sa
?\Pfat Forf:mﬁol: after sunset
Wuse.sdnred:a-d#u& hght PV: optional battery storage;
CSP needs strong direct sunlight. CSP: optional thermal storage.

Day 10 « Topic 97 » 5/7 + @iaswithdrravi
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India: capacity and resource
Installed solar « 30 September 2026 (MNRE)

171 05 GW

Ground-mounted T ¢ Off-grid
125.65 GW rid: solar pa :
( 41 5366w e
N s \

Leadmg states e solar GW Most of India: 4-7 kwhfm’/dag
Rajﬂs'thﬂﬂ 4512 - NISE ﬂ.‘ESBﬁSSd
Gujarat potential:
Maharashtra / ot 745 oW
Tamil Nadu y
C=Y Assumes PV oon 3%
Karnataka of wasteland; potential
_is not installed
Andhra Pradesh capm'rtﬂ or a target.

Omkareshwar, Madhya Pradesh
Commissioning smpshat 4 Jan 2025: 278 MW commissioned of plemned 600 MW

Air mu[ing

r'[ (From wind)

o~ Water coall'n;
: (from reservoir)

1 GW = 1,000 MW = Cnpacl'tg is not annual generation.
Day 10 + Topic 97 + 6/7 + @iaswithdrravi
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hﬁmmﬂ@gmﬂgwwﬂgsdw

Poigsiliwn

Ingot

Wafer

Cell
Domestic manufacturing ¢ 30 Jun 2025

Modules ~91 GW/year » Cells ~27 GW/year

y ~——> Strong
Ingots / wafers ~2 GW = No commercial polysilicon production

'h
\
N

module assembly;
ups‘trmm import dependence.
List-1: models +

/-List II: models +
Y makers of cells

High-efficiency
/.

mm&ctunhg m.mtr.rs

g ?24 000 crore
] -:_f. il total outlay
— $ 34,500 cr +
¥l = %14,500 cr
aibility lsts for RIS I = A
Ei?.rf.m :vjse:t: L e /Pmd for 5 years
i | _ after commisgioning.
L @ @ —@ @ >
2019 2021 2022 2025 2026
ALMM Order List-1 modules; PLI-II; List-II cells Updated
PLI-I E-Waste Rules capacity snapshot
— ] & Glass
' Solar modules, panels and cells
> r“"*’“’“‘“‘““*“w ‘ ; ol under E-vaste Rules, 2022.
_ = !~rg-"ﬁtllcm cells + metals

tsfratqon, storage, returns
ALMM = approved list o PLI = manufacturing incentive
Da

mo.terml recovery duties.
y 10 « Topic 97 « /7 + @iaswithdrravi
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UNFCCC: THE CLIMATE FRAMEWORK

A parent treaty for global climate action

THE FOUNDATIONS PRINCIPLES * ARTICLE 3
IPCC: set up in 1988; assesses Equity and CBDR-RC: common but
climate science. differentiated responsibilities and
UNFCCC: countries negotiate and act respective capabilities.
through the treaty. All share respensibility; developed
Greenhouse gases absorb Earth's countries should lead.
outgoing long-wave radiation. Precaution: lack of full scientific certum{'g
should not ﬁfia?‘ action against serious
r irreversible harm.
DATES To KEEP SEPARATE ’
THREE COUNTRY GROUPS
9 May 1992: adopted in New York Annex I: industrialised countries and
June 1992: opened for signature economies in transition; specific emissions
at Rio Earth Summit and sink commitments.
21 March 1994: entered into force » Annex II: developed-country subset of Annex I;
finance and technology support for developing
countries.

OBJECTIVE + ARTICLE 2 » Non-Annex I: mostly developing countries,

including India.

Stabilise greenhouse-gas concentrations

h{ prevent Idangemus human interference CONVENTION BODIES
with the climate system. COP < Article 7: supreme decision- -making body

Allow ecosystems to adapt, protect food . Secretariat « Article 8: organises meetings; Bonn
production and enable sustainable SBSTA » Article 9: scientific and fechnical advice
develupmen’t. SBI » Article 10: implementation review

Treaty architecture: UNFCCC = Kyoto Protocol + Paris Agreement
Source: UNFCCC tfreaty, Articles 2-10
iaswithdrravi.com
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KYOTO: TARGETS & CARBON MARKETS

o Binding targets for dwaluped-countrg Parties

THE KEY DATES TﬂRﬁETS ARE DIFFERENTIATED ENTRY INTO FORCE « ARTICLE 25
Adopted: 11 December 1947  COP3, Kyoto | First period: 2008-2012 | [ At least 55 Convention Parties,
TR 16 Febrinr 2005 Collective cut: af least 5% below 1990 including Annex I Parties accounting
: 4 emissions. for at least 55% of Amnex 1 CO,
Parties meet as the CMP Annex B sets individual targets; every emissions in 1990.
country does not have the same cut. e |

Example: EU 92 = 8% below base year;
Australia 108 = 8% above.

Indm had no Annex B fnrge.t

THREE FLEXIBLE MECHMISHS
EMISSIONS TRADING « Article 17

Ann&x B Partms {‘ml.t nssrgm-ed amount units (MUS}
CLEAN DEVELOPMENT MECHANISM = Article 12

?raject ina mn-ﬁmnex I coun‘irg —» cr.rhﬂed emission rtducfmns (CERs).
Supports sustainable development and helps Annex T compliance.

JOINT 1HPLEMEHTATI#H « Article 6

FrﬂJtr.f in an ﬁmnex I cnunl*rg —r  emission udut.tmn mirts {EEU;} Fnr ancther Annex T Party,
Market mechanisms supplement domestic action.

POHA AMENDMENT REMEMBER THE DISTINCTION

Adopted: 8 December 2012 Kyoto Article & = Joint Implementation

Second period: 2013-2020; at least 18% collective cut below 1990. Paris Article 6 = cooperative approaches

Entered into force: 31 December 2020. US signed Kyoto but never ratified; Canada later withdrew.
Six original gases: Oz, CHa, N0, HFCs, PFCs, SFe. Adaptation Fund: adaptation support, originally funded
Poha added NF; as the swei’h. B mainly from CDM proceeds.

Source: Kyate Protocel and Doha Amendment
inswithdrravi.com
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PARIS: THE AMBITION CYCLE

—

All Partles contribute through natmﬁm' plans

Adopted: 12 December 2015 « COP21, Paris
In force: 4 November 2016 « Parties meet as CMA

Back to index
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THREE GOALS * ARTICLE 2

. Hold warming well below 2°C and pursue
efforts to limit it to 1.5°C above
pre-industrial levels.

Strengthen adaptation and climate
resilience.

Align finance with low-emission,
climate-resilient development.

2.
3.

THE FIVE-YEAR AMBITION CYCLE

NDCs « Article 4 = Transparency « Article 13 - Global stocktake + Article 14 —> stronger NDCs

ARTICLE 4 « NATIONAL PLANS

e Each Pa.rfy prepares, communicates
and maintains successive nationally
determined contributions.

o Communicate an NDC every
five years.

® Each should progress beyond
the last and reflect highest
possible ambition.

£

Article 4

Article 14

o Assesses collective pmgress, nta = ;'—'

country ranking. =
e First concluded at COP28 in 2023; %_ﬁ;_ .. e —

every five years thereafter.
o Its ﬁndin%s inform the next
national plans.

Seurce: Paris Agreement, Articles 2, 4, 6, 13, 14, 21, 28

IAS with Dr Ravi | iaswithdrravi.com

r T,

NDCs

\

‘---"fﬁ-» &/

S
%;f

ARTICLE I3 » TRANSPARENCY

e Reports track emissions, NDC
progress and support.

e BTRs ‘Penamlly every two years:
first due 31 December 2024;
second due 31 December 2026,

o Least developed countries and small
island developing States may report
at their discretion.

® Repurtmg obligations differ by subject
and Party category; capacity-related

£ 'ﬂi?-xllﬂlllf'r applies.
& Transpa

' ARTICLE 6 + COOPERATION
e 6.2: internationally transferred
mitigation outcomes

o b.4: Paris Agreement Crediting
Mechanism

® 6.8: non-market approaches

Artmle 13

,- TWO LEGAL DETAILS

2 @ Entry into force: 55 Parties + 55%
ks, of global greenhouse-gas emissions.

e Withdrawal: notice after three years
- of membership; effective one year
after receipt.

iaswithdrravi.com
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CLIMATE DIPLOMACY: FINANCE &

Adaptation, loss and damage, and shared responsibility

FINANCE - PARIS ARTICLE 9 LOSS AND DAMAGE + ARTICLE 8
Developed countries shall provide finance Addresses harm associated with climate impacts.
for developing countries' mitigation 0 COP19, Warsaw 2013:
and ﬂdﬂF‘tﬂ‘tiﬂn. Wo.rsaw International Mechanism
Others are encouraged to contribute () COP27, Sharm el-Sheikh 2022:
vﬂlun'l':irill:j. fund agreed
() COP28, Dubai 2023:
THE FINANCE LADDER fund npemtlanaltsed first global stocktake
concluded
O COP15, Copenhagen 2009: COP26, GLASGOW 2021
USD 100 billion & year bﬂ 2020 ﬂoﬂL Accelerate phase-down of UNABATED coal power

and phase-out of inefficient fossil-fuel subsidies.

(O COP16, Cancin 2010:

recognised the goal; established INDIA’S TREATY POSITION
Green Climate Fund. Non-Annex I Party; no Kyoto Annex B target.
Kyoto accession: 26 August 2002
() COP29, Baku 2024: Doha acceptance: 8 August 2017

Paris ratification: 2 October 2016

at least US.D 300 bi"i.m ayear blﬂ 2035 Long-term net-zero gual: 2070 v-lio
for developing countries. il
Also calls on all actors to scale finance STATUS AS OF - 16 OCTOBER 2026

¢ to USD 1.3 trillion a year b'.‘! 2035. O US Paris withdrawal effective: 27 January 2026.

O US UNFCCC withdrawal takes effect: 27 February 2027;
it remains a Convention Party until then.

(O COP30: Belém, Brazil, 2025.

O COP31 is UPCOMING: Antalya, Tiirkiye, 9-20 November 2026,
Tiirkiye hosts; Australia’s Chris Bowen leads negotiations.

¢y COP32: Ethiopia, 2027.

REVISION LINK

UNFCCL = framework - Kyoto = differentiated binding targets
Paris = national contributions, transparency and rising ambition

Sources: UNFCCC; UN treaty depositary
iaswithdrravi.com
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NATIONAL SOLAR MISSION: THE ORIGIN

[ NAPCC - 2008 | €
National Action Plan on Climate Change: |
eight National Missions; Solar is the first. ;
EIGHT NATIONAL MISSIONS ) e NN Y

Enhanced S
Eolar [Energy Ef‘Fmanc_y] (‘11 JANUARY 2010 ]
ihirt) Saaihd o Jawaharlal Nehru National
Solar Mission (JNNSM),
Strategic Knowledge NAPCC Water launched ul:'idler MNRE.
for Climate Change 2008 [ : (MNRE = Mlms’crg of New
and Renewable Energy)
e Objective: establish India

Sustainable Sustaining the | lobal leader in
A;rE::tT’?ureq W @ﬂ'ﬂrﬂ" Eaﬁrﬂ“y | solar energy. 5
L ) [ORIGINAL TARGET |
20,000 MW = 20 GW
( THREE PHASES | by 2021-22.
Phase 1: Phase 2: Phase 3:
2010-2013 2013-2017 2017-2022
y

Phase 1 grid-connected

target: 1,100 MW
by 2013.

(EARLY TECHNICAL GOALS |  {R&*

NAPCC gmls up to 2017 included at least _' [ s
1,000 MW concentrating solar power Concentrating solar power ”

and local PV production of 1,000 MW a year. sclar vower) UNIT CHECK
1 GW = 1,000 MW.

@iaswithdrravi - Day 12 + Topic 117 - 1/9
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20 GW — 100 GW: TARGET vs RESULT

(17 JUNE 2015 - CABINET REVISION |

e Original 20 GW target increased fivefold
to 100 GW by 2022.
e 100 GW = 1,00,000 MW

( TARGET SPLIT |
40 GW 60 GW
rooF’caF solar large / medium g:rist-cannecte.d projects
\ )

[Estima.’cad investment: about ¥ 6,00,000 crore. ]

( WHAT ACTUALLY HAPPENED |
30 June 2023 31 January 2025 30 September 2026

17 June 2015 2022
Cabinet revision Tarﬁe,i: date
- A + + +___)

Q Q
Target increased 100 GW target About 70.10 GW 100.33 GW 171.05 GW
from 20 GW to was not reached, installed solar, installed solar, installed solar.

reported by MNRE/PIB

100 GW by 2022.
on 7 Fe.bruarﬂ 2025.

[ Target date = 2022 ] Dated observation above 100 GW Capacity snapshot
— 31 January 2025 - 30 Szptamber 2026

( KEY TAKEAWAYS |
® Rooﬂup solar was the main source of the shortfall against the 2022 target.

e 30 Septembar 2026 rauF{'op capacity: 33.41 GW.
® The observation date does not prove the exact day the 100 GW threshold was crossed.

@iaswithdrravi - Day 12 - Topic 117 - 2/9
98

IAS with Dr Ravi | iaswithdrravi.com



DAY 12 | TOPIC 117 | VISUAL 3

Back to index

IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

Day 12 - Topic 117 -

3/9

2030 TARGETS: WHAT DOES 50% MEAN?

( PANCHAMRIT - COP26, 1 NOVEMBER 2021 |

1. Non-fossil energy mpncityﬁ
500 GW by 2030.

|

2. Renewable energy

50% of energy - ..
re.quirt.mentﬁ ;
by 2030_. :

(3. Cut projected
carbon emissions

P by 1 billion tonnes £ =
- . up to 2030. -

e A
4. Cut emissions

intensity of GDP

=

mbaut 50% of cumulative installed
electric power capacity from non-fossil
sources by 2030.

® Emissions intensity of GDP: 45% below
2005 by 2030.

CLEAN
by 45% from 2005 = = EHERAY
by 2030. e SUSTAINABLE

| |]|\"‘]EI INDIA "

(_LUPDATED NDC - AUGUST 2022 |

/=

((TWO DIFFERENT DENOMINATORS |

[« Panchamrit: energy rzquiramant5_+-_q'l

renewable energy.
e NDC: installed electricity capacity +
non-fossil sources.

Non-fossil includes renewable enerqgy,
large hydro and nuclear. J

L]

[ PANCHAMRIT |

Numerator:
renewable energy

Denominator:
total energy requirements

= 50% by 2030

L

o

—

| UPDATED NDC | ]

Numerator:
non-fossil installed electricity capacity

Denominator:

total installed electricity capacity
~ 50% by 2030

L%

Non-fossil = renewables + large hydro + nuclear |

5

DATED PROGRESS |

T

February 2026: 52.57%.

30 June 2025: non-fossil share of installed capacity 50.08%; NDC milestone met five years early.

30 September 2026: non-fossil capacity 308.03 GW against 500 GW by 2030.
The 2015 NDC's 40% capacity target was met nine years early.
500 GW is not a solar-only target; capacity share is not generation share.

@iaswithdrravi -
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PM-KUSUM: FARM SOLAR & DEADLINES

Pradhan Mantri Kisan Urja Suraksha evam Utthaan Mahabhiyaan
(ABOUT PM-KUSUM |

* Aims fo enhance farmers’ energy security through solar and other renewable energy.
_* Administrative approval: 8 March 2019.
[THREE COMPONENTS )

A : 10,000 MW decentralised ground / stilt-mounted grid-connected solar or other renewable plants
B : 14 lakh standalone solar agriculture pumps.
L(:: : solarisation of 35 lakh grid-connected agriculture pumps, including feeder-level solarisation.

2t
\(@Gnd -connected agnculture

Decentrnllsed ground / stilt-
mounted grid-connected plan{s

Solar / other
(renewable plant

I. Standaluna sular ﬂgriculture
pumps (no grid)

Salar PV modules
v

pumps / feeder solarisation
(Grid

Solarisation of
Pwnpi [ feeder

Feeder

T

I: 14 lakh standalone

| solar agriculture pumps.

ground / stilt-mounted
grid-connected solar or
other renewable plants.

10,000 MW decentralised ‘

Solarisation of 35 lakh |
grid-connected agriculture
pumps, including feeder-level
solarisation.

[om&mm. PROGRAMME TAR&ET )

[28 SEPTEMBER 2026 ORDER ]

34,800 MW by March 2026;
L central suppo rl: 34,422 crore. [' Conditional project-completion daadlme

. Thii target date is historical.

31 March 2027. _J

( KEY DATES AND CONDITIONS |

Eligibility condition
PPA signed OR NTP issued

on or before
31 December 2025.

Financial closure (Components A and C)

Components A and C:
financial closure due by
30 November 2026.

—

_)

Project completion

Conditional rnJect—
comp latlc-n eadline:
31 March 2027.

(READ THE CONDITION |

( ABBREVIATIONS |

This is a completion extension for eligible projects; o PPA =
it is not an unconditional extension for new projects.

Power Purchase Agraement
e NTP = Notice to Proceed

@iaswithdrravi + Day 12 - Topic 117 - 4/9
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PM SURYA GHAR: MUFT BIJLI YOJANA

( KEY FEATURES |

e Launch: 13 February 2024. Cabinet approval: 29 February 2024.
e Target: rooftop solar for 1 crore households; up to 300 units of free electricity per month.
e Outlay: 75,021 crore. A model solar village in each district.

HOW IT WORKS (RESIDENTIAL ROOFTOP SYSTEM) |

) . Solar panels —
rt el g ~g Import from
Suniight grid (when
on rooftop needed)
solar panels

Tnverter

Home Net meter

- AC (to home) distribution ‘_/

' Export excess

[T ms | |5

(when available)
Electricity used in the house |

INDIVIPUAL RESIPENTIAL HOUSEHOLD CFA L (SThNDARD-STATE AMOUNTS

2024 GUIPELINES
o First 2 kW: 60% of benchmark cost. ( G‘ £ ) — .
o Additional capacity up to 3 kW: 40% of Capacity i ettt mszhu!ds}
benchmark cost. 1 kW 30,000
e Above 3 kW: no additional CFA. 2 kW 60,000
. CFA = Central Financial Assistance. ] 3 kW or more 78,000 maximum
(IMPORTANT LIMITS | . [_LKEY TAKEAWAYS )
; e Targets rooftop solar for 1 crore households
; 1—2: z:rﬁﬂﬂfﬂég; llmste. |{::ch'belrmlw:ﬁwk St with up to 30{1: units of free electricity
y quotea Installation price. per mionth.
o Special-category states have higher rates. o Outlay ol’ 75,021 crore and a model solar
o Group housing societies / resident welfare village in each district. .
associations ?&HS / RWAs) have separate 2 iﬁf::g m'ﬂ"g‘.?g OJE% ﬁ:cgni“wrka:";:r:'th A
provisions. Do not apply the individual- (standard-state households).
household cap to them. o 2024 guidelines; the fable shows standard-state
¥ 4k household amounts. v

@iaswithdrravi - Day 12 - Topic 117 - 5/9
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BUILDING THE SOLAR ECOSYSTEM

( SYSTEM CHAIN |

e -P\f module Solar parks Transmission Grid )
factory (larﬁt Plants) (dedicated corridor) (usable grid power)
(manufacture) — |

| Ran'I:op 5alar =
(rooftops)

 PRODUCTION LINKED INCENTIVE (PLI): | ( SOLAR PARKS )
| HIGH-EFFICIENCY SOLAR PV MODULES | (", pyovide land for developers

o Total outlay: F24,000 crore. of large solar plants.
Tranche I - 7 April 2021 approval g ST
o 4,500 crore; 8,737 MW awarded to 3 bidders.

?rancha Il - 21 September 2022 approval ] -
e F19,500 crore; 39,600 MW awarded to 11 biddsrs.J [GR'D CONNECTED ROOFTOPS—'

e Incentive paid for 5 years after cammsmnmg, o The 2015 target allocated _ﬁ_m_f

linked to manufacture and sale of high-effi iciency 40 GW to rooﬁ:ops
g___ modules. g

| GREEN ENERGY CORRIDOR |

Dedicated transmission for large solar and wind projects.
PGCIL study / report: 2012; work began in 2015.
Two intra-State phases: I and II.

Phase II: integrates about 20 GW in 7 States;
cost ¥12,031.33 crore; MNRE assistance 33 7%.

o Approved List of Models and Manufacturers: approved solar modules and cells;
technical details in Topic 97.

=
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INDIA SOLAR CAPACITY: DATED SNAPSHOT

[ AS ON 30 SEPTEMBER 2026 - MNRE |
| TOTAL SOLAR: 171.05 GW |
[ CAPACITY CATEGORIES - illustrations not to scale |

Ground-mounted Grid-connected Hybrid solar 0ff-grid
125.65 GW rooftop component solar
33.41 GW 5.36 GW 6.63 GW

Total solar 171.05 GW

K Rounded category figures
[_Ta’ml in the dated table: 171,051.46 Mw,] sum to 171.05 GW.
| THE WIDER ENERGY TOTAL |
Renewables incl. large hyd | [N I |
enewa2;59|“;5 Esv; S 29 6 Non-fossil
] 308.03 Gw
.;.*.:’;.-..

| Exact non-fossil table total: 308,026.53 MW. J
[ Solar is the largest part of renewable capamtt]

( STATE ORDER | [ KEEP THE UNITS STRAIGHT |

o Rajasthan leads in solar installed capacity. : %n?t:j{ e:.l ifgfm:;w measures. generati

o Andhra Pradesh ranks sixth in this capability; it is not electricity generated.

dated table. ] AII figures above describe 30 September 2026,
not an undated “current” total.

@iaswithdrravi - Day 12 - Topic 17 - #/9
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ISA: LAUNCH - TREATY - MEMBERSHIP

( INTERNATIONAL SOLAR ALLIANCE |

(@)(LANCH }— [ MEMBERSHIP |
| 30 November 2015: — o Member = signed + ratified
launched by India and France Framework Agreement.
at COP21, Paris. * Separate signatory category =
signed, not yet ratified.
4 o Amendment adopted 3 October 2018
@ (TREATY j - at first Assembﬁy, New Delhi;
entered into force 8 January 2021.
e Membership opened to all UN
member states.

([ COUNTRIES ]1

15 November 2016:
Framework Agreement opened
for signature at COP22,
Marrakesh.

v

3)) [ INTO FORCE | MEMBER SIGNATORY
6 December 2017: INTERMATIONAL S‘QFi:mL::EE e E‘: “Ejf
Agreement entered into force; Agreement. ratified. ‘
treaty-based international . = 4

intergovernmantai organisation.

{ HISTORICAL COUNT ONLY }-

g — 6 November 2024:
[ FOUNDING CONFERENCE J 1| 120 member and signatory
11 March 2018: ISA countries, including 102 ratified
Founding Conference, P W e g members.
New Delhi. This is a dated 2024 figure,

L not a current membership total.

J

( HEADQUARTERS | - \

v, NISE campus, Gwal Pahari, Gurugram, Haryana.
it © First treaty-based international intergovernmental
&%  organisation headquartered in India.
* Foundation stone: January 2016, Modi and Hollande.

A
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ISA: GOVERNANCE & GLOBAL INITIATIVES

(WHO DOES WHAT? |

ASSEMBLY i
e |India President. Assembly offices
@ e e France Co-President for 2024-26, are held by
A O (Q\ chosen at seventh Assembly T
4 3 @ R, (3-6 November 2024). :
* Eighth Assembly opened in New Delhi
L on 28 October 2025. »
W
—
SECRETARIAT )
O o Headed by Director General. 2"‘ D“”I*’-‘_'-t""
®  Ashish Khanna selected on ~——>| General Is
= _‘!L. 4 November 2024; serving as DG a person.
as of 12 March 2026.
o J
(TOWARDS 1000 - 2030 STRATEGY |

()

US$1 tril

solar

investment

lion Energy access o
for 1 billion o
people :.{

solar

a:npacity

[ KEY INITIATIVES |

[ GGI-050W0G
Green Grids Initioitive -
One Sun One World One Grid
. W!g‘rildwidt. clean-energy

rig.

ndia + UK launch at

COP26, Glasqgow,

2 November 2021.

ISA

1,000 GW

Initiatives

1,000 million
tonnes CO,
cut per year

(2024 PROGRAMME SNAPSHOT |

STAR-C

e Solar tuhnnlogﬂ skills
in developing
economies.

Viability-qap funding
» Least developed

Global Solar Facility

countries and small

island developing States.

e |nvestment in .
underserved regions,

SolarX Startup Challenge
® |ntroduced at COPZ7.

especially Africa.

|

Nine programmes in three areas:
o analytics / advocacy,

e capacity building,

e programmatic support.

Third World Solar Report:

market, investment,
technology, and
African green-hydrogen
readiness reports.
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BIOTECHNOLOGY: BIOLOGY PUT TO WORK.

CBD, ARTICLE 2 ' EFB DEFINITION ‘ PRACTICAL PURPOSE
‘ Biotechnology means “any ‘ EFB = European Federation The use of biology to solve
technological application that of Biotechnology problems and make useful
uses biological systems, living Integration of natural products; therapeutic proteins
organisms, or derivatives thereof science and organisms, and other drugs are a
‘ to make or modif products or ' cells, parts of them and rominent araua?
processes for specific use.” molecular analogues | & '

KEY WORDS: for products and SE'I"\I'ICES.. |

e | I3 An enzyme can be
| . kqulogmal SH.S{-'EMS J enough: biotechnology
» 1“-'"39 arganisms ' it J need not use a whole” |
e derivatives thereof. : living organism.

= MULTIDISCIPLINARY:
_: biology + chemistry + engineering

Yeast
/ (Saccharomyces

Sterile bioreactor

v e
cereiisiae) (Controlled bioprocessing) Bﬂht‘ﬂ:‘; ‘I‘;ﬂ‘ﬁ:&
TRADITIONAL BIOTECHNOLOGY MODERN BIOTECHNOLOGY
° Whl-?'ﬁ microorganisms act naturally, ® Genetic engineering + controlled bioprocessing.
maw:nly through fermentation. o A chosen gene is put into a chosen host;
o Ancient examples: beer and leavened bread. example: %acteria making human insulin.
o The organism determines the product. e Recombinant-DNA milestones: 1972 and 1973
§—~O—~@:
: : s h Inserted into a -f
Microorganism The organism %.g;sle:ui{::f chosen hast Bhis':z:ainiﬁ;:‘ucz
(e:9. yeast) determines the product. ' insulin gene)  (e.g. bacteria) (a useful product)
TWO CORE TECHNIQUES OF MODERN BIOTECHNOLOGY | ExAM TRAP:

(1) Genetic engineering changes genetic material. . : i
o

@) Bioprocess enginering maintains terie onitions,so desived cells dlobucnno gy ¢l o el
“S' produce useful substances without contamination. . with genetic engineering.

Day 13 | Topic 126 | 112 | @iaswithdrravi
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RECOMBINANT DNA: BUILD, CARRY & COPY.

RECOMBINANT DNA (rDNA) GENETIC ENGINEERING
DNA *-Forme.d in the laboratory changes an organism’s genetic
by joining DNA from different material by such methods.
Sources.
THE TOOLK'T Recognition sequence
. (e.9. GAATTC) ; _
Restriction endonuclease: " Cut at internal site
cuts at INTERNAL sites, at or S - GAATTC =% =
5““!““- S A 'f\. f
Qanucleasg ; cqmpiemezt;:os{‘itkyi:::ii
i ' Hucleotides removed = withing
o Sl m}}% e Tt EXO o
i or 5 end “Internal” does nat mean
DNA chain. % only the exact middle.
* DNA ‘s : Compatible ends
D I ase: mpﬁ 54y DHA llgm
Joins DNA fragments, such as an insert uﬂc @
and a plasmid cut with the same ”“E

vestriction enzyme. Think "DNA glut.".
Vector:

carries a 'Fnrmﬂn g:nr. into a host cell;
wmmunty derived from a pinsmnd or wirus.

Host :

receives recombinant DNA and multiplies it.
Escherichia coli is a common bacterial host;
non-pathogenic E. coli K-12 is used in industry.

CONCEPTUAL WORKFLOW

Joined recombinant DNA

1. Chosen gene 2. Suitable vector 3. Compatible 4. DNA ligase 5. Host cell 6. Multiplication
{from a gmru} (e.9. plasmid) cutting Joins Fragments / ﬂs{{lfﬁ“ﬂ
R + - — =y iy
MBI sl weckor kching sticky ends  Recombinant vector  Introduce. int ;
(insert) asmi Matehing ‘sticky ends mbinant vector ntreduce into Host mulkiclies
(cut with same enzyme) {rDMA) host (eg. E. coli) and tr:;t;ﬁ;!}uﬂ

/£ produces useful product

ANALYSING DNA

NN ladder

A. Agarose gel electrophoresis (uun siocs) tebéer St Sampied Sumed B. PCR (Polymerase Chain Reaction)

i
1
e i . IEn idly copies & selected DMA segment.
» Seporates DNA fragments by size.  Size (bp) : ed cycles amplify the target 5@-:4.
 Comoms bonds wihoDitt bk, [ i ’éf:f;?“ Wy URS
of known fragment sizes. i Lo i -
500 — | | | T mwg | s
W= QR 11T TEVTTTTE R . - FRRTTTTET! g.u_m@
100 —= | [ - | DHA shrands Primers bind DA polymerase
i separale to target sequence  synthesizes new strand

Day 13 | Topic 126 | 2/12 | @iaswithdrravi
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RESTRICTION ENZYMES: RECOGNISE & CUT

RESTRICTION ENDONUCLEASES b r"iﬁ:ﬁ
o Cut DNA at internal sites, at or near a Eﬁjﬁgﬂ::e ), scissors

5pe{:i1°ic recognition sequence.

® HindII: the first type II restriction -
enzyme, characterised from Haemophilus |I1lr*} |
influenzae in research published in 1970. — Al—i

Cuts at a speciﬁc
recognii:ion sequence

DECODE EcoRI EcoRI RECOGNITION SITE
E = Escherichia, the genus. i g e a——
co = coli, the species. S =NE|A|A RT3
R = strain RY13. 3 =il [_T FE A | A iﬁl__ 5
I = first enzyme identified vL \
from that bacterium.
L ) Cuts after G on each 53’ strand and

creates complementary “sticky” ends.

KNOWN ENZYMES

More than 3,600 restriction 5 ={G] A ATTO"
endonucleases were known 3 ]c]?? A Al vy —!'G‘
in REBASE's 2007 count. f = }
This is a dated figure.

1978 NOBEL PRIZE

Physiology or Medicine:

Werner Arber, Daniel Nathans
and Hamilton 0. Smith, for : D &
restriction enzymes and their \& =00 0%
use in molecular genetics. :

~
Complementary “sticky” ends can pair;
DNA ligase joins the DNA fragments.

REMEMBER

® Restriction enzyme =
sequence-specific scissors.

@ Ligase = joining tool.

@ Exonuclease = removal from

| @ DNA-chain end.

g 1113 3

A

| Day 13 | Topic 126 | 3/12 | @iaswithdrravi

IAS with Dr Ravi | iaswithdrravi.com 108



DAY 13 | TOPIC 126 | VISUAL 4 Back to index

IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

PCR: AMPLIFY A CHOSEN DNA SEGMENT.

"REQUIRED TOOLS
o Template DNA + primers +

e PCR = POLYMERASE CHAIN REACTION

o Makes many copies of a chosen DNA segment rapidly. | pucleotides + a heat-stable
o Invented by Kary Mullis in 1983, He shared the 1993 Nobel Prize | DNA polymerase.
in Chemistry for PCR. | TAQ DNA POLYMERASE
| o From the heat-loving bacterium |
THREE STEPS, REPEATED IN CYCLES Thermus aguaicus
ot s — . c— - s It builds new DNA strands and

survives the heating steps. |

3. EXTENSION

about 72°C.
Tag polymerase extends the
primers and builds the new

2. ANNEALING

about 50-65°C.
Cm}{ing allows primers to
bind fo the single strands.

1. DENATURATION
about 94-98°C.

Heat separates the two
DNA strands.

d strands. Toa DNA
AT AT Primer o
Il e polymerase
Double-stranded g :;lri:;;l:lf
DNA (template) o fen

l Heat

94-98°C 50-65°C (Prime.r
Primer binds -
] to template STITL, 7
Two single strands stran 3

WHY PRIMERS MATTER ‘ REMEMBER:

| Thjy define the DNA region to be copied | separate = bind primers — extend.
and provide starting points for synthesis. Taq is the enzyme ; PCR is the process. |

DA FCR Other  Another

DNA ladder:

ladde t mple
| CHECK THE PRODUCT Ll i i il roun-size
Agarose gel electrophoresis separates - fEIETENge Aonas
‘ fragments by size; a DNA ladder L F (S bl peles 1l
' supplies known-size reference bands. | 500 PCR product:
— — 300 band at expected
200— size.
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RECOMBINANT DNA: KeY MILESTONES

— e ’ . A '-I
1972: BERG S GROUB (&::lj rpm:::f; ; %;51 Eg:;e Chaacterization ey
e Published construction of v P g ik D> that DNA from
recombinant DNA in vitro. sl > dimﬁnwﬁ'
i can -
o Paul Berg later shared the B to Wﬂ‘;ﬁmt DNA
1980 Nobel Prize in Chemistry. Recombinant DNA sgesri
L molecule v |
1973: FUNCTIONAL RECOMBINANT PLASMIDS e
" Plasmid vector Foreign DNA that the recombinant
o Stanley Cohen, Annie Chang, (cut with restriction enzyme)  fragment plasmids were

biolugimllg functional

& Sticky ends —
in E. coli.

) Y Tt
(in vitra)

Herbert Boyer and Robert Helling
published “Construction of biologically
functional bacterial plasmids in vitro™.

e The work demonstrated functional
recombinant plasmids in E. colli.

Bacterial colonies

Rmmbi plasmid ith functional
|_ (with foreign DNA) rec:r:-rbinnmcpin&m'rds
—— -
FROM JOINING DNA TO CLONING IT
. i::;::l?!el.z:lﬂ“i:z?menfs creates a recombinant . mi’,"mm :“::“m} R""":f,’iﬂi‘“’f, DNA I;:::iﬁ ;:ts:
. [n’cmdlﬁcin a ?u:ml;ie ﬁecombimnf pliasmid el s (in vitro) (E o)
into a bacterial host allows it to replicate. L1i'llrm; g . - —
e These are refa;:ad bu[t dijstinc:i Eclriievewienfs: - :_}
construction of a molecule and biologica H !
replication in a host. * ‘W‘ Host replicates
e Small reminder: IN VITRO = outside a living organism; m"""ﬁ";;ti F"]E""T“"lid
CLONING = making copies. = — _9
1974: VOLUNTARY MORATORIUM || FEBRUARY 1975: ASILOMAR
e Scientists called for o pause [= i e Conference recommended resaming
on certain recombinant-DNA research with appropriate containment
experiments while safety | ‘ and safety guidelines. 2
was considered. Recommencie
™ PAUSE | B approprnte
| o o Sl T
ns i T | n
EXPERIMENTS t:isfs st sI:a.{-'e’cg ‘ a nguidelinef--
| PEGSUrEs. Rkt
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THE COLOUR CODE OF BIOTECHNOLOGY

Kafarski’s Rainbow Code of Biotechnology (2012): one colour-classification convention.

IrRED medicine, phnrma&auflmfs and health. ] (GREEN aﬁnculfum i

Examples:
e recombinant
human insulin;

e gene therapy.

Example:
o Bt cotton

L in India.

i

—

WHITE- industrial bmtecl-.nu!ogy

Examples:
o chymosin from

E. coli K-12;
: bfc-mnnufo.dwing.

Emmple T
8 argmrsms used :
in food making.

" GOLD: bmm&mafucs '

Exam Ia Example: ATGCGTAC
o biotechnolog o computer anal s:s .,G-g:gf;
for dry-lan r? of biological AAGTECGA MP"*G i
m m = r is
it S | Tty
IFVIOI..ET law, ethics and phllasaphg ) _ " DARK: bioterrorism. A ]
Exampiets - ' | Meaning: '
ents e misuse of organisms
Edmfetq debates. | = SN as weapans.g
L . o 3 mu&h_; debaiez- J
FOUR APPLICATION AREAS: EW TRAPS

o Grey = environment; white = industry.
e Yellow = food; gold = biological data.

' ® Blue = sea, not air or space.

Day 13 | Topic 126 | 6/12 | @iaswithdrravi
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HEALTH: INSULIN & GENE THERAPY

RECOMBINANT HUMAN lNSULIN INSULIN PRODUCTION USING RECOMBINANT DNA TECHNOLOGY

2 G - Recombinant plasmid Lirghiacale
e 1978: CI'l'Y of HDP{'. ﬂi‘!d. Generﬁ'ec!n iﬁ;:;‘;‘:l in'trc.:n:lﬂuc.ad in’fz_l 'ml i fﬁ;ﬂmr::gljﬁn
researchers produced biosynthetic Human plasmid (e.9. E. coli) .
\

-| . H H 1 I If
human insulin. it 1.

o Eli Lilly developed it for manufacture. ﬁ-—r =
* 28 OCTOBER 1982: US FDA approved , :
HUMULIN, the first approved medical Engineered bacteria

ce human insuli
product made using recombinant PYRCUR: bl Saein |
DNA fﬁchhology, Furlﬁmﬁon

CONCEPT

e Human insulin gene information = .({;‘.e-mr*"_!r
engineered microbial production — microbe )
purification = a therapeutic protein. ™

'{m:mbinapf
human insilin)

o Biotechnology can produce medicines | odto  “MWSiS  (chromatography . ™
Purified the
without extracting the same product ;fmd' from A o i) ; ‘pmfei:mum
from its original human source. humans)
GENE THERAPY GENE THERAPY: CHANGING GENE FUNCTION

Functional gene
{in d vector, &.q. viral vector)

o Aims for a therapeutic effect by
-::hanging how genes work in the body.

FIRST APPROVED US TRIAL

o September 1990 at the National

E t:-. Gene transfer ’
Institutes of Health, under E

| info target cells |

William French Anderson. Target cell

(in patient's body)
DISTINGUISH THE APPLICATIONS
* Recombinant insulin: cells manufacture a therapeutic protein.
* Gene therapy: changes gene function fo seek a therapeutic effect.
* Both belong fo RED biotechnology.

* Timeline anchors: 1978 production = 1982 Humulin approval —
1990 gene-therapy trial.

o Patient: four-year-old Ashanti DeSilva,
with adenosine deaminase (ADA)
deficiency, a severe immune deficiency.

e The first therapeutic gene-transfer
trial be.gaﬂ on |4 September 1990.
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FARMS, FACTORIES & ENVIRONMENT

" AGRICULTURE: GREEN |

Crop plants can be engineered
to resist insect pests.

India approved Bt cotton for

commercial cultivation in 2002.

Susceptible
target pests
aregaFfe.:’ted

" BIOPIRACY

Unauthorised appropriation of the knowledge

and genetic resources of farming and
indigenous communities.

INDUSTRY: WHITE

| Engineered microbes make
enzymes and other useful
products.
Emmpie: chymosin made by
the nun—Pathogen'tc K-12 strain
of E. coli.

. b !

ENVIRONMENT: GREY

Applications include recycling,
waste treatment and cleaning
industrially contaminated sites.

I
BIOREMEDIATION = using
biological processes to clean
contaminated environments.

Er?'l Ch!mo.‘.m v Polluted
( . coli ' B enzyme industrial site |
K-12 strain

= \ ﬁ r
ol -

Cheese making
(using chymosin)

 THE NEEM PATENT cAse [ CONNECT THE CONCEPTSW
A European patent relating to
neem-oil fungicidal use was

urigimllg ranted to W.R. Grace
and the US Department of

A useful biological product
raises scientific, commercial
and ethical questions.

Ralre —
( Patent granted /
to W.R. Grace and
US Department of Agriculture - = il @i
p— ¥ | Scientific Commercial  Ethical
r 2000 ) questions  questions  questions
< L the patent was revoked. || Patent rights and community

: El ¥ knowledge are part of

7 T kw&l ; 8 March 2005: 'VlOl_.E'ls biotechnology.

" | o1 ; 5

o ‘ E::Iwilfdlgt' y thjif:gﬂﬁﬂrhi Tp:ﬂifq I Do not confuse industrial

fNe,grr. . e msuurI:e:glc Imﬂnﬁ the ramnﬁm in le‘ Pmdblﬂtlﬁﬂ (Whltﬁ) Wlth
' (Azadirachta indica) | NS ) environmental clean-up (grey).
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GEAC & THE 2022 GM-MUSTARD DECISION

1. WHAT IS GEAC? 2. INSTITUTIONAL HIERARCHY

e GEAC = GENETIC ENGINEERING = ;
APPRAISAL COMMITTEE. Mlnlﬂ:gd&cﬁnmv;ﬁ"m::};mﬁ 5|

o Sta.tutur? committee requlating (MoEF&CC)
geneticalg modified organisms

in India.

o Constituted under the Rules of 1989, r Environment (Protection) Act,
framed under the Environment
( Protection) Act, 1986. \

o Administrative ministry: MINISTRY
OF ENVIRONMENT, FOREST AND
CLIMATE CHANGE (MoEF&CC).

e It is not under the Department
of Biotechnology. <« Different from DBT.

1989 Rules on genetically “

modified organisms

# Constitutes

Genetic Engineering ) _ @ 3

3. GM MUSTARD: DMH-11 APPH]EZ‘:EAEMMEB
e 18 October 2022 : GEAC recommended

environmental release.

e 25 October 2022 : the conditional
decision was communicated.

4. WHAT THE DECISION COVERED

e DMH-11 and its parental lines, for seed
production and testing under ICAR guidelines
and other applicable requirements BEFORE

" GM MUSTARD
DMH-11

commercial release. 5. DECISION FLOW (DMH-11)
ICAR = Tndian Council of A ric It ral R k: [ GEAC recommends e s 1
[: eI emLJ e?viranmental rf.le;se. icmamuHﬁL RELEASE |
18 October 2022 2022) !
6. READ THE SCOPE ~ - e |
4 b ]
o Conditional environmental release for Conditional dec'iisiun A [
seed production/testing does not by itself communicate | & |
establish approval for commercial cultivation. (25 October 2027) (o ez |
+ : For seed production |
: tal ¢ | and testing ;
7. DECISION SCOPE Environmental release for | | (gEroRE commercial |
e The 2022 recommendation concerned conditional seed Pmdu:tm" and tﬂtmg | release I
environmental release for seed production and under ICAR guidelines an R it 4

testing. Thﬂi SCope diFFErS- 'Fl“ﬂﬁ'l Pﬁl’h‘l[-ﬁsiﬂh 'Fﬂf uthzr aPPLicah e mquir&ments

farmers' commercial cultivation,

Day 13 | Topic 126 | 9/12 | @iaswithdrravi

IAS with Dr Ravi | iaswithdrravi.com

114



DAY 13 | TOPIC 126 | VISUAL 10 Back to index

IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

GM MUSTARD: REGULATORY STAGES & THE 2024 CASE

23 JULY 2024: SUPREME COURT

Two-judge bench: Justices B. V. Nagarathna and Sanjay Karol.
Split verdict on the GM-mustard approval; matter sent to the
Chief Justice of India to constitute an appropriate bench.

on the challenge to the
GM-mustard approval.

SPLIT VERDICT REFERENCE TO THE CHIEF JUSTICE
The two judges differed The matter was sent to the

Chief Justice of India to
constitute an appropriate

bench.

7

COMMON DIRECTION

090

_ The Centre was directed to frame a national policy on GM crops, " |

2 covering research, cultivation, trade and commerce, in consultation
with stakeholders and the States.

STAKEHOLDERS
AND
THE STATES

v

i 6 Auqust 2024
Environment Ministry |
stated Bt cotton was the
only GM crop approved

for commercial cultivation

in India.

Bt cotton

B un!g GM crop
approvédl for
commercial
cultivation in India. |

__DATED OFFICIAL RECORDS

A

4 February 2025

Government stated
environmental release of
GM crops remained under
adjudication in the

Supreme Court.

: M UMNDER

{  Apaubication

{M SUPREME COURT

5o

5 March 2025

Supreme Court office report
records further proceedings
in the GM-crop cases.

A

APPROVAL HAS A DEFINED SCOPE

Permission for seed production and testing is not
the same as permission for farmers’ commercial

cultivation. A legal decision must be read with its
date, conditions and the activity it permits.

IAS with Dr Ravi | iaswithdrravi.com

” ‘ DO NOT INFER

e The 2022 conditional decision alone does
not establish current commercial approval
of GM mustard.

e Environmental release, testing and
commercial eultivation are dis?ﬁnct

requlatory stages,
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INDIA: INSTITUTIONS THAT BUILD BIOTECH.

Ministry of
Science and Technology

Ministry of Environment,
Forest and Climate Change

(MoEF&CC)
xh
Nodal Department of Genetic Engineering {?Eumgmgﬂh“""‘
dopartme™ S Biotechnology Appraisal Committee (separate o
for bt ) (DBT) (GEAC) pB).
in, Indi2 Established on Regqulates GM organisms
February 1986 under the Ministry of Environment,
as a separate d:rur{'mnf Forest and Climate Chan
in the Ministry of Science (MOEF&CC) and the 1989 Rules.
and Technology. : &
: : 3 ' 7 e
National Institute Bwfechmlugz Industry |* the 0
of Immunology Research Assistance | b0,
(N11) Council (BIRAC) Td mdustry

The first autonomous

A not-for-profit public

institute, later brought sector emterprise
under the Department set up by DBT; DPBT and BIRAC GEAC regulates
of Biotechnology. basz:f in New Delhi. promote biotechnology GM organisms under
> - research and innavation. MoEF&CC and
the 1989 Rules.

. S e S S, . i i e S 1 B < S A A i i R,

PROMOTION vs REGULATION

-ﬁ'}
4 -~ A X
— = December 2015
— b= : 0 March 201 - —_— ==
= i 1982 bebey 1480 m:m mcipzkjw e
( 1981 ‘ DBT , STRATEGY
NATIONAL Desiitiiint ¢F Biotechnology Industry  DBT launched the
NATIONAL INSTITUTE BIOTECHNOLOGY Bi ﬁchnola establiched R.essnlmh Assistance National Biotechnology
OF IMMUNOLOGY BOARD 99 Council. _ Development Strategy
as o separate department bl 5202
The first autonomous  Set up by the Government in the Ministry of Science A not-for-profit public  2015-2020.
institute, later brought before there was a and Technology. ;;cga-ﬁ“ﬁms?n set up T:"'IE F”".‘ME i::"&
nder the De nt i ; release is da
pig et il - - New Delh, 30 December 2015,

department.
TIMELINE TO RECALL

(NIl 1981 — National Biotechnology Board 1982 — DBT 1986 — BIRAC 2012 — Strategy 2015-2020. |

“The S_Traftgg's year range is historical,
not a clam that it 5 the current sirqtegﬁ.

IAS with Dr Ravi | iaswithdrravi.com
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BIOE3: ECONOMY, ENVIRONMENT, EMPLOYMENT.

BIOE3 POLICY FEATURES |
Biotechnohgg for ECONOMY, o Support for research and entrepreneurship

in thematic sectors.
ENVIEONMENT and EMPLOYMENT. Biomanufacturing hubs, Bio-Al hubs and o biofoundry.
Union Cabinet apprwal:

Regenerative biceconomy models for green growth,
24 AUGUST 2024 Expansion of a skilled workforce.

o Alignment with Net Zero and Lifestyle for Environment (LIFE).

CENTRAL BIO-MANUFACTURING HUB
EIG PlC'TURE ) Scale up from lab to market

Biotechnology spans
organisms, cells and |
derivatives; genetic \
engineering and \
sterile bioprocessing
work fo_ga{hﬂ

. ﬂtsagﬂ 'Buﬂd Tes% Learn
L .. \ for fa.st_nr inmovation

Genome editing, stem _ Skilled workforce -

cells, vaccines, detailed |
GM crops and DNA | & (B 8
fingerprinting are ! =
covered on other days. -;*Isf;; i:l: ical
process optimisation

REGENERATIVE CIRCULAR BIOECONOMY LOOP

From biological resources to a c.leaner greener and more prosperous future
Wz - dl - EA - RBe-§-&)

it y
T_B::L';?;::: Bwprocss:-mg B;:o&b:z%: {I-..wl!h agriculture, Waste and l..'l!

( biomass) materials, energy, ete.) by-products  gug reganefrn.i'mn
k— Regenerative bioeconomy models for green growth TR

INDIA'S BIOECONOMY: AUGUST 2024 SNAPSHOT
PIB, 28 August 2024: The 2030 figure is a

2014: 2024: 2030 TARGET: target, not an achieved

US$10 billion. over US$130 billion. US$300 billion. :::“;;ﬂfﬁ;‘;;fﬁ;“;‘;;_

Trainin

mpwg building

CHRONOLOGY RECAP

I-o-F-0-0-&-5-3-9-@-@- Q%

Ancient 1870 1§72 1973 1474 1475 1978 1982 1983 1890 1993 1002
fermentation HindIl  Berg DNA ﬁ.utmnl moralorium  Asilomar  insulin Huwraalim PCR genestherapy  PCR. Bt cotton BluF_!-

production  approval trial Neobel
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E-GOVERNANCE: FOUR RELATION

E- GOVERNANCE

SHIPS

Govermment uses information and communication technology (ICT) to deliver

services and information.

FOUR MODELS: WHO IS AT THE OTHER END?

| G2C = GOVERNMENT To CITIZEN G2B = GOVERNMENT T0 BUSINESS
. indivi » Government € businesses; .
Gouernmernt HA;lndeMISI @ ! aims include less red tape
e E:.m_m Plcs- UM {.i* R e ond lower costs of doing e
DigiLocker, e-Sanjeevani. bugingss. i o
CITIZEN = . Emmpia sellers on Government £
Citizens access services and e-Marketplace (GeM). BUSINESS
| information online. Helps businesses interact with
) T = 5 ol | government more easily and at lower cost.
ALEEAIL 230 |, : e i
G2G = GOVERNMENT T0 GOVERNMENT | CENTRAL " G2E = GOVERNMENT To EMPLOYEES
« Non-commercial online GOVERNMENT

interaction between

departments and authorities.
| * Example: APl Setu allows

departments to share data

with other systems. DEPARTMENT

‘ Enables data sharing and coordination
| Bcross gavernmen’c

SERVICE HUB
il - i

FIVE COMMONLY DESCRIBED STAGES

@ One-way @ Two-way
information on communication:
a website. request and response.

|

T Q=00

Government

Citizens and businesses
provides information | can send requests and
l online. ] receive responses.

| 0 Service a.nd
financial
transactions.

Services are delivered
and payments can be

made online.
LS

- =

» Government units € their
emplouees.

« Examples: online payroll, Ig;

benefits and personnel :
records. EMPLOYEE

Helps government manage its workforce
l effi Llar?ﬂg

_—

Political ]
: participation.
OF. o C:JDC]

Different departments Cttlzﬂns can
l are integrated for te in the
seamless service de|nm'5 pahh process online. }

The stages describe growing interaction and integration; the four G2 models classify the relationship.

India’s major planning frameworks are NeGP, e-Kranti and Digital India; see also Topic 27.
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NeGP T0 e-KRANTI : REFORM THE PROCESS

18 MAY 2006: NeGP APPROVED [ FROM 27 T0 31 T0 44: PROJECT PORTFOLIO

@ National e-Governance Plan began
with 27 Mission Mode Projects (MMPs) 18 MAY 2006 Later 25 MARCH 2015

at approval. NeGP Approved Expanded e-Kranti Approved

@ The portfolio later grew to 31 MMPs, 31
including agriculture, health and
passports.

@ 2015-16 Department Annual Report:
24 of those 31 were live and delivering

services. ; F : 2
; 2 Portfoli ded
o That 24/31 count is HISTORICAL , Initial ‘partfolio Portfolio grew From 31 1o 14 IMPs,
net a current implementation total, with 27 Mission to 31 MMPs, ‘ adding social -sector
Mode Projects ;::L‘I‘:h‘“ﬂu:g"‘“ ture,  projects st:lslzhalsd |
: (MMPs). omen and Chi
o NeGP also created Common Services passports. Development and |

Centres. L Financial JnclusiﬂLJ
a FROM FRAGMENTED DATABASES TO INTEGRATED PROCESS

BEFORE: FRAGMENTED DATABASES ! AFTER: INTEGRATED PROCESS (e-KRANTI)
l -
| [ Integrated Platforms and Shared Databases B |
|

P TEFES

4

Agriculture  Health  Trans

Dept. Dept.

' Citizen-centri
| Departmants lnhgm&du:-&w:mu i
S, R
@ Poor integration between applications and databases. | e processes. é g departments.
o Limited re-engineering of government processes. : :
il Citizens ]
WHY A SECOND PHASE? 25 MARCH 2015: e-KRANTI APPROVED
e Poor intearation between applications @ Union Cabinet approved the approach and ke.y components
and datnl?nseﬁ. vE of NeGP 2.0.
o Limited re-engineering of government VISION
processes. o “Transforming e-Governance for Transforming Governance”.
., P s o P ELEVEN GUIDING PRINCIPLES (Examples)
= o &>
old Form | ‘f@}' _ @ &
(Digitised) ) Transformation Mobil Cloud
| s ) | and not DR by Default
siathle Translation First
Digitising an old form Re-engineered process
nlu::d is_not tht; same. with integrated data 2015 SEQUENCE
as redesigning the service and departments N T
d & nd I March 2015 July 2015
gur:::cﬁ:lg lziﬂpi;mznts. for seantiess senvice e-Kranti approved g Digital India
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DiGITAL INDIA: THREE VISIONS, NINE PILLARS

LAUNCHED: 1 JULY 2015
THREE VISION AREAS

Governance and

®

By Prime Minister Narendra Modi; run by the Ministry of
Electronics and Information Tzchnolugg ( M&ifY).

Digital empowerment

I" @ Digital infmstrur.tu_ra
as a utility to services on demand. ‘ of citizens.
| every citizen. 42N | \ | /
ﬁ&k Qo
-_ \ o L NN
NINE PILLARS
D\GITAL INDj4 DIGITAL IND/4
h‘tr::_T’r 4 aA— A e ————— 5 * = =
o lollo] @/lo e @ ®
Broadband Uni Public e-Governance: | e-Kra .':f ormati Electronics IT for Early
& I | k . i rvest
Highways. ﬁﬁ:l:iskﬁ Internet Reforming | | Electron | for Al | Manufacturing. | Jobs ﬁ;an
Conmectivity. al
|
Fibre Mobile Common ~ Usé techrology | Deliver ;2‘,:;“’; Boost Create Quick. win
. k iy Service Centres o make government electronics  jobs through  initiatives
Ml e T eyt B e O e B e
India. citizens,  internet access. )| b ke m: in India. B ::.pact

ﬁlﬁ_w_in Gﬂth r-h;t:r 5 AUGUST 2026

a Strong digifu.l infrastructure,
Government services delivered
digitally.

Citizens empowered through
digital literacy and jobs.

s

|

DiRecT BENEFIT TRANSFER swsuﬂ (

b

318 schemes ar.ross 56 ministries;
over T52 lakh crore transferred,
as reported in the Lok Sabha reply

| of 5 August 2026, -

was
on 1 Tuly 2015,

Th!.g share a year but are distinct
Lmilcstﬂnes.

i

IAS with Dr Ravi | iaswithdrravi.com
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INDIA STACK: IDENTITY, PAYMENTS & DATA

'DIGITAL PUBLIC INFRASTRUCTURE (DP1) | | INDIA STACK

e Foundational digital systems forming the

Back to index

backbone of modern societies.

e Interoperable digital platforms and APIs

systems are linked through interoperable
public rails.

o India’s identity, payments and data-exchange

4 L

that governments, businesses and developers
can use to deliver services.

THREE BASIC LAYERS

==

—

=

—

1. IDENTITY

[ 2. PAYMENTS |

3. DATA

Aadhaar

&
£

UPI

UPI

DigiLocker and the
Account Aggregator framework

=

| DigiLocker

L J

Intero

C L4

= Digital Rails

rable

)

-

AADHAAR

e 12-digit identity number, obtained voluntarily
by residents, based on biometric and

UPI: UNIFIED

o Built by National Payments Corporation of India

(NPCI), 2016.

PAYMENTS INTERFACE |

demographic data.
® Run by the Unique Identification Authority

o January 2026: 2,170 crore (21.70 billien) |
transactions, worth over ¥28.33 lakh crore.

| of India (UIDAI).
28 January 2009:
September 2010:
2016:

Over 144 crore

UIDAI set up by |

® These UPI figures are a dated January example,

not a latest-month claim.

Planning Commission UPI TRANSACTION COUNTER =i
notification. (JANUARY 2026)

first Aadhaar number Transactions ' Transaction Value

issued. | over

Aadhar Act makes UIDAT ||| 2,170 Crore | £28.33 —

a statutory authority. (21.70 billion) | lakh crore '
numbers generated: | | ‘
March 2026. — |

J

:;:j: OWNER TRAP: UPI - NPCI; Aadhaar > UIDAL

Do not substitute RBI or MeitY for NPCL
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DOCUMENTS vs SERVICES DlglLocker & UMANG

" (DigiLocker: LAUNCHED 2015 |

citizen’s account.

* Think: issuer = authentic digital
document — citizen's document account.

o MeitY's digital-document platform.
e |ssuing bodies place documents in the

i )

[ Citizen's
document account

ool
Central
Government

i

in citizen's

m account
tnh.
Government

m [
Other -
authorised

I

——

DigiLocker

Authentic
digital documents

O
([
Educational
cerhfu:a’ces |

_._.—.-—______.._.--.-——————

1S5UErs L=
N —eit?

A AS REPORTED 5 AUGUST e ———

| (umANG: LAUNCHED 2017 |

* One mobile app for services of the Central
and State Governments.

* Think: one app — multiple government
services.

ﬁ Citizen
— » services
Central
Government l
services —
‘—J o Schemes
ond benefits
i L
State UMANG FE—
g Uity
One app + Setvices
—— Multiple
o®e guvernman’c
m sgmcas —
Dther LN Iinformation
rnment services
services |

00o = (" AS REPORTED 5 AUGUST 2026 |
o | e Bl 2515
ek Over
71;:5‘6 crore 436 crore 27:822 ﬁﬁ ' for individual
gistered drciiriarits issuers. UMAN services for individuals.
L users. : [ ) o . :
"(DISTINGUISH THE FUNCTIONS | "(READ THE METRIC | ]
I = . 5
T Diloder bl | go UG s | ] S g s i i
documents pushed E users o access o Keep each figure attached o its own
by issuing bodies. ! services. | unit and reporting date.
I E—
= = = il * Both 2C les: ent
i )| (- ) |,

2015
Digib:cker
launched in 2015,

(@ [ bt

UMANG

launched in 2017.

~,

W e ey

Both are G2C Mmples
government services and

information for individuals. |

=
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DIGITAL COMMERCE: GeM & ONDC

GeM = GOVERNMENT e-MARKETPLACE | ONDC = OPEN NETWORK FOR DIGITAL COMMERCE

e Launched 2016.

e Online public procurement of
COMMON - USe goods and services.

» Owned by GeM SPV, a Section 8 company.

(] MINISTRIES /
DEPARTMENTS

" Government .bagelrﬁs\
~ procure on GeM I

A

Common=use
goods and services |

GFR RULE 149

" Central ministries /departments )
= must procure goods and seruicesJ

| AVAILABLE ON GeM through

2 | GeM.

— i
Mn‘:lahili.fg condition: |
goods and services

\ available on GeM

Buyer scope:
Central ministries/
departments

[ VERSION CAUTION (GeM)

. o GeM 3.0 launched on |
26 Jon 2018

26 January 2018.

o |t was a later version,
=1
|

do not label 3.0 the current

not the uriFi.nul 2016 launch; ‘
VErsion.

Dates and cumulative totals are not
interchangeable with annual figures.

{e.0. consumers,

* Launched 2022; run by ONDC Ltd.
* An open network linking buyers and sellers

in online trade.

BUYERS SELLERS
(e.q. retailers,

busingsses) small businesses)

Open Network
for Digital Commerce

N et
’IEPE'\ network linking | J

buyers and sellers |

KEY SNAPSHOTS

NOVEMBER 2025 SNAPSHOT (GeM)

e About 3.27 crore orders: |
cumulative value over

Z16.41 lakh crore. |

DECEMBER 2025 SNAPSHOT (ONDC)

E o QOver T1.1.*::. lakh retail sellers
ol

live in 630+ cities and towns.
DISTINGUISH THE PURPOSE

GeM ONDC
| Government buyers | | Buyers and sellers
procure. connect for commerce
) across an open network. | |
_______ 0 _P_WE_?C-:;E_F_  Setw |

e ONDC: trade connections.
o AP| Setu: connections between
data systems and

T o o e e s e e e e

overnment

IAS with Dr Ravi | iaswithdrravi.com
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HEALTH & LANGUAGE PLATFORMS
(e-SANJEEVANI ] [ CoWIN | ( BHASHINI |

o National telemedicine o Platform that managed  « BHASa INterface for India.

service. COVID-19 vaccination. o Mational Lansinas
o Launched NOVEMBER 2019. o Launched 16 JANUARY Translation Mission; MeitY.
e Over 48 crore patients 2021. o Launched in 2022 at
served, as reportied on o Over 220 crore doses Digital India Week,
5 August 2026. managed, as reportted on Gandhinagar.
e Function: remote access 6 March 2026.  May 2025 snapshot: 35+
to health consultations. e Function: vaccination languages and 1,600+

management. Al ma:dels.
* Function: reduce language
barriers to digital access.
apa

== @
E

Translation
for a more
inclusive India

* READ THE DIFFERENT COUNTS |
Patients served # vaccine doses managed # languages # Al models.
These snapshots use different dates and count different things; their totals are not directly comparable.

TIMELINE _ E-governance supports
20]‘1_ b 5 2021 M 2022 ] health-service access, programme
e-Sanjeevani | 71 CoWIN |7 7| Bhashini management and inclusion
through language technology.
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APl SETU & eSIGN: CONNECT AND AUTHORISE

APl SETU: MARCH 2020 MARCH 2026 SNAPSHOT
e MeitY platform under the

Open API Policy. 8,036 2, 559

o Departments publish Application APls. publishers.
Programming Interfaces (APIs) |
so other systems can connect </> mﬁ
to their services and data. _ nlnlle
CONCEPTUAL FLOW N i R
= | ( 626G example: |
—_ ‘ APl| — S — [ departments share '
ﬁ @ ’ .._;.. D y 3 da}iﬂ with other (
Department’s  published authorised il iyt 1 B 53:;7“‘55 i“mah /
system API connection or system : '\_._ -e “ﬂﬂﬁ__

eSIGN / e-HASTAKSHAR eSIGN WORKFLOW: DOCUMENT VERIFICATION

® An online electronic signature service.

® Provided by eSign Service Providers, = Sign Q= =
including the Centre for Development of | — d LG9 md (= —) E:"
Advanced Computing (C-DAC). —T dentity .
® (Government backgrounder, 8 December 2024: ,}E n‘;:r:f":f i verification E[e:m":"
all providers together had issued 81.97 crore J s, . pestiney dofim!r
e-Signs. process)
DISTINGUISH THE FUNCTIONS
r API Setu eSign | ONDC vs APl Setu
® Connects systems. o Enables electronic ' ® ONDC links buyers and sellers

e Departments publish APis in trade.

signing.

so other systems can connect o APl Setu links government data
systems with other 5y5+ems.

to their services and data. E
. | S-5-8
I

E:I (—@—-)I:::— °o
= == ONDC APl Setu

Government DOther systems Buyers and sellers | Government data
dq;nrfmen!' systems and applications | I in trade 1 systems with ather systems
¢ APls and publishers count different things; e-Signs are a separate service total.

® Each figure is a dated snapshot, not a current live total. }
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LAST-MILE ACCESS: FIBRE, WI-FI & CENTRES
BHARATNET PM-WANI COMMON SERVICES

Broadband to Gram Panchayats ~ Prime Minister WiFi Access CENTRES (CSCs)
over optical fibre. Network Interface. Under MeitY; deliver government
JUNE 2026 Public Wi-Fi through Public Data  and other services to citizens.

Offices (PDOs), joined up b
o 2.21 lakh Gram Panchayats Pub;f:‘-},gh afiizlr;gg::;n’?ars MAY 2026

service-ready. (PDOAs) and App Providers ;
o Points of Presence working registered under the scheme. . ;2; [iat: i':";tmmli CS::S'{
at 80,472 Gram Panchayats. e 39 la ram Fanchaya
s o k'd 28 FEBRUARY 2026 level.
® "“Service-ready” and “working : .
:?'i:;ts Di Prese: B e :J}?g,::ﬁpaff?ﬂi{kﬁ:;!m ® Over 800 services.
Lol 207 PDOAs; 113 App Providers
PM-WANI
Public Wi-Fi hotspot Citizens access
(PDO) public Wi-Fi
Points of Presence (through registered
BHARATNET (PoP) ,“Pfy -

NETWORK

& (ther services

e Connectivity infrastructure

and assisted service access are
complementary ways to reduce
exclusion.

Pinks of P~ 113 App Providers  Over 800 services

R optical fibre “adite S e WO
(to Gram Panchayat) P ——es— =
- KEY NUMERIC STATS (s on SPeciFien DATes) | EXAM COUNTING TRAPS
IT s COMMON SERVICES | Do not equate 2.21 lakh
'. BHARATNET PM-WANI CENTRES (CSCs) E @ s;rwice-ﬁadg Gram Panchayats
, TUNE 2026 28 FEBRUARY 2026 MAY 2026 | with 80,472 working Points
; o | of Presence.
| i - I
| 221 lakh| Gran 4,09,403 wi_;‘i{ gty | 01 lal | fckontl 655, | Not all 5.01 lakh CSCs are at
'_ working ; Gram Panchayat level; that
E - : - 3.91 lakhy | ot Grom Punchaget: | subset is 391 lakh.
| 80,472 | GrumPanchagals 997 | ppOAs level |
|= with working :
| |
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DIGITAL LAW: RIGHTS & PHASED COMMENCEMENT
 INFORMATION TECHNOLOGY ACT, 2000

AADHAAR JUDGMENT: 26 SEPTEMBER 2018

o Legal recognition for electronic transactions \ o Supreme Court upheld the Aadhaar Act and
electronic filing with government restricted mandatory us
agencies. f o 1 bulidited the 1Clevak port ok seion 5T

enabling private bodies and individuals to seek
Aadhaar authentication, including on a
contractual basis.

o |t did NOT strike down
| IT (Amendment) Act, 2008 £ da M
| » Assent: 5 February 2009.

= section 57.
e In force: 27 October 2009. — |
I

" DPDP ACT 2023 + RULES 2025

Digital Personal Data Protection (DPDP)

e Rules notified 13 November 2025; phased commencement over eighteen months.
o Read the exact provisions and dates; Board establishment does not mean all substantive

obligations already apply. —

( STEP 1 (sTEP 2 )

c—dg

13 NOVEMBER | 13 NOVEMBER =
2025 | | 2026 | 2027

o Assent: 9 June 2000.
e |n force: 17 October 2000.

Act sections 18-26: Section 6(9): Mast Chapter || Dﬂta Fldu:mr}r 4
Data Protection Board registering Consent Managers  obligations commence: L=
establishment and institutional  comes into force. sections 4, 5, 6(1)-(8), 6(10),
arrangements in force. and 7-10.
DATA FIDUCIARY * LAW BOOK TIMELINE (SELECT PROVISIONS) |
e A person who determines the purpose and o T (A - DPDP Act
means of processing personal data. 2000 s‘Ect, 008 Julgmit 4 Ru2t2§32o2 5 |
— —9 @ @ =
~r p— 9 June 2000 5 February 2009 26 September yamber
Determines == {"“‘“"ﬂ (Assent) 2018 {kuh:nﬁrﬁzd)
' | the purpose | 17 October 2000 27 October 2009 Phased
. < (In force) (In force) ;?"::”“"‘“t
| Data Fiduciary || i o

Related: cyber laws Topic 347; data protection Tapic 467.
Day 13 | Topic 127 | 10/12 | @iaswithdrravi
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INDIA IN THE UN E-GOVERNMENT SURVEY

'EGDI = E-GOVERNMENT | INDIA’S RANK, : |
DEVELOPMENT INDEX OUT oF 193 INDIA'S EGDI SCORE 2024 GRouP
R Ay HIGH EGDI,
gﬂ:fff“hm B 2022: 105 2022: 0.5883 rating class H3.
e EGD| = E-Government
Development Index. \ \ Hi gh
2024: 97 2024: 0.6678 H3
' Rank Score India was not in
improved increased the Very High
by 8 Places. by 0.0795. group.

THREE COMPONENT INDICES, 2024

e . ; Telecommunication
Online Service Index (0SI) Human C:}Pf;t}l;dﬁ (HeD) Tnfrastracture Tndex (TI1)

0.5700.

[oasa] 1

1

0
&(((A;))&

E-PARTICIPATION INDEX ~ READ THE METRIC CONCEPT
e Onli ices, h ital
India's 2024 rank: 61. » EGDI rank 97 and E-Participation a:;n‘?ef:g;:eisnfr:;‘:ﬂcctﬁ;a
rank b1 are different rankings. together describe the capacity
for digital government.

Q:aj * & ouk sl an lebee savs; || v s el T

* The component scores belong to Governance system and citizen-
the 2024 survey. service platforms are covered
separately in Topic T67.
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INCLUSION, SECURITY & THE BlG TIMELINE

( FIVE CHALLENGES |
@) viaimaL ovive | (@) crser secury | (3) ExcLusion

March 2026, 109.27 crore

|[ @) earaTioN

(@) oA protecTion

internet subscribers
versus over 133 crore

telephone connections.
Both count connections,

not unique people;

CERT-In handled over
29.44 lakh incidents
in 2025; more
platforms widen the
attack surfoce.

online-only services or
dependence on a single
ID can exclude people
unable to use them.
Aadhaar’s mandatory
use was restricted

weak links between

and too little process
rerzn-aineering were
MeGF's weaknesses.

applications /databases

most substantive
nbliga’cinns are still
phasing in, with the
notified eighteen-month
date of 13 May 2027.

neither tells how many
people are offline.

in 2018.
S\ 58

Weak database links

[

More platforms
— wider attack

Mumbers show connections,

Cannot use online services Full obligations

! : ; and limited £55
L not unique people. oy = risk of exclusion, | re-mgineer?;; ;nﬁen 1;"2!{; A
 CHRONOLOGY: THREE THREAPS |
[ LAws 2000 2016 2023 13 November 2025 Legal framework
O > O > O > O—= ewulwe? to enable
digital governance
513 H’Eﬁfcte Aadhaar Act DPDP Act DPDP Rules angd du.t?p i
18 May 2006 25 March 2015 1 July 2015 From e-governance
PLANS f."f > o N C? > &undat?nn to
C . v . transformative
NeGP e-Kranti Digital India diatal services.
September 26 Jan November ~ March 16 January
2009 2015 2016 o3 2022
PLATFORMS —0 12“10 O O O zgs ng Méﬂ 2&21
UIDAL first Digilocker UFl and  UMANG  GeM 3.0  e-Sanjeevani APl Setu CowlIN ONDC and
o Aadhaar GeM Bhashini

B 2018: Aadhaar judgment. sl 2024: india EGDL rank 97.

i : Which legal
Who runs it? ﬂ First launch What is Which h lega
m or later version? E counted? e reporting date? F:o;;r:::?rs
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GENETIC ENGINEERING: TWO CONNECTED APPROACHES

GENETIC ENGINEERING

Deliberately change genetic material to obtain a desived biological
result. Recombinant DNA technology and targeted gemome editing
are overlapping approaches, not wutually exclusive boxes.

RECOMBINANT DNA

Join DNA sequences, often linking a gene of
interest to o vector that carries it into a host cell.
The introduced DNA may remain on a plasmid or
integrate into a chromosome; it does not always
enter a random chromosomal site.

Gene of
interest

GENOME EDITING

Make & targeted insertion, deletion, modification
or replacement at a chosen genomic location.

Intended targeting does ot wean that wnwanted
edits are impossible.

Introduced DNA  Tntroduced DA integrates
remains on a plasmid into & chromosome

FOREIGN DNA: KEEP THE OBJECT CLEA

A transgenic host retains an introduced gene.
A purified product such as insulin is a protein,
not the inserted gene itself.

Some SDN-1 or SDN-2 edited

o~ plants can be free of exogenous
.. introduced DNA. The editing
. method and final genetic

| composition wust both be

THREE BASIC STEPS OF GENE TRANSFER EXAMPLES

Recombinant human insulin: Torgeted editing: Casgevy

Maintain it and bacteria produce a and India’s genome-edited
H GIATAInR 1T & tﬂ-i i ¥ .1. 3
i:.:::ilf?“:r:h | abows trsnanssion human protein n.u ua.m_ ies

to the host's

desirable gene.

Topic 126 supplies the background on restriction enzymes, ligase, PCR and gel electrophoresis.
Dayl4 | Topic137 | 1/14 | @iaswithdrravi.

Sources: 51, 512, 513, S16; AS.
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RECOMBINANT DNA: ISOLATE, CUT & AMPLIFY
1+ ISOLATE DNA Bacteria Plant r.:ells Fungi

Break cells open using suitable enzymes: W=

Bacteria —= lysozyme. .-

Plant cells = cellulase.
Fungi — chitinase.

The released material contains
DNA mixed with other molecules.
Ribonuclease removes RNA; \
protease removes proteins.
Chilled ethanol precipitates
purified DNA as fine threads.

WHY PURIFICATION MATTERS

Mixed RNA and proteins interfere
with obtaining clean genetic material.
Releasing DNA and purifying it are
distinct parts of the process.

o P
>

proteins
"é" oo
e

Purified DNA
as fine threads

. i Restriction enzumes arose gel electrophoresis
2 CUT AT SPECIFIC SITES recnanisa. pnr'tigulnr Aas.gd *uschack diggl:tion.
Restriction enzymes recognise DNA sequences. M T
particular DNA sequences.
Restriction enzymes cut DNA under .
suitable reaction conditions. Agarose gel

electrophoresis checks the digestion.
The source DNA and vector are
prepared so their ends can be joined.

Ligase will later reconnect compatible
ends.

The source DNA and vector are prepared so their ends can be joined.
Ligase will later reconnect compatible ends.

]]IU]]]]I+©—>©

3 « AMPLIFY THE GENE BY PCR Denaturation

PCR makes many copies in vitro using T T

Erimers and DNA polymerase. , s TR TY I \ b i Repeated denaturation,
epeated denaturation, primer annealing ~ N ITEED iwer annealing and

and extension can yield roughly a Primer annealing T extension can yield

leiﬂﬂ"Fﬂld ﬂmFIi'Fi.cﬂ.{iﬂn. PCR ‘ TIMIOTTT JI_) m rﬂug’ﬂ]? o billian-fold
HEAT-STABLE POLYMERASE L i) S CmPification.

Ta polimmse comes from Thermus aquaticus Extension / T

and withstands the repeated high-temperature ' -

sl’aﬁes. Ordinary heat-sensitive polymerases 111111T“_ AL ;@. :

would lose activity.

SEQUENCE CAUTION

The exact order of amplification and assembly depends on the cloning approach.
PCR copies DNA, whargﬁs ligation joins {m,gngants. R
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VECTOR DESIGN: ori, MARKER & CLONING SITE

4 « BUILD THE RECOMBINANT VECTOR

The gene of interest and vector are cut to provide
compatible ends. DNA ligase joins them,
producing recombinant DNA.

ori

Tetracycline
resistance

Vector

A USEFUL CLONING VECTOR NEEDS:

ORIGIN OF REPLICATION * ori

The DNA sequence from which
replication begins. Linked DNA
can be copied in the host. The origin
also influences copy number;

a high-copy vector helps when
many copies are required.

ori

CLONING SITES

Very few, preferably single
recognition sites for the commonly
used restriction enzymes.
Repeated sites can fragment

the vector and complicate cloning.

L

,‘
Ampicillin \ 2

b
. J Tetracycline
resistance 4

resistance

Sources: S1.

I, —>
\ Gene of interest \_

Cut vector

SELECTABLE MARKER

Helps distinguish transformed
cells from cells that received
no vector. Examples include
resistance genes for ampicillin,
chloramphenicol, tetracycline
and kanamycin.

%,
~((
Ampiclin o5

resistance resistance

PBR322 EXAMPLE

Its BamH| site lies within
the tetracycline-resistance
gene. Insertion there can
inactivate that gene while
leaving ampicillin resistance
intact.

BamHl|
e =
Ampicillin | A Tetracycline
resistance resistance

\ i ok v
Cut gene
of interest

DNA ligase

Recombinant DNA

TRANSFORMANT # RECOMBINANT

A transformant has taken up DNA.
It may carry a vector with

the desired insert or an empty
vector. Selection for the vector
alone does not prove that

the insert is present.

Transformant
with empty vector

Transformant
with insert

THE NEXT CHECK

Use insertional inactivation or
another screening method to
distinguish insert-bearing clones
from non-recombinant transformants.
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SELECT TRANSFORMANTS, SCREEN RECOMBINANTS

TWO QUESTIONS, TWO CHECKS
Did the cell receive a vector? | Does that vector contain the desired insert?

¥ 1 ¥ .

[ ANTIBIOTIC SELECTION [ BLUE-WHITE SCREENING

A selectable resistance marker allows
propriate transformed cells to grow
ﬁui«a susceptible, non-transformed

Insert foreign DNA within the p-galactosidase
coding region used by the system. Insertional
inactivation prevents the normal colour reaction.

cells do not.

pBR322: INSERTION INTO tetR

An insert at the BamHl site disrupts
tetracycline resistance.

Vector without

Recombinant with

Non-recombinant | Recombinant
vector i .
e 3h @ |
J\“-'_'_'_'" -t ' ° . i P —'-—""_";/(
both resistances | ampicillin-resistant, WHITE OR COLOURLESS
remain. | tetracycline-sensitive. B LIS COLONIES

a-"f.-.-._'_-_ -‘-‘-‘-“-— -,
Compare growth across plates containing
different antibiotics. The ampicillin plate
identifies transformants; the tetracycline
comparison helps distinguish recombinants.

Vector without the insert; the

Insert disn;fcs
Ampicillin plate Tetracycline plate the colour-producing enzyme system; these
(identifies transformants) (helps distinguish enzyme sy remains  are candidate recombinant
active on a chromogenic  colonies in this simplified
= substrate. screening system.
EXAM TRAP
Blue does not mean recombinant.
The loss of the colour reaction is the important clue.
\ A .
i Transformants and recombinants are not interchangeable terms.
ALSO REMEMBER A antibiotic-resistance marker selects DNA uptake; screening examines
L whether the desired recombinant arrangement is present.
Sources: S1. Day 14 | Topic 137 | 4/14 | @iaswithdrravi.
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CLONING VECTORS: MATCH THE HOST

PLASMIDS — BACTERIA BACTERIOPHAGES - BﬁCTERiA
Small DNA replicons can replicate Viruses that infect bacteria.

independently of bacterial Bacteriophages can produce

chromosomal DNA

many genome copies within
a host cell, helping
multiply linked DNA.

Copy number varies: some
plasmids occur at one or
copies per cell, while
others have about
15-100 copies.

Ti PLASMID - PLANTS

Agrobacterium tumefaciens is
naturally a pathogen of several
dicot plants. It transfers T-DNA
into plant cells and can
induce tumours.

Some retroviruses can transform 7
normal animal cells into cancerous 1%

cells. Disarmed vectors are "
engineered to deliver desired
genetic material instead

of retaining their original
pathogenic functions.

Scientists modify the
tumour-inducing plasmid

into a non-pathogenic vector
while retaining gene-delivery
functions. The modified system
can deliver genes of interest
into a variety of plants.

WHAT DISARMED MEANS

Disease-causing functions are removed or disabled
while useful delivery properties are retained.

It does not mean that every biological risk
automatically disappears.

RECALL CONNECTION
Vector choice depends on the host and intended use. Plasmids and bacteriophages belong
with bacterial cluning; Ti-based vectors with plants; retroviral vectors with animal-cell gene delivarg.

Sources: S1. Day14 | Topic137 | 5/14 | @iaswithdrravi.
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GETTING DNA INTO THE HOST

DNA NEEDS A DELIVERY ROUTE
DNA is hydrophilic and does not freely

cross cell membranes. Host cells must
be made receptive or DNA must be
delivered b\..« a suitable method.

2 [
BACTERIA ANIMAL CELLS
CALCIUM & HEAT SHOCK MICRO-INJECTION

Divalent-cation treatment, DNA is introduced

such as calcium, mokes directly into the nucleus.
bacteria receptive to DNA.  Remember the target
Recombinant DNA uptake  compartment, not only
uses ice — brief 42°C the needle symbol.

heat shock — ice.

PLANT CELLS

PLANTS AND

A gene qun introduces

DNA carried on gold or
tungsten microparticles.

ANIMAL CELLS
DISARMED VECTORS

Engineered pathogen-
derived delivery systems

BIOLISTICS

transfer recombinant DMA

into cells. Examples are
Ti-based plan‘f vectors
and retroviral animal-cell

f bl

TRANSFORMATION i ELECTROPORATION |
In bacterial genetic engineering, i An electric field temporarily increases |
transformation means introducing DNA ( 5 membrane permeability, allowing DNA entry. |
into a host bacterium. Its meaning : | It is used with cells such as bacteria |
depends on the biological context. ; and yeast. !
4 | |

DELIVERY MECHANISMS : i
Chemical treatment, micro-injection, particle ; :
bombardment, vectors and electric pulses provide I :
different routes across the cell barrier. t |

IAS with Dr Ravi | iaswithdrravi.com
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FROM AN INSERTED GENE TO A PURIFIED PRODUCT

7 « EXPRESS THE GENE

The introduced gene must be
expressed for the desired protein
to be made. Carrying DNA, copying
DNA and producing a protein are
different stages.

Introduced

Agitator
mixes the
contents :

Recombinant bacterium
carrying the introduced

genetic instructions

and pH are &2
controlled.

INSULIN CONNECTION

A recombinant bacterium carries
the introduced genetic instructions.

is the protein product. Saying that
the final insulin itself carries the
foreign gene confuses the production
organism with its product.

CONNECTED WORKFLOW

Temperature <

Stirred-tarlk bioreactor
(illustrative capacity: 100-1,000 litres)

The insulin obtained ofter purification 227y JF

SCALE-UP IN A BIOREACTOR

A stirred-tank bioreactor controls the culture
environment for growth and product formation.
Vessels of about 100-1,000 litres illustrate one scale
of operation; bioreactors also operate at other scales.
@ An agitator mixes the contents.

® Oxygen delivery supports the process where required.
& Temperature and pH are controlled.

A productive culture needs an appropriate controlled
environment, not merely a larger container.

Oxygen deliver
sagpnrts the ’
process where

required.

8 « DOWNSTREAM PROCESSING

Separate the product
from the culture.

Purify the desired

substance.

_ _ Formulate it appropriately,
| including suitable
preservatives where needed.

Drug products require clinical
evaluation and strict quality
control before medical use.

Idﬁﬂflfa +[ iSDtﬂ.‘tEf}_’_[ assemble J_’I deliver J_'[

vector

S -

select
and screen

rate

-}L express J-b[ scale up J-pl aSE ity

EXAM CHECK

A bioreactor supports production; downstream processing recovers and prepares the product.

They are complementary stages.
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TARGETED CUTTING & DNA REPAIR

T e o e S ——= T

GENOME EDITING

A chosen genomic site is modified,
inserted into, deleted from or replaced.
Classical nuclease editing uses a
targeted break followed by cellular repair.

FOUR CLASSIC NUCLEASE FAMILIES
Meganucleases s zinc-finger nucleases (ZFNs) » TALENs s CRISPR-Cas systems.

DOUBLE-STRAND BREAK

Both DNA strands are cut at the target.
The cellular repair pathway then helps determine the outcome.

NHEJ * NON-HOMOLOGOUS END JOINING HDR  HOMOLOGY-DIRECTED REPAIR
Broken ends are rejoined without a matching A homologous template quides repair,
donor template. Small insertions or deletions allowing a specified sequence change
can result and may disrupt a gene. A gene in suitable condi{'ic:.r;i.
knockout is a possible outcome, not an automatic
result of every repair. m_l_m

=> T [

ZFN TALEN

A zinc-finger DNA-binding domain recognises TALE-repeat arrays recognise DNA; each repeat

the target; a Fokl cutting domain performs recognises a base. A Fokl domain cuts when paired.

cleavage when paired. Retargeting requires The repeat-to-base code makes custom design

redesigning the DNA-binding protein. more straightforward.

inc-fi Fok| ine=Fi Fokl
pm_zé?:df.;;g;:mh cutting domain Dmf:::df;;g::m‘,m Thhi;e“ﬁ::*pmws cui“l‘in; domain TA‘I,"EEG;?’E:::%?:? ¥
: -

NN, S 2N

IMPORTANT LIMIT These cutting-and-repair pathways describe classical nuclease editing.
e — Base and prime ediﬁng can avoid a double-strand break, so do not claim all edih‘ng requires orie.
Sources: 52; AZ-AS, AY.
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CRISPR-Cas9: GUIDE, SCISSORS & PAM

CRISPR

GUIDE RNA Casq

Clustered Regularly Interspaced crRNA carries the target- The DNA-cutting enzyme.

Short Palindromic Repeats.

In bacteria, repeats and stored partners with it. In {&bnru_;tn:{g
fragments from past invaders ?95“”“5 th.eg C4n I?E combine
contribute to a natural defence into one single guide RNA,

system adapted for genom

engmeering_

matching sequence. tracrRNA The commonly taught SpCasd

comes from Streptococcus
pyogenes; it is one member of

' sgRNA. a wider Casq family.

The target-matching segment
is about 20 bases; the complete
guide RNA is longer.

Cas9

Complete
Guide RNA guide RNA
(sgRNA) (longer)
Target-matching segment
(about 20 bases)
- PAM
- i ; 5NGG-3' .
Casq9 cuts both DNA strands
inside the adjacent target,
not at the PAM.
PAM RETARGETING NOBEL MILESTONE
Protospacer Adjacent Motif: Changing the guide sequence Emmanuelle Charpentier and
a short DNA sequence beside usually redirects the system Jennifer A. Doudna received the
the target that the enzyme must ~ Without rebuilding a custom 2020 Nobel Prize in Chemistry /€ 075888

. DNA-binding protein. This often  for developing a genome-editing /" Nobel Prize
Iﬁ';og::.l’f:IisF;c—:.ii:&l:s;-ﬂstf:ie' simplifies design compared with ~ method. Their programmable

&in Chemistry d

b ZFNs and TALENs, but PAM, CRISPR/Casd work was
oy mas: delivery and specificity published in 2012.
constraints remain.
EXAM CHECK
Chemistry, not Physiology or Medicine. Sources: 58-510; AZ, Ab.
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BASE EDITING, PRIME EDITING & EARLY MILESTONES

| BASE EDITING + 2016 | ' [PRIME EDITING - 2019

Komor and colleagues described programmable |  Anzalone and colleagues described a search-
chemical conversion of a target DNA base and-replace appmna'l.

without requiring a double-strand break or A Cas0- vickase:ts Fised 1o S
donor DNA template. as9 nickase is fused to a reverse transcriptase.

A prime-editing guide RNA, pegRNA, both

It is especially useful for certain base identifies the target and encodes the intended edit.

substitutions. Base-editing systems have

editing windows and can alter more than one It can make substitutions and small insertions
susceﬁtibie base. A sinqie editing event need or deletions without the standard double-
not change only one isolated base. strand-break route.

"~ base editor prime-editing guide RNA,
v pegRNA

(_HISTORICAL CHRONOLOGY )

1972: 1973: March 2011 2012: 20lé: 2019: 2020:
Berg's grou i Cohen nn:t - Charpentier's programmable biaiss prime Chemistry
constructed  colleagues publis tracrRNA discovery  CRISPR/Cas9 iting. iting. Nobel to

chimeric recombinant  biologically functional pubﬁshlzd. L ccicsors. g sditing Charpentier
DNA in vitra. recombinant and Doudna.

plasmid cloning.

O B PHD®DG

EXAM CHECK

Base and prime editing are editing methods, ources: i
not addiﬁgzal mm:%r nrdinarg double- SL“_ 51,54, 55,58, 59; AZ-A%; Al

strand-cutting Cas9.
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CASGEVY & INDIA’S BIRSA 101

CASGEVY -« EDIT THE PATIENT'S OWN CELLS  Collect Edit Return

Blood stem cells are collected, edited using
CRISPR/Casq and returned to the patient.
Increased fetal haemoglobin helps prevent
abnormal sickling. This is somatic-cell
treatment, not embryo editing.

, Blood stem edited using and returned
cells are CRISPR/Cas9 to the patient

collected f
0 % Increased fetal
haemoglobin helps

prevent abnormal
sickling.

US FDA: sickle-cell disease
in patients aged 12 and
older.

O >

UK MHRA: sickle-cell disease

and transfusion-dependent E
B-thalassaemia in eligible

patients aged 12 and over.

The UK authorisation therefore preceded the first US approval.
CURRENT US UPDATE - 1 JULY 2026

FDA expanded approval to age 2+ for sickle-cell disease

with recurrent vaso-occlusive crises or transfusion-dependent
B-thalassaemia. The age-12+ figures above describe the initial
authorisations, not the current US age limit,

BIRSA 101 - 19 NOVEMBER 2025 STATUS CAUTION

Union Minister Dr Jitendra Singh tﬁz:ughmoi tbechi"t;glﬂ:w ro
launched the CSIR-Institute of s s e 'uh‘{w i mel
Genomics and Integrative Biology's & uiagtinir,al iva?!ﬁbilit

indigenous CRISPR-based 3
sickle-cell therapy platform. EXﬁM C.HECK

) Named in honour of Bhagwan Birsa Casgw,r edits the patient's
= Munda; PIB calls it India’s first | blood stem cells. Germline embryo

indigenous CRISPR-based gene therapy. | editing raises a different set of
= inheritance and consent questions.

Sources: S11, 512, 515; Al Dayi4 | Topic137 | 11/14 | @iaswithdrravi.
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INDIA'S GENOME-EDITED RICE

4 MAY 2025 ¢ TWO RICE VARIETIES ANNOUNCED

ICAR developed the varieties with CRISPR-Cas genome editing without adding foreign DNA.
Match the institute, parent variety and intended trait carefully.

DRR DHAN 100 - KAMALA PUSA DST RICE 1

Institute: ICAR-Indian Institute of Rice Institute: ICAR-Indian Agricultural

Research, Hyderabad. Research Institute, New Delhi.
Parent background: Samba Mahsuri, BPT 5204. ~ Parent: MTU 1010.

Purpose: more grains per panicle and earlier PIB reports 9.66-30.4% higher yields in
maturity. saline and alkaline soils. Treat these as

reported performance figures for specified
conditions, not a guarantee for every field.

CRISPR-Cas -\ LK
genome editing < o NEHA
without adding 77NN

foreign DNA .

el CRISPR-Cas S 1Y
"\ W 4L s genome editing S XY A2
M"‘r el without adding 7 = NRRRAZ)
B |/ || foreign DNA 7 /sl
Samba Mahsuri, DRR Dhan 100 _ o,/
BPT 5204 Kamala M -» N\ [
(parent) (edited variety) | e | |
! MTU 1010 Pusa DST Rice 1
 ; {parent) (edited variety)

fmore ariiks J.eariier m;turi'f:g
: PIE reports maturation
per pahicle about 20 days earlier,

at roughly 130 days.

The original 4 May release uses the spelling

DRR Rice 100 (Kamla); later official material uses
DER Dhan 100 Kamala.

ANDHRA LINK FUNDING CONTEXT EXAM CHECK
Union Budget 2023-24 Hyderabad + Samba Mahsuri
e ™ ot £500core for b ol

states mentioned in the

genome editing in _ New Delhi + MTU 1010
announcement.

agricultural crops. belongs with Pusa DST Rice 1.
Absence of introduced foreign DNA
does not remove the need for biosafety

review and applicable variety-release
requirements.
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INDIA'S RULES: SDN-1, SDN-2 & THE EXEMPTION

REGULATORY FOUNDATION
The Rules of 1989 cover hazardous

. GEAC |
microorganisms and genetically |
engineered organisms or cells under
the Environment (Protection) Act, 1986.

GEAC works within this framework;

see Topic 126.

SDN = SITE-DIRECTED NUCLEASE

SDN-1 SDN-2 SDN-3
a targeted break is repaired a supplied repair template SDN-3 involves insertion of
without an externally supplied ‘ guides a defined sequence larger DNA sequences and is
template; the cell’s repair can alteration. not within the stated exemption.
produce small sequence changes. | X
¢ o\ V¢ T
Zi P@ bl i@@

| free of exogenous
introduced DNA

Il I'“Ibﬁ\u.@ .

30 MARCH 2022 » MoEF&CC
OFFICE MEMORANDUM

Exempts SDN-1 and SDN-2 o
genome-edited plants from '
Rules 7-11 of the 1989 Rules
when they are free of exogenous

17 MAY 2022 - DBT GUIDELINES

Guidelines for the Safety
Assessment of Genome E) ‘[
Edited Plants, 2022,

= followed by regulatory-
review prncedurﬂs.

~| 2025 OFFICIAL CLARIFICATION

IBSC review and RCGM
acceptance form part of
the exemption process.

J Further J::velnpment,
evaluation and variety relense

introduced DNA. ;‘;‘;ﬁi‘;b‘;"{':ffs_*" ohher
THE CONDITION MATTERS EXAM CHECK

The category label alone does not establish
that 'Forgig,n DMNA has been removed.

Early research remains under containment
L and biosafety oversight until the required
B¢ evidence is accepted.

A bounded exemption from specified
rules is not exemption from all regulation,
It applies to qualifying plants,

not automatically to human therapies.
Sources: 516; AB.
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ETHICS, INHERITANCE & FINAL SAFEGUARDS

SOMATIC VERSUS GERMLINE EDITING

Somatic editing targets a patient’s
body cells, as in Casgevy's blood
stem cells.

Germline editing alters eggs, sperm, their
precursors or early embryos, pntentiallz
making changes heritable. Editing an embryo
before a pregnancy is one example, not the full
definition.

*

Eag Sperm

WHY THE DISTINCTION MATTERS

Unintended changes can affect future o _4i
generations; those future people cannot o 54 y
consent. Other concerns include unequal o [ w ~=P0 i
access, enhancement and eugenics. w0 J

HE JIANKUI CASE

-:'-l,'l:
==

November 2018: CLRS encodes a cell-surface The experiment 30 December 2019;
He Jiankui announced co-receptor used by many was widel a Shenzhen court
the birth of twin girls HIV strains; HIV uses ‘H,"‘ :andemneg. sentenced him to
after editing their protein, not the gene directly. three years in prison.
embryos at CCR5. HIV

—

THREE FINAL SAFEGUARDS

HOST MATCH

calcium/heat shock for bacteria,
micro-injection for animal nuclei,
biolistics for plants, and
appropriate disarmed vectors.

U COLOUR CHECK

In this screening system, blue
colonies t.a.rryr:lg mw:tt:r without
the insert; colourless colonies are
candidates for insertional
inactivation.

{J AWARD AND MEDICINE

CRISPR's 2020 Nobel was
Chemistry; Casgevy is not
embryo editing.

i
L}
1
]
[
1
]
[}
]
1
I
1
L)
i
i
]
i
1
L]
(]
i

‘;. D
_.—--a - . -,, \ ....
Blue colonies:  Colourless colonies: | cm' 2020 Casgevy is
vector without  candidate insertional | Nnbelswns not embryo
the insert inactivation. | Chemistry. editing,

Keep research launches, initial approvals and current indications distinct. Ethics and biosafety law continue in Topic 946.
Sources: 51, 57-512; A1, Ab, A10.
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GM, transgemc and genome editing

Genetic modification

Genetic modification alters Alter genetic
genetic material using material
biotechnology. -
Example transgenic crops

Examples include Bt cotton,

Bt brinjal and mustard hybrid
DMH-11. Their different approval
histories must not be collapsed
into one category of permission.

Transgenic crop: introduced gene

A gene from another organism is introduced into the plant genome.

Introduced gene
N {from another organism)
Plant DNA Plant DNA
(before) (with introduced gene)

India’s 30 March 2022 Office Memorandum

India's 30 March 2022 Office Memorandum
exempts SDN-1 and SDN-2 plants from Rules 7-11
of the 1989 Rules only when they are free of
exogenous introduced DNA.

—— [ Free of
SDN-1and |,/ introdu
SDN-2 plants

ENOUS

DNA Exempt from

=+ Rules 7-11

Scope of exemption
It does mot exempt every genome-edited plant
from every bissafety requirement,

Produced
foreign DNA

Sources: 59, 513, 527

IAS with Dr Ravi | iaswithdrravi.com

L @ of the 1989 Rules

2025 genome-edited rice varieties
The 2025 genome-edited rice varieties
were produced without addin
Contrast this final-plant condition with
transgenic crops carrying introduced genes.

i3 without adiding

Transgenic crops S
Transgenic crops are a subset: ~ IET )
they contain introduced R

genetic material from
another organism.

msturd

hybrid DMH-11

Bt brinjal

Genome editing: precise change
Genome editing changes DNA at a selected site.
SDN means site-directed nuclease; SDN-1 and SDN-2

are kinds of edit.
Ta tfed edit L
at a selectnd site @ ﬂ

Plant DNA

Plant DNA
(before) (with precise edit)

Conditional exemption

The exemption is conditional. Institutional Biosafety
Committee oversight continues until freedom from
exogenous DNA is established, with prescribed
reporting to RCGM.

Institutional Until freedom | _p_rmw
Emﬁﬂflh_l - from EXOQENOUS repu.r-tmg
l:ﬂﬂ'iﬂ'lltt'H: DNA is to RCGM

(1BSC) oversight established

Key examination questions

The key examination questions are:

o What was changed?

s Is introduced DNA present?

® Which requlatory route applies?

® What stage of approval has
the M'mhr crop actually

foreign. DNA,

= ;
Trunsgmr. Crogs
carry introduced
g
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Bt toxin: target-specific biological action

1. Bt and its insecticidal proteins

Bt stands for Bacillus thuringiensis,
the bacterium that produces
insecticidal proteins.

; Insecticidal
: roteins

. %na;tivﬂ

protoxin)

Bacillus thuringiensis

(Bt)

2. Activation of the toxin in a susceptible insect

Bt produces the toxin as an inactive protoxin.
The alkaline conditions of a susceptible insect’s gut
activate it.

Ingestion x4 7
susceptible et - -
ﬁ. -
o ’ R0 e
Inactive Alkaline conditions Activated
Emtomn _ of a susceptible _ toxin
(in Bt bacterium) insect’s qut (in insect qut)

3. Each toxin has particular targets 4. Gene-target examples

Each toxin has particular targets;
one Bt gene does not control
every agricultural pest,

Roman numerals (I, IT) and Arabic
numerals (1, 2) occur in different
gene-label conventions, Letter case
and numeral type matter when
identifying a gene.

5. Bt genes in Bollgard cotton
Bollgard II

(two genes)

Bollgard cotton
(one gene)

Carried one Bt gene,
CrylAc.

Dy 15 | Topke 146 | Panel 2 | @iaswathdrrav
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Bollgard I1 carries two,
CrylAc and Cry2Ab.

(Bt gene (notation) P".’!Ei.’.'j?,'ﬁffu Target pest (common name)
tein cantrolli
crylAc kabida Nalheortia
protein controlling Jpvsieen, vt yoleves
crylAb cotton bollworms
a protein controllin B
i crylAb T i i 9 m corn borer !

6. Regulatory approval detail

Bollgard II, event MON15985, was commercialised
in 2006. This is the regulatory milestone recorded
in GEAC’s 103rd meeting minutes.

7. Refuge and monitoring for resistance management
A refuge of non-Bt cotton and monitoring of pest
susceptibility were conditions of the early approval.
They are part of resistance management, not evidence
that every insect will remain susceptible indefinitely.

9. Separate topics
The biological mechanism and
the legal permission are separate

topics.
Biological mechanism Legal |:'l_=111issi|'.'n'|E

i i val
bt || S,
in susceptible insect’ meeting minutes for
ol {t.,gd.': kS | event MONI5985
&fﬂﬂ]. e (commercialised since

2006).
Day 15 | Topic 146 | 2/11 | @iaswithdrrayi
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Bt cotton: approval, adoption and resistance

1. First commercial permission (zouz)

India’s first commercial Bt-cotton
permission covered MECH 12,
MECH 162 and MECH 184.

A contemporary Lok Sabha answer
records the decision in March 2002;
the conditional three-year cultivation
period ran from April 2002 to
March 2005.

3. Unapproved Bt cotton sold in 2001

Before approval, unapproved Bt cotton
was sold in Gujarat in 2001.

The 16 April 2002 parliamentary answer
records action concerning Navbharat Seeds.

Timeline: 2001 - 2024

2. Required safeguards

Required safeguards
included non-Bt refuge
planting and monitoring
bollworm susceptibility.

4. Adoption status (2024)

The Agriculture Ministry's 6 August 2024
reply gmribes Bt cotton as the only GM crop
approved for commercial cultivation and
reports over 96% of cotton area under Bt cotton.

This is a dated Bt figure, not Bollgard Il alone.

il 2002 -
2001 March 2002 mlﬂu 2005 2006 January 2010 2014 b August 2024
? @ @ @ @ @ s
First commercial Conditional laard I Reports described CICR's 2014 Over 96% of
L:tw permission for three-year mmwﬁmd pink-bollwarm studies found cotton area
sold in Guioral  MECH 12, MECH 162 cultivation period " (200), survival on  Sunvial ord Lo gy st
in 2001. ard MECH 184 ran from Baligard in pon: oo iy T el
(recorded in April 2002 to Saurashira CrylAc, Cry2Ab H“ﬁ;
March 2002). March 2005, (January 2010). T e

5. Resistance ﬁ'ndihgs

.. {survival reported
Resistance matters: January 2010 reports | g oL
described pink-bollworm sumval on Bollgard :l"""‘t‘. ; oy
in Saurashtra. in 2014}
CICR’s 2014 studies found survival on genuine w Ly i
Bollgard Il and resistance to CrylAc, Cry2Ab combination
and their combination in Amreli and Bhavnagar. {""mf,”’"

Seurces: 55, 56, 57, 519, 523, 529

Dy 15 | Topke 146 | Panal 3 | @iaswathdrrav
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mhmﬁm in Téutls ﬁ-;ln da 2
Amireli and Bhavnagar. re, o

Boligard [l ‘alome.

b. Key takeaway
T
spriial, widespredd hY
adoption and lasting ; it
pest susceptibility are ( ) (over 96%

different claims,

in 2014}
Kesistance management - J
remains important y ¥ Mﬁ;
after commercialisation. {zmyzom

Day 15 | Tepic 146 | 3/11 | @iaswithdrravi
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Bt brinjal: recommendatlon and moratorium
" 1. Scientific trait =

e Bt brinjal carries crylAc against
fruit and shoot borer.

Fruut and shoot borer

® Mahyco developed it with
public-sector partners including _sa ¥/
Tamil Nadu Agricultural University 75 2
and the University of Agricultural
Sciences, Dharwad.

% @ Kills frmi and

CrylAc protein ~ shoot borer
2. Regulatory recommendation 3. Government decision | Bangtl]aftesh){sepnrde
On 14 October 2009, GEAC recommended  On 9 February 2010, the Government | 3 "
environmental release and referred the imposed a moratorium. Release was | GEAC's 2018 minutes

| record commercialisation
of Bt brinjal in Bangladesh
in 2013. Approval in

|
|
to await independent scientific work :
|
I another country does not
I
:

establishing safety to the satisfaction .
of the scientific community and
the public. 4

matter to the Government.

determine India’s
| regulatory position.

(14 October 2009)
Recommended

| L " Government |
environmental release (9 February 2010)

y. and referred the matter .- Imposed a

| tothe Government. |- Referred to L oratoRiee.
— -4 (Government .

ladesh
S Bd{rgum =
| WSl Commercialisation |
3l f Bt hnnpl

Release to await
independent scientific | SGREL
work establishing safety r ¥ S
to the satisfaction of | IRl
the scientific community | Jr \

e and the public :
|

Immﬂm clarifications Chrnnnlugg (examination anchor)

® This precautionary pause must not be described as a permanent
statutory ban. Equally, the 2009 recommendation must not be

sented as an operational permission f ial
E:ﬁv';tiunain I:d?: AR PEIICASERC IR moratorium, 2013 Bangladesh commercialisation.

® A crop can possess an effective insect-resistance trait while ThesF events concern different authorities
still being subject to a release restriction. and jurisdictions.

Chronology is the examination anchor:
2009 GEAC recommendation, 2010 Indian

Sources: 524, §25 Day 15 | Topic 146 | 4/11 | @iaswithdrravi

IAS with Dr Ravi | iaswithdrravi.com 147



DAY 15 | TOPIC 146 | VISUAL 5 Back to index

mmmnnmu

AIM. PREPARE. ACHIEVE

DMH-11: how hybrid seed productlon works

What is DMH-11?

DMH-11 means Dhara Mustard
Hybrid-11. Its applicant is the
Centre for Genetic Manipulation
of Crop Plants, University of Delhi,
working on oilseed brassicas.

The barnase—barstar system
enables hybrid seed production.

Crossing scheme for hybrid seed production

Varuna (female parent) _,;5;;;-, EH-2 (male parent) DMH-11 hybrld
« Carries barnase. o\ 7 » Supplies barstar, -/ (fertile)
* Barnase is a ribonuclease \ an inhibitor of -~-‘ i e In the hybrid, W A
from Bacillus amyloliquefaciens. W barnase. A\ E::m';s:xg"sm \ I3t
o It breaks down RNA and X U =P fertilty is restored. Y
produces male sterility in R N GEF e |
the Varuna female parent,
preventing ordinary
self-pollen production. 4
Male sterile Fertile Fertile
(no functional pollen) (produces pollen) (pellen production restored)
Molecular mechanism: barnase-barstar The bar gene as a selectable marker
Barnase ; Barstar e The third important gene
(ribonuclease) ) (inhibitor) is bar. 2 :
o It confers tolerance to
Bnrngse-—ii:.istar bar glufosinate and is used
(ﬂ::&m) ' as a selectable marker

b and for selection during
seed production.

Restriction on herbicide use in farmers' fields

Barnase breaks down RNA IS'L;:;;;HSZ':‘LE‘::::’
E‘:‘"‘tihirﬁ:‘r‘lfﬁi Eﬂiiit;::fgt and fertility is restored. o This technical use does not

authorise blanket spraying of

Important clarifications herbicide in farmers' fields.

» Remember the direction: barnase is the RNA-degrading enzyme;
barstar inhibits it. Reversing the two destroys the explanation
of the hybrid system.

« Also separate institution from technology: Delhi University's
CGMCP is the applicant, not an ICAR institute. ICAR has roles
in testing and oversight; that does not make it the developer.

Sources: $23, 526 Day 15 | Topic 146 | 5/11 | @iaswithdrravi
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Mustard approval: the exact stage matters

What happened in 20227

GEAC's 14T™ meeting on 18 October 2022
recommended environmental release
of DMH-11. The Central Government
accepted the recommendation and
conveyed approval on 25 October 2022,

| Central Government |

Approval conditions (2022)

The appmml eonditions included:

a four-year period, renewable
for two years at a time on
a compliance report;

restrictions en herbicide
formulations in farmers' fields;

and revocation if adverse
environmental or human-health
effects were demonstrated.

The approval staircase

1. Research
Laboratory and confined

research on the frait.

Historical decisions

The 2022 decision concerned conditional
environmental release for seed production and

EQ testing. The 2024 spit judgment did nt produce
e W 0 matjority decision on the challenge to that approval.

Sources: 51, 52, 526, 531

-
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[ 25 October 2022 |
oo il |

Z Conditinml environmental
release (2022)
For seed production and testing
before commercial release.

What does the decision cover? .
The decision concerned seed ;

production and testing before
cammerma[ release.

the same as unrestricted
commercial cultivation
by farmers.

Subsequent legal developments

The legal dispute subsequently produced
separate Supreme Court opinions on
23 July 2024. A split opinion is not a
majority decision either validating or
cancelling the approval.

Court record in 2025

A March 2025 cause list confirms
a three-judge Bench. :

\f 3. Cmmu'u:l ulme
Unrestricted commercial
cultivation by farmers.

T — e ——— s

Permission has a defined scope

Environmental release, testing and farmers’
commercial cultivation are distinct regulatory
stages. A decision applies to the activity, period
and conditions it permits.

Day 15 | Topic 146 | 6/11 | @iaswithdrravi
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Supreme Court: split opinions, common directions

Gene Campaign v. Union of India, 23 July 2024:
Justices BV. Nagarathna and Sanjay Karol differed on the DMH-11 approval.

( Nagarathna \ Karol )

Justice Nagarathna Justice Karol favoured '
- favoured quashing it, upholding the conditional
citing procedural failures, _ (f approval of the expert body. i
the precautionary principle, \Q\ b He treated a ban on | 4
public trust and the right _ Y = herbicide-tolerant crops \Q\V .. [T+ 5.
| to a safe, healthy | as a Government M
environment under policy question. S\

 Article 21. G
! J)
There was no majority outcome on the approval. = > .
The Registry was directed to place the matter before the m N |
Chief Justice of India for an appropriate Bench. Chief Justice of India
J\} for an appropriate Bench.
| Both judges agreed on these directions: |
| o Judicial review of GMO The Union should evolve a Consult agriculture and
decisions is permissible. national GM-crop policy biotechnology experts,
g covering research, State Governments and

cultivation, trade farmers’ representatives.
and commerce. o

Al SN V) adadd

e MoEF&CC should organise e Check expert credentials o Imported GM food, including

national consultation, and disclose conflicts of edible oil, must comply with
preferabl Section 23 of the Food Safety =3
months. and Standards Act on =
.k packaging and labelling.
-~
Sources: 51, 52, 520 Day 15 | Topic 146 | 7/11 | @iaswithdrravi
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(Genome-edited rice: two varieties, two traits

On 4 May 2025, Union Agriculture Minister Shivraj Singh Chouhan announced
two rice varieties developed through CRISPR-Cas genome editing without
addmg Faralgn DNA.

— \ l,---'
| "DRR Dhan 100, Kamala Pusa DST Rice1 |
Developed by ICAE-Indmn Institute Developed by ICAR-Indian Agricultural

of Rice Research, Research Institute,
| Hgdembﬁd New Delhi
From (parent variety) Samba Mahsuri, .
| BPT 5204 From (parent variety) MTU 1010
Trait (stated aim)  More grains per panicle. Reported trait potential Reported potential:
66-30.4% hi ield
| Maturity It matures about 20 an'jS :1 saline a:d?alklgit:: E:ls
. earlier, in approximately
130 days. Potential for
' 9. 66 30 4%

(typical duration) =

(approximately) o |

Alternative reported name Regional context Not Bt not DMH-11
Andhra Pradesh and T

PRR Rice 100 Telangana were amon

(Kamla) is another the Saates named nr'ug Err;nm-tdmd
reported name ¢ the announcement. not B crop pes

for the first T o . v and nat DMI-I 11,

variety, :
Regulatory explanation Important note
y g A ecels st and'a
Their requlatory explanation rests on the Bl i il trait advantage should
R@ SDN-1/5DN-2 framework and absence of At m:! T“"‘-ﬂl into a guarantee of
introduced foreign DNA, 3 QS iosuce qetiniace . 581y
Sources: 513, 527 Day 15 | Topic 146 | 8/11 | @iaswithdrravi
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IAS with Dr Ravi | iaswithdrravi.com 151



DAY 15 | TOPIC 146 | VISUAL 9 Back to index

IAS WITH DR RAVI

AlIM. PREPARE. ACHIEVE

Six biosafety bodies: who does what?

The 1989 Rules were notified on 5 December 1989 under the Environment (Protection) Act, 1986.

Department of Biotechnoloau (DBT ~ Ministry of Environment, Forest and
i teehoology) (PETD s Change (MoEF&CC)
RDAC RCGM

Recombinant DNA Review Committee on GEAC
Advisory Committee Genetic Manipulation Genetic Engimeringhppmisul Committee

« RDAC is in DBT. » RCGM is in DBT.

« It reviews biotechnology o It monitors ongoing research T

developments and advises safety, handles relevant * GEAC is in MoEF&CC.

on safety requlations and imports and exchanges, + It appraises large-scale use and environmental

long-term research policy. and reviews confined- release, including relevant field trials, and has

field-trial applications. powers under the environmental framework.
@& 59 4
IBSC SBCC DLC

Institutional Biosafety Committee State Biotechnology Co-ordination District Level Biotechnalogy

Committee Committee

» |IBSC operates within an institution » SBCC is chaired by the Chief Secretary, = DLC works under the District Collector.

handling such organisms. It inspects, investigates violations o It monitors installations, identifies
o It implements biosafety guidance and reviews safety controls and hazards, coordinates emergency
and prepares on-site emergency damage. response and prepares off-site
plans. emergency plans.
__| On-site emergency plan Off-site emergency plan ]
0 (prepared by IBSC) | Potential risk (prepared by DLC)
L —— Y VI Ll e,

e B
. el (off-site)

Sources: 54, 528 Day 15 | Topic 146 | 9/11 | @iaswithdrravi

IAS with Dr Ravi | iaswithdrravi.com 152



DAY 15 | TOPIC 146 | VISUAL 10

Back to index

IAS WITH DR RAVI

AlM, PREPARE. ACHIEVE

State consent, food law and biosafety treaty

1. State NOC for |
confined field trials |

For GEAC consideration of
confined field trials, a no-objection
certificate from the State or
Union Territory is required.

» Agriculture is a State subject.

e Complaints of illegal GM
cultivation reaching GEAC are
referred to the Chief Secretary.

Its Mmlstry remains MoEF&CC.

[ 2. GEAC

(enwronme.ntul release)

The current GEAC name is
Genetic Engineering Appraisal
Committee.

3. FSSAI
(food-law requirements)
GM food is also qoverned by the

Food Safety and Standards
Act, 2006, administered by FSSAL

Food Safety and Standards
Authority of India

The name changed from Genetic
Engineering Approval Committee
to Genetic Engineering Appraisal
Committee in 2010.

o Section 22 restricts manufacture,
distribution, sale and import of
genetically rnn:h?‘:d articles of food,
subject to what the Act and its
regulations allow. It is not an
exceptionless total ban,

 Section 23 governs packaging
and labelling; the Supreme Court’s
July 2024 common order applies it
to imported GM food such as
edible oil

( Biosafety treaty ( Protocol) Different regulato utstmns 1
bbbl 4 "3 '3 . J
Convention on A crop-release decision, a State ﬁtldltrml NOC
Bialogical Diversity (CBD) and El food-law requirement answer different
requlatory questions,
5 J | 9 'd'. q
Cartagena Protocol / A
" India has been a Party to the State fikd-tral )| [ GEAC
. Cartagena Protocol on Biosal [ — - J | mL" 4 |
since 11 September 2003 Permission for 3
i . . Environmental
through ratification. "““E“:dsf':tti z‘ﬂ" :,IH; ks manafacture, distribution,
— = : ; the environment. | sale, |
Union Territory, and | “EE; ﬂﬁg&

Sources: 54, 55, 514, 520, 528, 532
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Assessing benefits and risks without overclaiming

@ Trait-specific potential benefits @ Study findings

Potential berefits depend on the particular crop A 2012-2015 ICAR study of 2,700 farmers

and introduced trait: pest resistance, tolerance across 18 cotton-growing dtvicks of Mahavaskira
to stresses such as drought or salinity, reduced venorted Wiaher drernae seid-cotton veeld
post-harvest losses, or improved nutrition, af;e.r 8t adoption. g J

with golden rice as an example. These are possible
applications of biotechnology, not features present
in every GM crop.

RS 2012-2015
ICAR study

2 S 18 Higher average
Tolerance to Reduced Improved -growi : g
ek e bt mirton | onigroig chr 5 adopton
Fa rice -
drought or salinity ~  losses o unmpitg of Maharashtra

@ Biological risks

Risk and governance concerns include resistance evolution, ecological uncertainty, adequate tes’tin%,
monitoring and regulatory compliance. Pink-bollworm resistance in Gujarat provides a specific biological example;
illegal Bt sales illustrate an enforcement problem.

Resistance evolution (selection cycle) W e O { Ecological uncertainty :
B e Bt crop kills {a specific example) | (may affect non-target organisms,
with woriation G @ suiceptible pesks. ; :

in resistance.

\@) E-Lﬂi"in'f miijplu
7 R

Gover uesti i Herbicide-tolerant crops | The Supreme Court’s Technical
@ nanse q 1 - P " Expert Committee, constituted
Herbicide-tolerant erops survive in May 2012, recommended

ICAR feeding studies involving broiler chickens, lambs, = particular weed-killers.

cows and goats found the tested feed safe. That does o ?umghé::;‘.: ol ‘t‘:‘t‘: o

not prove every GM product is safe in every setting. ! Fckialer | Soinion treste sf:h Py
~ J P weed-kilers | a3 a policy matter.

Goats | Herbicetolerantcrop  Weeds are
chickens | survives. ifled.
Bﬂl‘lglﬁg it {‘ugeﬂ'ier A balanced answer distinguishes evidence from a specific study, a possible trait benefit,

a judicial concern and an actual requlatory decision.

e il g

Day 15 | Topic 166 | /N | @iaswithdrravi
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DRDO: origin, vision and mission

DRDO is the Defence Research and Development Organisation, the Ministry of Defence’s

research-and-development organisation for indigenous defence and security technology.

It was formed in 1958 by combining the Indian Army's Technical Development
Establishments and the Directorate of Technical Development and Production
with the Defence Science Organisation. It began with ten establishments or laboratories.

A separate Department of
Defence Research and
Development was formed in
1980. Thus the organisation
predates the department
under which it now works.

iﬂdim‘l ;myr's r e
i Defence Science
Technical Development bopiment and Prodiict; 3¢
Estub!ishmen;s DesE opinen ; ok ﬂrgr;msntmn
|

Combined in E [ Ministry of Defence ]
1958 ; !
i [ Department of Defence J

DPRDO Research and Development

(formed in 1980)
Began with ten establishments

or laboratories.
Vision:

empower the nation with state-of-the-art indigenous
___ defence and security technologies and systems.

e T e R,

i W W - ™ I H&d&'ﬂ] ¥ ;
Five mission functions: 4 s gt el i j 22 %
equipment for land, air, sea, 4 ‘é .ﬂ

space and cyber domains. f 1

2  Support production and L=
induiction of developed systems. §

5 Build test facilities, certification
capability, skills and human

resources. ﬂ DRDO
i Mission
Functions

&

3 Provide technological
solutions fo the Services. >

Keep the departmental distinction clear:
DRDO hr:mgs to Defence. ISRO, its launch vehicles

ond the commercial space company NSIL belong to
the Department of Space.

Sources: 51, 52, 5§14 Day 15 | Topic 147 | 1/9 | @iaswithdrravi

DRDO’s role spans development, testing and support to
induction; it is not simply a missile factory.

IAS with Dr Ravi | iaswithdrravi.com 155



DAY 15 | TOPIC 147 | VISUAL 2 Back to index

IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

Leadership and the two kinds of cluster

Leadership snapshot: 17 October 2026 Separate roles
As of 17 October 2026, Defence Secretary Rajesh Treat the combined Secretary-Chairman role

Kumar Singh, IAS, held additional charge as Secretary,  separately from the Defence Minister's political
Department of Defence R&D, and Chairman, DRDO. oversight. The snapshot date does not specify

A June 2026 PIB statement also identified him in the appointment's start date.
those roles.
Laboratories Two kinds of cluster

Organisation snapshot, 17 October 2026:

4 Seven technology clusters and
around 41 laboratories plus five DRDO Youn: 280

five corporate clusters are different

Scientist Laboratories. o - classifications, not twelve interchangeable
P technology fields.
5 DRDO Young Scrtis Laboratores  Each cluster s headed by a Director Generl,
Defence Minister J
Political oversight
)
Defence Secretary Rajesh Kumar Singh, IAS

Additional charge as Secretary, Department of Defence RED
and Chairman, DRDO

g ; 3

[ Seven technology clusters Five corporate clusters
Group laboratories by field Manage organisation-wide functions
[ I

| ' ' ‘ ' | i

| P T
@ @ © e @ o© @ @ ® e
Naval

' |
® @ :
Reromautical Armament  Electromics M Miggiles | Soldier  Technology Producton  Humam  Resowrce  Brahos

ml Combat ~~ and Blectramic  gnd  Systems awm Monsgement Coordiaion Rescorces  and
rmg Emmcﬂm D‘”Im St ood and Servies Managemerd
Sgﬂemﬂ S:Ffm Interaction
E @ % é a é
Key counts and classification Importan puins
® Avound 41 laboratories + 5 DRDO Young Scientist Laboratories | @ Each cluster is headed by a Director General.
{as per the official description), ® Seven technology clusters and five corporate clusters ore
® Seven fﬁhnulpw clusters group laboratories by field, dlf:irjﬂt d:&al ications, not twelve mt&ml‘ﬂngﬁulﬂl
- . tecl gy helds.
® Five corporate clusters manage organisation-wide functions. o BrahMoc s listed (e cpeecit lisbers:
Sources: 52, 53, 58 Day 15 | Topic 147 | 2/9 | @inswithdrravi
Dy 15 | Topke 147 | Panel 2 | @iaswathdrrav 67
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Aeronautical and armament laboratories

" Aeronautical Systems
Leadership snapshot, 17 October 2026: Anindya Biswas heads Aeronautical Systems.

Bengaluru examples: Agra:

p 4

Aerial Delivery Research
and Development
Establichment, ADRDE

Aeronautical Development {aas Turbine Research  Centre for Airborne Systems,

I
I
i
I
i
Establishment, ADE Establishment, GTRE CABS i
1
i

Do nat infer a laboratory's cluster merely because its project is a missile:
» w ADE, an aeronautical laboratory, is the nodal laboratory for the
June 2026 Long Range Land Attack Cruise Missile test.
Armament and Combat Engineering Systems
Armament and Combat Engineering Systems is headed by Prateek Kishore.
Chennai, Avadi:

Pune: Chandipur:

High Energy Materials

i
I
I
i
I
Armament Research and !
I

.-—*EIE*_ 0

Development Establishment,  Research Laboratory, s =
| Development :
The clster DG's office i on the ARDE campus. | covpivtn cvipe | Establishment, PXE
|

PXE and ITR are both associated with Chandipur, but they belong
i 1o different cluster fists and have different names.

| DRDO's wider programmes include

i Tejas, Pinoka, Akash, radars and

| electronic-warfare systems. Learn these
' as examples of a broad technology

' portfolio, not an exhaustive list

1 of one cluster's outputs.

Sources: 52, 56, 57, 58, 513 Pay 15 | Teopic 147 | 3/9 | @iaswithdreavi
Oy 15 | Topke 147 | Panel 3 | Gdasvathdrravi BB

IAS with Dr Ravi | iaswithdrravi.com 157



DAY 15 | TOPIC 147 | VISUAL 4

IAS WITH DR RAVI

AlM. PREPARE. ACHIEVE

Back to index

Electronics, computing, soldier support and industry

Electronics and Micro Electronic Devices, .
Communication Systems Cur:gutatuonal Systems Soldier Support System
Director General Cyloer Security Director General
B K Das Director General Upendra Kumar Singh
Sheena Rani R

Its listed |aboratories include
DARE, DEAL, DLRL, IRDE,
LASTEC and LRDE. |

Its field covers
microelectronics, computing
and cyber security.

| Listed laboratories (peers)

[ DARE | [ DEAL ][ DLRL |

[ IRDE | [ LasTEC | [ LRDE |

Leadership snapshot: 17 October 2026.
Personnel may change.

Industry pathway for defence-technology development

Techno Research capability Testing Transfer of

Development Fund and industry (on payment)
(TDF) de\relopmnt
Ind can also aceess DRDO licenses

A DRDO scheme nnﬁ‘é”im facilities technologies to
supporting defence- on payment. Indian industry.
technology development | J
by Micra, Small and |

Medium Enterprises,

The pathway is research capability, industry development,
including start-ups.

testing and technology transfer; development support
does not mean automatic procurement or export permission.

Sources: 53, 58, 516, 526, 529

Dy 15 | Topke 147 | Panal 4 | @iaswathdrrav
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Its focus is support
to the soldier.

Headquarters:
DRDO Bhawan,
Rajaji Marg, New Delhi.

—»

2025 polic
X policy

The earfier Transfer of
= Technology policy was
issued in September 2019,
A revised policy and
procedures were issued
in Jonuary 2025.

DRDO provides a standard
operating procedure for
or?ml:tuy gquipment,

Day 15 | Topic 147 | 4/9 | @iaswithdrravi
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Hgdembad ancl the missile cluster

 Leadership and location  Major Hyderabad missile laboratories j
Missiles and Strategic Systems is Three major Hyderabad missile laboratories are
headed by Jagannath Nayak. Defence Research and Development Laboratory, :
The DG's office is at Research Centre Imarat, RCI; and Advanced Systems
Kanchanbagh, Hyderabad. Laboratory, ASL.
Hyderabad Missile Cluster [’ TBRL )
(Telangana) . (Chandigarh)

Terminal Ballistics
Research Laboratory,
= }TBRL at Chandigarh. |

-

\

ITR

DG;; office

Kanchan , Or, Test Facility,
Hgd'em::fl Du.:;?;nl. Hgd:rab?d

Integrated Test Range, ITR,
at Chandipur, Balasere, Mﬂf}

DRDL and IGMDP | [ DYSL-Asymmetric Technologies | ( Five Young Scientist Laboratories

{ DRDL is closely associated with Listed address, 17 October 2026: | | Five Young Scientist Laboratories
the Integrated Guided Missile DYSL-Asymmetric Technologies, | | were dedicated to the nation on
Development Programme. Orange Test Facility, Dundigal, | 2 January 2020, each focused

- | | Hyderabad, on an advanced field.

The five Young Scientist :

- | | Laboratories were dedicated
‘ on 2 Janua 2020

1

On 12 June 2026, the Defence
| Minister m&ugumtad an Advanced
| Weapon System Complex there. J
" Laboratory and launch locations are different

Laboratory location and launch location are different. Several missile trials use Dr APJ Abdul Kalam Island
and ITR on the Odisha coast. This does not imply that every DRDO missile is designed in Hyderabad or that =

| all DRDO tests take plm in D:I:sha el
Sources: 54, 58, 512, 521 Day 15 | Topic 147 | 5/9 | @iaswithdrravi
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Naval and materials laboratories: city pairs
" Naval Systems and Materials

is headed by Balamuralikrishnan R.

The DG's office is on the NSTL campus 3
at Visakhapatnam.

L
[E 1 )l
Visakhapatnam Kochi Ambernath Hyderabad Kanpur

(Andhra Pradesh) (Kerala) (Maharashtra) (Telangana) (Uttar Pradesh)

NSTL NPOL DMRL DMSRDE
MNaval Science and Naval Physical and Maval Materials Defence Metallurgical Defence Materials and
Technological Laberatory, Oceanographic Research Laboratory,  Research Laboratory, Stores Research and
Visakhapatnam, Laboratory, Kochi. Ambernath. Hyderabad. IZ_'evelapme.nt
= — = —— | i Establishment, Kanpur.
hJISTE!HPﬂLErJ - DMRL / NMRL pair | L = ;
¥
Large Cavitation Tunnel at NSTL, Visakhapatnam {*!r!f"‘h“dj
elangana
On 3 April 2026, the Defence Minister laid the foundation stone * .
of a Large Cavitation Tunnel at NSTL, Visakhapatnam. ‘ 1 -
s LB e
'Ffuu:fw:'tful (for sludyh;jt:;;t;;“m on models) f:t:;:er&: r "1||E k¥ a0

T | e DYSL - Smart Materials
ﬂrﬂm‘f L = & = i RSV The cluster also lists

L e i A
y i

DYSL-Smart Materials

- ; at Hyderabad,
Foundation stone: 3 April 2026
Milestone only; operational status not established here.
A foundation-stone event is not a claim that the facility was already operational.
Andhra Pradesh focus Telangana focus DMRL and DYSL-Smart

NSTL and the Naval Systems 2 Materials are in Hyderabad,

_ ..__1 . and Materials DG's office
L. are in Visakhapatnam,

- while DRDL, RCI and ASL

" belong to the missile cluster.
A shared city does not place
every laboratory in the same
technology cluster.

Sources: 55, S8, 528 Day 15 | Topic 147 | 6/9 | @iaswithdrravi
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IGMDP and BrahMos: two programme histories

March 2012
AP.J. Abdul Kalam became Director of DRDL in 1982, yoy rons vune | 26 July 1383 "o 200
The Integrated Guided Missile Development Programme ~ became Director I,E:tm e F;“EP:‘;'; i
was sanctioned on 26 July 1983. of DRPL. I partiamentary reply).
o ® o——>
Integrated Guided Missile Development Programme (IGMDP)
9 P 9
Its five elements:
Prithvi Trishul Akash Agni
short-range short-range medium-range antl-tani: initially a re-entry
surface-to-surface surface-to-air surface-to-air quided missile. technology demonstrator,
ballistic missile. missile. missile. leading :j{: % lelisﬁc
missile family.

The Defence Ministry's 13 August 2012 parliamentary reply records programme completion in March 2012.
March 2012 is the programme-completion date recarded in the parliamentary reply.
Trishul is not the anfi-tank missile; Nag is,

BrahMos: a separate joint-venture history

12 February 1998
{Inter-Governmental Agreement

¥ signed in Moscow)
An Inter-Governmental Agreement signed in Moscow on =3 + Russia’
12 February 1998 established cooperation between India’s DROO | India’s | BrahMos . nop
and Russia's NPO Mashinostroyenia through BrahMos Aerospace. bRDO h.:en:“u;rr::ﬂ Mashinostroyenia

DRDO’ ate structure includes a Director General
Dr A.S. Pilla was the founder Chief EXECUtive  for Bralo amang s corprate s Do ot confue the ot vsture’s

and Managing Director. origin with IGMDP's sanction or count BrahMos as a sixth
original [GMDP missile.
Sources: S15, §19, 523, 524, 525 Day 15 | Topic 147 | 7/9 | @iaswithdrravi
Dy 15 | Topke 147 | Panal 7 | @iaswathdrrav K

IAS with Dr Ravi | iaswithdrravi.com 161



DAY 15 | TOPIC 147 | VISUAL 8

IAS WITH DR RAVI

AIM. PREFARE. ACHIEVE

Back to index

Three tests: satellite, MIRV and cruise missile

Mission Shakti

Mission Divyastra

Date: 27 March 2019

Technology: Anti-satellite missile test

Test location: Dr APT Abdul

Kalam Island, Odisha

Mission name: Mission Shakti

DRDO conducted an anti-satellite

missile test from Dr APJ Abdul

Kalam lsland, Odisha. It struck an
Indian satellite in Low Earth Orbit,

demonstrating anti-satellite
capability.

’ (LEO)

/‘ Indian satellite
/ in Low Earth Orbit

Date: 11 March 2024
Technology: Multiple Independentl
W Ta etF;lHe R:rnl'ry V'ehlgls
technology, MIRV

Test location: Dr APJ Abdul
Kalam Island, Odisha

Mission name: Mission Divyastra

The first flight test of an indigenously
developed Agni-5 fitted with Multiple
Independently Targetable Re-entry
Vehicle technology, MIRV, from the
same island. Tranzm stations followed
multiple re-entry veﬂadas

MIRV means that one missile can carry

multiple warheads directed at different
targets. The milestone is Agni-5's first
test with MIRV, not the first flight of
Agni-5 itself.

-~

targetable

= mem\rehr:’ses |

(MIRV)

m&epen ently

Long Range Land Attack
Cruise Missile (LRLACM)

Date: 15 June 2026
Technology: Land-attack cruise missile,
LRLACM

Test location: Dr APT Abdul
Kalam [sland, Odisha

Mission name: Long Range Land
Attack Cruise Missile (LRLACM)

Flight-tested from Dr APJ Abdul
Kalam Island. ADE, Bengaluru, was
the nodal laboratory; ITR, Chandipur,
supplied tracking. PIB reported that
the test objectives were met.

ADE Bengaluru lTR Chanf.lpur

Supplled tracking

A shared launch site does not make the three technologies equivalent:

anti-satellite interception, multiple independently targetable re-entry vehicles and
a land-attack cruise missile have different purposes.

Sources: Sil, 513, 522
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Recent milestones: Kusha and high-altitude surveillance

Kusha, 23 July 2026 High Altitude Platform System (HAPS)

DRDO’s maiden fliaht-test of a | PIB report: & October 2026

s maiden flight-test of a long-range :

surface-to-air missile from Dr APJ Abdul ":l" ”P.Ert Puhhsmgﬁ"ﬁ ?c}ube:'_ ﬁfﬁ. Hhan
Kalam Island, off Odisha. escribes a successful trial of a lighter-than-air

High Altitude Platform System, HAPS.

S
"‘.‘—
-

-

7 Electronic target
i (simulated high-cpeed
3 aerial threat)

30 minutes

& off Odisha

- | e oML T

PIB desgribes‘engagemn‘! of an EIFCtrMic surveillance. It reached 21 kilometres above mean sea level,

target simulating a high-speed aerial threat. stayed above 20 kilometres for more than 30 minutes and
was recovered,

This was a surveillance-platform demonstration, not a missile test.
The date is the publication date; the release does not give a separate trial date.

Together, these examples show why “latest DRDO test™ must specify both the cut-off date
and the kind of technology. A July missile milestone can coexist with a later October surveillance trial.

Coverage cutoff: 17 October 2026.
Selected milestones through 17 October 2026.

Sources: $20, 527 Day 15 | Topic 147 | 9/9 | @iaswithdrravi
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Background and constitutional basis

The Environment (Protection) Act, 1986 is an umbrella law that lets the Central Government

take measures, set up authorities, give directions and make rules to protect and improve the

environment; the examination asks E:}r its background, its key sections, its 2023 penalty changes
and the main rules and notifications made under it.

[ Stockholm, 1972 |

| The Act's preamble records that
decisions were taken at the United
Nations Conference on the Human
Enwironment, held at Stockholm il
in June 1972, in which India took SN
part. It says the Act is needed to 3§
implement those decisions on .
protecting and improving the
environment ‘and preventing
hazards to human h:lngs other

living creatures, plants and propery, 0

Article 253 (Aticle 48A (a Dirctve Principe) ) [ Article 51A(g] (a Furdamentol Duty) |
The Act’ was passed under Article 253, w1t directs the State to Emg citizen is to protect and
which empawers Parliament to gl : ' otect the environment gk ve the mlurul environment,

implement treaties, agreements R and to safequard the mclr.ui forests, lakes, rivers
::JH conventions, mdojwm made Fmsts and mhl life 3 R and wild life, and 1o Haive
at international conferences, -

ien for living ereatures,
associations or other bodies. The Fundamental Duties were
The Stockholm decisions are

[ Bhopal, December 1984 |

About 45 tons of methyl

isocyanate escaped from the
Unien Carbide insecticide plant
at Bhopal, Modhya Pradesh, [
Britannica dates the disaster
3 December 1984, The Act is Al
widely seen os o response to it MR iSHA

the relevant link here. § ‘ 53 |5 o RS in 1976,
Stockholm, June 1972 Article 253 Environment (Protection) [ Article 48A addresses
international decisians Parliament implements Act, 1986 g the State; Articke 51A(g)

| addresses citizens.
B’ Bhogal is historical

I context, mot the Act's
4§ sole legal basis.

L’i i i

environment

[ Umbrella law | [ Powers of the Central Government under the Act |

The Act gives a framework under which
the Central Government coordinates
the autharities set up under other laws,
such as the Water and Ar Acts

{la.ught on other duy;). and ﬂ"g"dat“ measures wthon ies dlrg?tnm: rules

industrial activity and coastal and
other sensitive_ ——— :l" i:o pru’cut and improve k/

the mrmmt

ik such as the Water and Air Acks
ather sensitive areas | tw o Wd‘!ﬂ
Sayrces: Day 16 Source Index | Tepie 157 | Section 2.1
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Point Detail
Number . ﬁ_ct No. 1‘_9_-:1" EEE ] g
" An Act to provide for the protection |
Long title and improvement of environment and |
Bl fo__r matters cunnfc_t%d ths;rﬂu'ﬂ_:h
Enacted 23 May 1986
= _I. 19 }Ja;eml-:er lﬁﬁ i'.r,' noﬁaiinn
| Came into force | SR 1IB(E) datd 12 Nvember 1986 | i
Extent | e whole of Tndia
” Ministry of Environment, Forest and
”'""t'{_ B Climate Change (MoEF&CC)
) Jan Vishwas (Amendment of Provisions) |
Major amendment | Act 2023 (Act No. 18 of 2023),
assent 11 August 2023
[ Key Dates ] s

\_._'_F - _
e

] commencement

R — ' —
23 May 1986 = 12 Nov 1986
enacted, Act 29 G.S.R.1198(E)
11

( Definition (section 2): |

Environment includes water, air and land,
and the inter-relationship among them and
human beings, other living crea%ures. plants,
micro-organisms and property.

Sayrces: Day 16 Source Index | Tepie 157 | Section 2.2

Day 16 | WAS with Dr Rani

IAS with Dr Ravi | iaswithdrravi.com

Hm\dlinq_ (section 2(d)) is broader

than use: it includes manufacture,
pmcessini, treatment, pnckag[n?,
storage, transportation, use, co lection,
destruction, conversion, offering for sale
and transfer. Read section 8 in this

full sense.

.'.'-;3'“ =='. = e
_:.1" e U —
marufacture processing -

Day 16 | TI57 - P02 | {@inswithdmravi
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The Act section by section (1/3)
Section What it provides
The Central Government may take all such

measures as it deems necessary or expedient 48
3(1) | to protect and improve the quality of the g8
environment and to prevent, control and abate 3
environmental pollution e

3(2) | The measures may include, among others:

o coordinating the States;

® & nationwide programme. against pollution;

o standards for environmental quality and for emission or |}
discharge; '

o restricting the areas in which industries, aperations or
processes may or may mot be carried on; g

® safequards against accidents and for handling hazardous

substances;

inspection of premises;

setting up or recognising laboratories;

research;

manuals and codes

3(3) | The Central Government may, by order in the
3) Official Gazette, cmsﬁhat:‘ﬁ Etharitg or

authorities to exercise its powers and functions,
including the power to give directions under &
section 5, under its supervision and control.

. Example: the National ﬁnngn Riue-r Basin Auﬂwi;g
(NGRBA), set up on 20 February 2009 under section 3

| Related sections and key functions ]
19-26

Central measures, standards, hazardous inspection, samples, complaints, powers,
officers, directions, rules handling, accidents %‘m Tufﬂl framework

.. (RE M3 J [ ¥ - @ -..'- i .‘* ! -- - : _I- _.-: :.l:_.:' -"il_ | — ;
\ FPRE . B y . ¥ ":_'_ . U___I '-_-‘ ! _'_—_— _}i
 These are statubory functions, not a cycle. Inspection assistance exceptions and samgle procedure matter.

Saurces: Day 16 Source Index | Tepie 157 | Section 2.1
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The Act section by section (2/3)

[ Saction What it provides
F—

The Central Government may issue written divections
to any person, officer or authority, notwithstanding
anything in any other law, and they are bound to comply. -
5 The power includes the closure, prohibition or regulation

of any industry, operation or process, and the stoppage  dah
or regulation of the supply of electricity or water or
any other service.

The Central Government may make rules on the
matters in section 3: quality standards for air, water
or soil; maximum allowable limits of pollutants; &R
6 procedures and safequards for handling hazardous
substances; prohibitions on their handling, and on the
location of industries, in different areas; procedures
to prevent accidents.

Ne person carrying on an industry, operation or
7 process shall dlsdurga or emit any environmental [ $|E
pollutant in excess of the prescribed stmiards ¢

. m—

No person shall handle a hazardous substance

8 except in accordance with the presanbad
procedure and safequards. B

b — -

[ Where an accident or other unforeseen event
causes, or may cause, a discharge above the 8
q stundmisﬁspemnrespms-blamutpremt

nn&hfpﬂ'-m

Saurces: Day 16 Source Index | Tepie 157 | Section 2.1
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The Act section by section (3/3)

Section What it provides

( L
Power of entry and i on by a person
empowered bggthc C;Pﬁ Gu?sm:ml; A g
10 from 1 April 2024, failure to assist without 5§
reasonable cause, or wilful delay or '
obstruction, attracts a penalty under
section 148

The Central Government or on officer N s
it empowers may take samples of air,
11 | water, soil or other substance from
any factory, premises or other place,
in the prescribed manner

Peralties, the adjudicating officer,
14A appeals and the Environmental

to 16B | Protection Fund, as rewritten

in 2023 (see 2.4)

No court shall take cogrizance of on offence
under the Act except on a complaint by
(a) the Central Government or an authority or 255
officer it authorises, or P
19 (b) amy person whe has given at least sixly days' &8
natice, in the prescribed manner, of the alleged [hE e
offence and of the intention to complain, to the 4 (a) Central Gevernment
Central Government or the autharised authority v i
or officer. From 1 April 2024 on adjudicating =
officer, or an officer he suthorises, may alse complain

Yy aso complain

B
The Act and its rules and orders have effect 551
notwithstanding anything inconsistent in &
24 | any other law (the section was substituted 3
in 2023) o

ANYTHING
INCONSISTENT
IN ANY OTHER Liw | BiS8

Saurces: Day 16 Source Index | Tepie 157 | Section 2.1
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Penalties before and after the Jan Vishwas Act, 2023 (1/2)

The 2023 Act replaced imprisonment with
monetary penalties for most contraventions,
with these changes commencing on 1 April 2024.

The enactment year and commencement date
are different. The penalty is decided by an

adjudicating officer, not by a criminal court. '. | .I

—

Before 1 April 2024

Point (old section 15)

From 1 April 2024 ]

(2023 amendment in operation)

| General contravention of | Imprisomment up to five years,

or fine up to one lakh rupees,
the Act, rules, orders or or both; up to five thousand

directions (new section 15 | if it continued

es a
applies where no other after :nnmian; imprisonment
| penalty is provided)

| beyond one year after conviction |
Excess discharge (section7) |
or unsafe handling of :
hazardous substances Covered by section 15
(section 8)

=l
. Covered by section 15

" A criminal court

Contravention of
sections 9, 10 or 11

Who decides

| Requlatory Process and Consequences |

(" 2023 amendmeit i Adjudicating officer
operative section-specific
1 Apr 2024 monetary penalty ‘

DICATING T
)

I Section 15:

up to seven years if it continued = the contravention contirues

I it continues

penalty of not less |
than ten thousand rupees, which |
may extend to fifteen lakh rupees; &35
ten thousand rupees a day while |F3

| Section 14A: not less than one lakh | ST
rupees, up to fifteen lakh rupees; |
| fifty thousand rupees a day while

Section 14B: not less than ten | S8¢5 <
thousand rupees, up to five lakh RECEES
rupees; ten thousand rupees a day JEaA

while it continues |

Mjudimting officer appointed I'Jg
the Central Government (section 15C): ¢
not below the rank of Joint Secretary
to the Government of India, or a
Secretary to a State Government

[ Appeal to NGT | Non-payment _'I
60 Jags from receipt; 90 days from
I imposition: section 15F

10% deposit

Detailed amounts differ under 14A, 14B, 15, 154 and 15B.

[ 15F: up to 3 years OR fine up to twice penalty OR both.

Sayrces: Day 16 Source Index | Tepise 157 | Section 2 4
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Penalties before and after the Jan Vishwas Act, 2023 (2/2)

[ Point | Before 1 April 2024 From 1 April 2024 WNee Sl aren

(old section 15) (2023 amendment in operation)
_ ) To the National Green Tribunal within sicty days B
Appeal | Ordinary criminal appeal | of receving the order (section 15D); the appellart RIS
must first deposit ten per cent of the penalty, (RIS

— — —— P

[Caumies (section 15A) ] LGow.rnmt departments (section 15B) ]

not less than one lakh rupees and up to fifteen the Head of the Department is liable to a penalty alm!
¥

lakh rupees, and one lakh rupees a day while to one month's basic salary, unless he proves that
the contravention continues. occurred without his know or instructions, or that

he exercised all due diligence. An officer other than
1A the Head whose neglect caused the contravention is also
jrb e e s s %y ighle to one month’s basic salary, subject to the
one lakh due-diligence defence.
rupees a day 5 T
B8 while the
S contravention
continues.

e

um!wisanment has not gone completely ] N

under section 15F, a person who does not pay the penalty within minety days
of its imposition may be punished with imprisonment up to three years,
or a fine up to twice the penalty, or both.

( Environmental Protection Fund (section 16) |

the Central Government may set it up by notification.
The: penalties are credited to it (section 15E), and =
seventy-five per cent of the penalty amounts credited | i, penaites |

(zovernments or Union hm'tnq administrations.
[t pays for education, awareness and research on
environmental protection, and for implementing the Act

-

R S -

It pays for education, awareness ]
and research on environmental
protection, and for implementing the Act. |

o

| Commencement of the 2023 Act |

The 2023 Act comes into foree o each enactment on the date the Central Government notifes. & =
For this Act, the amended penally provisions tock effect from 1 April 2024.

Sayrces: Day 16 Source Index | Tepise 157 | Section 2 4
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Rules and notifications made under the Act (1/3)

[' Tnstrument Date Point to remember

Rules on hazardous The Genetic Engineering Appraisal
micro-organisms, Committee (GEAC) in the MoEF&CC
genetically engineered 5 December 1387 works under them (named Approval

organisms or cells : .
(the Rules of 1989, Topic 146) Committee until 2010)

I{:Ii_lrst :& IHL " The 2016 rule:E are the Hazardous and

azardous Was Other Wastes (Management and

Hazardous waste rules Management Rules); Transboundary Movement) Rules.
;zl:l”;g]g‘ 2008; Each set superseded the one before

The 1991 notification was issued under
section 3. The 2019 notification cut the
No Development Zone in densely populated
Coastal Regulation Zone First in February 1991; | rural areas (CRZ-TIA, above 2,161 persons

(CRZ) Netification then 2011; now 2019 | per sq km on the 2011 Census base) from
200 m to 50 m from the High Tide Line;

it is 200 m in CRZ-TIB. The 50 m relaxation
is subject to approval of the revised Coastal
Zone Management Plan (CZMP); pending
approval the 200 m limit continues

Rules on hazardous : ms, Hazardous waste rules
(g B EHeieras wich i)

{il\: Rules of 1989, Topic 146) | g

The 2016 rules are the Hazardous and Other Wastes
(Management and Trarsboundary Mevement) Rules.
| Each set superseded the one | I:-erq. =

Geplic. Engntiriog sl Commite (GEAC)
in the MeEFACC m‘h them (named Approval
Committee until 2010)

[ Coastal Rﬁgulahun Zone (CRZ) Notification |
: [ CRZ-TIA: 50 m from be High Tide Line | .

subect 1o approval of the revized
Coastal Zone Mamsgement Plan (CIMF); e
pending approval the 200 m benit contimuer

populated rural areas (CRZ-I0A, above 2,361 persons per iq km on the 2011 Centus base)
'Frml‘mmbfvﬂ m from the High Tide Line; it is 200 m in CRZ-TIIE. The 50 m relaxation is subject

now | Tluliitmhr-uhumwmm3m1u11nh+“utm:utﬂummwzw
hW&hMWhWM{CW]MWH‘Mmmm

Sayrces: Day 16 Source Index | Tepie 157 | Section 2.5
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Rules and notifications made under the Act (2/3)

Instrument Date Point to remember J

Environment 14 September | Replaced the EIA Notification of 1934,
Impact Assessment 2006 Prior environmental clearance is needed for mew projects

(E]A) Natlflmtwn

in its Schedule, and for expansion or modernisation where
the natification’s conditions and thresholds apply.
Category A: cleared by the Central Ministry. by
Category B: cleared by the State Environment Impact S
Assessment Authority (SEIAA); where a State has mone, "SGHEE.
Replced by by 'the Central Minsty,

Solid Waste | 2016 (PIB:release: | The 2016 Rules revied the: municipel soid vasbe rales of
Mmuaement 'Eulgs of 5§ April 2016); | 2000 after 16 years and were made applicable begnnd iy
superseded :

municipal areas.

the Solid Waste | 1, 5.id Waste Management Rules, 2026 (PIB release of -

Management 28 January 2026) supersede them and came into full effect
Rules, 2026 on 1 April 2026. . -

Construction Mﬂnﬂiﬁmmﬂthsmﬂmks.m '
the Environment (Construction and Demolition) Waste
Mamgm:nt Rules, 2025.

[ Thz maximum Four stages o’r' enwrumntal clearance umler the EIA NﬁtlF cation, 2006: ]
Net every stn-;z applies to project; the motification and amendments contain mmphm Screening is for Category B
projects, dividing them into B (EIA report required) and B2 (EIA report not required). Category A is appraised at the Centre;
Category B normally at State level, subject to the General Condition and the nismafndul’ constituted SEIAA or SEAC.

=/ _fcast::r:}?ggw} ‘ @ Scopi @ Pulc comsitation | [

d;mﬁng u.hﬂw the prnpc.t R
requires r environmental :
studies and an EIA report R .
(81), or falls in B2 e -

vy fixing the detailed ; ; examining the project
| - B | e of Refirence t:??;“;@f“ on the basis of the firal

A ok that the EIA report frivk iy EIA report and the outcome
‘ not required mast address. - of the public consultation.
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Rules and notifications made under the Act (3/3)

[ The Ganga authorities:) S
the NGRBA of 2009 was dissolved with effect | National |

'Fl'l:rl'ﬂ T Uctnber 2016 hy ﬂ‘lt- Ri'a"ﬂl" Gd.ngn . . banga

Council |
(Rejuvenation, Protection and Management) o ation, Protect 8007l e
Authorities Order, 2016, Under that Order
the National Ganga Council was set up in
October 2016, with the National Mission for

| | NGRBA of 2009 1 Kowr Gonga (ejunation | { Natoral Gona cwml}W
Authorities Orh-_ier, 2016 =

Sayrces: Day 16 Source Index | Tepie 157 | Section 2.5
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The National Green Tribunal and the Act

The National Green Tribunal (NGT) was set up

on 18 October 2010 under the National Green
Tribunal Act, 2010. The Environment (Protection)
Act, 1986 is one of the seven Acts in Schedule I
of the NGT Act, along with the Water Act of 1974, T8
the Water Cess Act of 1977, the Forest (Conservation) SM¥ER%
Act of 1980, the Air Act of 1981, the Public Liability Vighs
Insurance Act of 1991 and the Biological Diversity ¢## oy ar
Act of 2002. This is the seven-entry Schedule T list, ¥
not a claim that all seven remain unrepealed, |
The Water Cess Act, 1977 was repealed in 2017  SHl
(subject to statutory savings); the Forest (Conservation) 4
Act, 1980 is now titled the Van (Sanrakshan Evam <348
Samvardhan) ﬂedh{'ﬂiyﬁm, 1980,

¢ . unrepealed. ,
7. ® The Water Cess Act, 1977 was repealed in 2017 (subject to statutory savings). Semaas

— & o The Forest (Conservation) Act, 1980 is row tiled the Van (Sanrakshan SN Soc
¢ Evam Samvardhan) Adhinigam, 1480, A A

| NGT as ﬁh@lﬁh Sgi for Penalties under this At | =

g
. From 1 :Lrﬂ 2024 the NGT is olso the appellate body for penalties imposed by the adjudicating |

officer u

r this Act.

o= : [
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Extra section: chronology of the Act, its rules and notifications (1/3)

[ Date Event ] [.I(e_q Legisla’l:ive_Stage_s ]
' United Nations Conference e - : _

June 1972  on the Human Environment, b
Stockholm

The 42nd Amendment
1976 adds the Fundamental Duties,
including Article 51A(g)

3 December | Bhopal gas disaster
1984 (date as given by Britannica)

The Erwironment (Protection)
| 23 May | o nacted, as Act No. 29 |
1986 | ,f 1986

12 Movember = Notification G.S.R. 1198(E)
1986 fixes the date of commencement

The Act comes into force

Hazardous Waste
1989 Management Rules

. S — N -3
Rules on hazardous micro-
| 3 E;;;;ber organisms and genetically i
engineered organisms notified J@ife S

February First Coastal Regulation Zone _ e
1991 Notification, under section 3 ~

[ Overview Tmlme (selected mllestm;e.s)l

1972 / 1984 1986 ) 2006 /2019 2024 | 2026
‘ Stockholm / Bhopal ‘ EPA enacted and in force EIA / CRZ notifications penalties commence /

SWM rnphomen{
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1] . Municipal

solid waste
rules

Extra section: chronology of the Act, its rules and notifications (2/3)

pe 20 February

| Date Event ‘
1994 First EIA Notification [ .
== 4: :.I o
2000 | Municipal solid waste rules .
14 September| EIA Notification, 2006
2006 | replaces that of 1994
2008 Hazardous waste rules l ;,

replaced

NGRBA constituted

¥ | October 2016

2009 under section 3
18 October | National Green Tribunal
2010 set up :
2011 | CRZ Notification, 2011 | il
k=
Solid Waste Management s
2016 | Rules (PIB, 5 April 2016) and
Hazardous and Other Wastes |
Rules '
National Ganga Council set up L
under the Authorities

Order, 2016

Saurces: Day 16 Source Index | Tepie 157 | Section 3
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Extra section: chronology of the Act, its rules and notifications (3/3)

Date Event A Tl 4/ .' S e

CRZ Notification, 2019 replaces
2019 that of 2011 :

=
r

| Jan Vishwas (Amendment of
11 August 2023 | Provisions) Act, 2023 receives
| assent
. | The amended penalty provisions
bopil 2008 1| e Aot tabe ettt

PIB announces the Solid Waste
28 January 2026 = Management Rules, 2026, which
supersede the 2016 Rules and -
come into full effect on 1 April 2026

b

2019

I |

Jan Vishwas (Amendment
¢ receives assent

11 August
2023

aaa )
o g . W aww R
1 April L | = 4 1;;?{:‘
s : : PENALTY i
2024 o BIRr=—1= = PROVISioNS L | EEERE

’l which supersede the 2016 Rules and come inte full effect
on 1 April 2026

T

28 Janua
2026

!
9
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Three common exam traps

@ “The Act was made under Article 48A or Article 51A(g).”

! Those two lay down the State's directive =
and the citizen's duty. The legislative power
used was Article 253, which lets Parliament

= .
x

lets Parliament

make laws giving effect to international | B "‘“"“F}“;’t?ﬂ"s
agreements; the Act's preamble ties it to hig::utinmi

the decisions of thet Stockholm Conference.

¢t
e .

“ties it to the
m:{' the Stockholm
Conference.

(’;- [} R
|® Enactment and commencement fell on the same day.” |

The Act was enacted on 23 May 1986 but came
into force only on 19 November 1986, under a
notification of 12 November 1986. It is Act No. 29 of 1986.

came inte

under a - 1
notification () force only on
IEI November —p |

19 November

‘ @ “Under the revised r;gimr. nobody can be jailed under the Act, and nnyur;

may file a case in court at once.” |

Most contraventions now carry a monetary panait¥, but a person who does
not pay it within ninety days may be imprisoned for ur to three years. :
A citizen may complain to a court only after giving at least sixty days' notice . SENEES
to the Central Government or the autiurised officer. o

T A citizen may L4 U
M complain to & court JRESE :
i after :_:,'r-ui-:l :

MR || ot least sity days
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[ The five documents at a glance |

India set out its national policy for science in a resolution of 1958,
a technology statement of 1983, a science and technology policy of 2003
and a science, technology and innovation policy of 2013,
and a further policy was drafted in 2020.

lel Topic 77 (Day 8) covered the scientists Raman, the two Boses, Saha and Ramanujan.

~

SMIrLEh Saurce Inl:l-n1

This topic is about the policies that the Government of India later framed for science.

The examination asks for each document's year, its main aim or target,
_ and where India stands today on research spending and on the Global Innovation Index.

lIl_

mil

Dated
(et ) () s

] | January 2013 2020 1

:l:e resolution of A policy A policy A policy A g:f‘h uploaded

of India, laid sl - I#s:;im and

hefmth;hil e Core idea - Core idea Technology (DST)

Lok Sab Brought science  Added innovation: :
Technological and techn : ; Core idea

Core idex competence together i e ;:‘sﬁ:’m""“"“

To foster, promote and self-reliance  policy and stressed mhmhmj 2 To double

and sustain science investment in innovati the domestic

and scientific research and ik, GERD every

research in all development for the people i

its aspects (R&D) i m s

" About GERD

GERD means Gross Expenditure
on Research and Development:

the total spent in the country

on R&D in a year, by government,
mdustryr and other bodies d

r.u:uf Hﬂ' | Covarades: Sedton 2.1

IAS with Dr Ravi | iaswithdrravi.com

[ Research spending_ﬁ ,
today (GERD)

year, by government,
industry and other bodies
together).

Global Innovation Index |
today

Where India stands today
on the Global Innovation Index
is also asked in the examination.

T
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Number and date
» Resolution No. 131/CF/57,
dated 4 March 1958.
s Jawaharlal Nehru laid it on the
Table of the Lok Sabha on
13 March 1958 and explained
it in a statement to the House.
s It is o resolution of the
Government, not an Act
of Parliament.

Its six aims, in short

6

m m DR M“ DAY 17 | TOPICS 161-1T70

AIM. PREPARE. ACHIEVE Topic 167 | Teaching panel 02

The Scientific Pollc Resolutlon 1958

to foster, promote and sustain,
by all appropriate means, the
cultivation of science and scientific
research in all its aspects:
pure, applied and educational;

to ensure an adequate supply,
within the country, of research

scientists of the highest quality;

to start, with all possible speed,
programmes for training scientific
and technical personnel;

to ensure that the creative talent

of men and women is encouraged
and finds full scope in scientific work;

to encourage individual initiative
in acquiring and spreading knowledge,
in an atmosphere of academic freedom;

to secure for the people of the country
all the benefits that can come from
acquiring and applying scientific
knowledge.

The means it named H:s stnnding lntcr
gnod conditions an henoured associoting scientists The STI Policy 2013
of service position for them with the making says that the 1958 Resolution
s 1k of policy remains valid even today.

for scientists

STIPOLICY
2013

Soirces: Source inded. Topke 167 | Coverades: sedton 2.3
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The Technology Pollcy Statement, 1983

(Tt stressed the need to | [ The STI Policy 2013,

attain technological looking back, places it at a
competence and | time when imports of technology
self-reliance. _| were constrained.

e

(Name i

The Ministry of Science
and Technology calls it

the Technology Policy

Statement;
some writers call it
the Technology Policy |
Resalr.rl:mn
Tscnﬂowelul.
' COMPETENCE
AND
| SELF-RELIANCE
Technology -
Policy Statement,

Souirces: Source inded. Topke 167 | Coverades: sedtion 2.3
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The Science and Technology Policy, 2003

Key Provisions and Objectives —
esearc
e It brought science and 7[
technology together in V'
one policy and stressed L Ry
the need for investment nyestment )| ot
in R&D, so that research inR8D

",

could be used to solve
national problems.

o It brought in the idea of a i s

national innovation

SYStem' Ia]lnwutiuﬁ

National inniovation
system

Investment Target under the 2003 Policy

e [ts spending target:
the government
committed to raising
investment in science
and technology to
at least 2 per cent
of GDP by the end of
the Tenth Plan (2007).

Target: at least
2003 baseline: 2% of GDP
not specified by the end of the

Related Measure and Later Reference

and solutions
f

3 I Science and

| Technology |

o strngthen research )\, Policy, 2003

Tenth Plan (2007).

An Integrated Ecosystem for National Development

A w2k

 Use research to solve |
| mational problems

Ny
Human Resources !

 technolegical manpower |

Government committed
to raising investment
in science and technology
fo at least 2 per cent
of GDP by the end of
the Tenth Plan (2007).

; GERD ) o GERD was
® The STI Policy 2013 m m:m 0.6k per cent  0.64%
explicitly used GERD (i wedfor the of GDP in of GDP
; i Measure . :
for s EEnEamImnED W\ e | ot ﬁa’:m zuzu-z;
" STI Policy 2013 gt (see 2.7). =
Epliilty wed GERD || et e 2020-21

for its 2 per cent fargel.

Souirces: Source inded. Topke 167 | Coverades: sedton 2.4
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The Science, Technology and Innovation Policy, 2013

When and where:

The policy document itself is

| 100" SESSION | a7
It was announced on INDIAM SCIENCE CONGRESS || dated New Delhi, January 2013.
3 January 2013 3 Jaruary 2013

at the 100t session Kokata

The Signce,
of the Indian Science Technolody Aes
Congress in Kolkata, 8 {nnovation Pt

the session that the
President of India
inaugurated.

2013

Why “innovation” entered .
the title: Its new paradigm:
India had declared

2010-20 the science, technology ¢
Decade of Innovation, and innovation
and a National for the people.

Innovation Council
was set up.

Its key goals: @) Raising GERD to ipeficent
@ Spreading scientific ["_'j Making careers in research ' of GDP.

= attractive to the best talent, For this, the private sector was
:imsﬁ:e:;“ igiak sickions and building world-class to raise its R&D investment
: R&D infrastructure in at least to match the public

select frontier areas. sector's: the ratio of public
to private R&ED investment was

to move from 3:1 to 1:1 within

five years. -
RAD investment ratio GERD target
[public : private)

' B

W >

Fubshc Pic RSl Frde|  Pbic Poolr | — g

@ Positioning India among fsj Creating a robust national  pgie prae=3:1  1:1

the top five global innovation system, and e

2 per cent of GOP
scientific powers linking science and innovation
by 2020. with inclusive economic Women in science:
growth,

The policy states that the
participation of women in
science, technology and <63
innovation activities =

is important,

INCLUSIVE
ECONOMIC

Sonirces: Source inded. Topke 167 | Coverades: sedtion 2%
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After 2013: the draft STIP 2020
and the research foundation

" Draft STIP 2020

DST uploaded the draft STIP 2020.

Double the

domestic GERD
every five years.
Double the number

of full-time equivalent
(FTE) researchers.

FTE counts researchers by the share of
their working time spent on research.

The draft proposed

JOURNA s

SCIENCE that the government
i TECHNO Fais bu}' bulk Subwm'llﬁﬂs
M L to important scientific
# journals, o that
| everyone in the country
could read them free.
PRS PRS Legislative Research,
Legisative in its analysis of July 2024,
Research |  ctill calls it a draft.

Its later status is taught
in Topic 696 (Day 70).

=

Souirces: Source inded. Topke 167 | Coverades: sedtion 26
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e i Pl T

Funding provisions

Anusandhan National
Research Foundation

The
Anusandhan
National Research

Foundation
Act, 2023
{Act No. 25.0f 2023)

—— |

From proposal to enacted law

E_
Foa5) - | oilmant passad e

Research Foundation Bill
in 2023,

The Bill received the President’s
assent on 12 August 2023

as the Anusandhan Mational
Research Foundation Act, 2023
(Act No. 25 of 2023),

The foundation is meant
= to strengthen research
; E by providing funds and

human resources
s == across disciplines,

Urion
2021-22

Union Budget 2021-22
announced a 50,000 crore
outlay over five years for the
proposed National

Research Feundation.

The 2023 ANRF funding plan
envisaged ¥50,000 crore
over 2023-28, comprising
714,000 crore from government
and ¥36,000 crore from
non-government sources.

These were planned contributions,
not amounts already received.

2023 ANRF
funding plan

The foundation is taught
in Topic 447 (Day 45).

T

Back to index
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Where India stands: research spending
and the innovation index

DST's report R&D Statistics at a Glance

2025-26, dated July 2026, gives these figures.
The report's name carries 2025-26, but its \
latest actual figures are for 2023-24. \I 1

- I
Key figures on research and development (R&D) =
e R .

Measure Figure Yo thefigure isfor | GERD as a share of GDP
Gross Expenditure ' e
o R&D ICERD) |' Rs 244,767.81 crore 2023-24 | I:nld:::t i
GERDasashare | 0.84 per cent, / T8k =
of GDP the highest o far REA os4l .
GERD s ashire | 0 ¢ oor cont 2020-21 sl i
of GDP, earlier it g A :
GERD asashare | 0.87 per cent and 2024-25 and | '

of GDP, projected | 0.90 per cent (estimates) | 2025-26

rrid s | et P 2023-24
industry in (32.2 per cent in 2020-21) Share of private sector Women among

g 2024-25  2025-16
2020-21  2023-24 Frarat <

' industry in GERD FTE researchers
Women amang FTE | 29 per cent ) 2023-24 45.2%
researchers (18.6 per cent in 2020-21) 29%
India's place in . il
scientific publicaions 3rd, after China and the USA 2022 E'ﬂn'fm:

Global Innovation Index (GII)

The Global Innovation Index (GIT) is published by the
World Intellectual Property Organization (WIPO).
The GII 2026 was released on 29 September 2026
and ranks 139 economies.

| GII edition India's rank | e :
2026 | 38th of 13% 1st amang 36 lower- | - 105 five economies in the GII
| 1st among 11 econamies of
Central and Southern Asia
2025 38th
| 2024 39th
2023 and 2022 40th
. 46th
2020 48

Souirces: Source inded. Topke 167 | Coverades: sedtion 2.7
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Extra section: a chronology from 1958 to 2026

1958
1983 ©
12003 ©
2007
12010-20
2013
2020 ©
12020-21 ©
12021 O
2023 o
2023-24
1 2026 ©

Seurces: Soaurce Indox. Topke 167

| The Scientific Polic
Resolution is date

| 4 March; Nehru lays it
before the Lok Sabha

| on 13 March,

11'Ft'-'-_\ [
5(.1%?:.“* |
W K
1 e
The Technology Pull(y "' il ;

Statement stresses
technological competence \

and self-reliance.

The Science and Technolo — =

Policy brings scignce an y Investment in science
technology togethee and SCIENCE AND | and technology

sets investment in science TECHNOLOGY at least

and technology of at least poLiCY 2 plf cent of GDP
Zpueentafgﬁwuiha 2003 get for the end of

target for the end of the thl Tmth Plan

Tenth Plan. |
The Tenth Plan ends: ':"&N‘TH Deadline in the

the deadline in the 2003 2003 S&T

S&T investment target. investment target
The decade that India 2010 - 2020 . Il

declared the Decade
of Innovation.

@ DECADE OF INHWMI&H

The STI Policy is announced
on 3 January at the 100th
Indian Science Congress,
Kolkata,

The draft STIP is prepared;
it aims to double the
domestic GERD every

five years.

GERD stands at 0.64 GERD (2020-21) | 2020-21:

per cent of GOP. 0.64 per cent of GDP | GERD 0.64% of GDP
Union Budget 2021-22 ‘

announces Rs 50,000 crore aﬁ?—ﬂﬁt

over five years for the | fur the Mational |

Mational Research Foundation. Research Foundation

Parliament passes the Parliament
Anusandhan National Research the Bill in 2023
Foundation Bill; the Act Act receives assent
receives assent on 12 August, ' on 12 August 2023
GERD reaches 0,84 GERD (2023-24) 4.

per cent of GDP, ‘ G4 i ot of- OB GE!I? gﬁf :E GDP

the highest so far. _ (the highest so far)

India ranks.
38th in the
Gl 2026

| (29 September) |

D5T's R&D Statistics at a
Glance 2025-26 comes out
(dated July); India ranks 3Bth
in the GII 2026 (29 September). |

| Covaraden: SeLton ¥

IAS with Dr Ravi | iaswithdrravi.com

DAY 17 | TOPICS 161-170
Topic 167 | Teaching pans! 08

Back to index

186



DAY 17 | TOPIC 167 | VISUAL 9 Back to index

m m Dn M“ DAY 17 | TOPICS 161-170

AIM. PREPARE. ACHIEVE Topic 167 | Teaching panel 09

Three common exam traps
o Two dates in 1958

e The Scientific Policy Resolution
is dated 4 March 1958.

o Nehru laid it before the
Lok Sabha on 13 March 1958.

_* A question that asks for the
|\ date of the Resolution wants
4 March 1958,

s It is a Government resolution
placed before the House,
not a law passed by Parliament.

Exam trap: The date of the
Resolution is 4 March 1958,
not 13 March 1958.

—_—

* The report is called |' a percentage o
R&D Statistics at a Glance GERD as 2 o GJ
2025-26, but 0.84 per cent of GDP Actual |  Estimate
is GERD for 2023-24. |
2020-21 actual: ||| 2024-25 estimate;
® The figure of 0.64 per cent 064% « 0.87%
is for 2020-21. Ji

o The figures given for 202425 ~ 202-24actal |/ 200526 estimate:
and 2025-26 are only estimates,  0-84%  0.90%

= " .Alm!ﬁﬂulﬁllﬂhwaﬁm rE“mmF mwmmm% ]
figure belongs to. but each GERD figure belongs to a specific year.
| State the year with the figure.

€) Two different “top fives”

2013 | by 2020.
| e |

Top five of the Gil 2026 | “Top five"inthe STI Policy 2013
| g
! S )
; [ Goal of placing India
& ot ing
‘.¢ H T wovation | | among the top five
1 il pouicy global scientific powers

-
Exam trap: India's Gll rank was 38th

in both 2025 and 2026; it was 39th in 2024, |

e “India rose in the 2026 edition” is wrong.

[
J

Soirces: Source inded. Topke 167 | Coveradges: Sedtomn &

80

IAS with Dr Ravi | iaswithdrravi.com 187



DAY 18 | TOPIC 176 | VISUAL 1

IAS WITH DR RAVI

AlH. PREPARE. ACHIEVE

Pollutants a.nd pa.thwnys

Air pollution is an undesirable change
in the quality of the air caused by
pn"ut-unts such as particulate matter
and harmiul gases. The examination
‘asks for the main pollutants and their
effects, India's Mational Ambient Air &S
Quality Standards of 2009, the
National Air Quality Index and the
laws and programmes for clean air.

Pollution is any urdesirable

in the physical, chemical w‘w
biclegical characteristics of air,
land, water or soil. The agents
that bring about such a change
are called pollutants.

duration of exposure and the
orqanism.

Air pollutants can harm living
organisms. How much harm they do
depends on the pollutant concentration,

Links with earlier topics: ‘anm'ﬁ tamght
the greenhause gasey; ozeng in the
tropesphers is & greenhouse gas as well a
o pollutant, and black carbon (the carbem
in goot) is am serossl, Topie 157 Lmuight
the Environment {Frotection) Act, 1986,
the umbrella law under whith the Centrs
coordinates the authorities set up under
laws such as the Air Act.

Gmnl level
ezgne (03]

s P
stream o
Pollutant Main source Effect or point to remember
Farticulate matter: - Exhaust from thermal Fine PM2, penetrate deep into the
Pﬂlm (10 mw © u | power plants, ameng L;:;s, i :::z particles s:‘h?r I:r:
or less across - .o | others il
s e O s i e . g
e’ susceptibility.

or less) .
Sulphur dioxide (504) J With nitragen oxides, a main cause of

: 54 gtﬁm :J;:i acid rain; sulphur owides alss make the
Nitrogen oxides . B‘""‘""E"FM""- e A main cause of acid rain; in sunlight
(NO and NOy) ' 'ﬁ,r Eruspor{ ond indstry g - they react with arbons to ;vﬁ

M |y S
Carban manaxide (| Incomplete burning A catalutic converter it
N catalytic con turns it into
(co) “ of fua {w@ carbon dioride.
Ground-level ozone Neb. bk oib gty fovad The chief product of photachemical smog;
(0s) . gﬂ:ﬂmmtm eye irrftut:n, bruthn?t:mlrh and 3
* nitrogen oxides and damage to plants (Britannica),
hydrocarbons (Britannica).

Sowrces: Day 1 Source Indés | Topic 176 | 1 21 22
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Primary versus secondary smog

Sulfuraus, London-type or classical
smog: formed from sulphur oxides,
mainly from burning coal.

It is a mixture of smoke, faﬂ and sulphur
dioxide that forms in a cool, humid climate
and is reducing in nature.

Sulfurous or London-type smog
powrs (_c_lasxical smog) g -

—
{ sulphur oxides |

~ manly from -

buming toal =

el

hurnin.ﬂ coal

mixture of smoke, fog and sulphur dioxide

+
. i
fog b

and is reducing in nature

Sowrces: Day 18 Scutcé indéx | Topic 176 | 2.5

?; ‘ - ; R i
5 i forms in a cool, humid climate

Photochemical (Los Angeles-type) smeg:
common in cities with many cars. It needs
neither smoke nor {ug: nitrogen oxides and
hydrocarbons react in sunlight and produce
ozone (Britannica).

It is oxidising, forming in a warm, dry,
sunny climate, with peroxyacetyl nitrate
(PAN) among its oxidising agents.

Photochemical (Los Angeles-type) smog

sunlight
nitrogen

0zZone

nitrogen oxides and hydrocarbons
react in sunlight and produce ozone

hydrozarbons

et

b A 2

| forms in a vmrm._ ry, sunn:.;{ -:;lim-:d.e. "
with peroxyacetyl nitrate (PAN) among
its oxidising agents.

Day 1€ | T176 - POZ | BI/155

@iaswithdray | wwwiaswithdmavicom
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NAAQS framework and units

Mobification: Trsaed du. the Cntio) ¢ - o It sets standards for twelve pollutants,
; " in two columns:
r;lluilmbin;iu;l ﬁ.h;dzggr:ggﬁﬁa-u {a) industrial, residential, rural and

g E other areas, and
with immediate effect. (k) ecologically sensitive areas notified

by the Central Government.

- _L

The CPCB issued it under section 16(2)(h) 4
of the Air (Prevention and Control of
Pollution) Act, 1981 9

It replaced the earlier notifications —
of 11 April 1994 and 14 October 1998,

T

industrial, residential,
rural and ether areas

g

|

Only two values are stricter for ecologically sensitive
areas: annual S0, (20 against 50) anﬂ annual NO,

(30 against 40).

30 against 40

Carbon monoxide is the only pollutant in the table measured
in milligrams (mg/m3). Benzo(a)pyrene, arsenic and nickel
are in nanograms (ng/m?).

Unit ladder

1 mg = 1,000 ug = 1,000,000 ng.
Each concentration is per cuble metrg
of air {m?).

= 1,000,000 ng. 1m' of air

1,000,000 ng 9
Keep the averaging period attached to every limit.

Sowrces: Day 18 Seutcé indén | Topic 176 | 2.3
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1. Sulphur dioxide (50;), pg/m* | Annual; 24 hours 50; 80 20; 80
THI-{'mg;en diuxid?r. {HD;I}, pg/m* | Annual; 24 hours 40; 80 30; 80
3. PMyo, pg/m? Annual; 24 hours 60; 100 60; 100
| 4. PMys, pg/m® Annual; 24 hours 40; 60 40; 60
1 Sulphur dioxide (S0,), pg/m’ i 2. Nitrogen dioxide (NO,), pg/m* |
Avcmgrng ime: S | Indtﬂ“-'rﬂ| MM ﬁ.\remggg‘l'rmt m_m .
| Annual; 24 hours f rural and other areas | Avnual; 24 hours rural and other areas
Pl x| 5030 J > _4°E__|

|
30; 80

3. PMyo, }-_tsff_'ﬂa _ 4. PMys, Hg!m‘
Averaging time: Industrial, residential, | Averaging time: [ Dndustiial; recidential
Annual; 24 hours - rural and other areas Annual: 24 hours | rural and other areas
S AR R L ;100 ||, . * 40; 60
o | Ecologicall S T T Ecologieall

- -*
- _5
.I"I

3
-II

Sowrces: Day 18 Source ingex | Topic 176 | 2.3
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NAAQS table II

Pollutant Averaging time Ir:dr‘zftﬂ' ;;;:‘i’:t‘::s sf:;ﬁ?f:fgﬁ
5. Ozone (03), pg/m3 8 hours; 1 hour 100; 180 100; 180
6. Lead (Pb), pg/m? Anrual; 24 hours 0.5; 1.0 | 05 1.0
| 7. Corbon monoxide (CO), mg/m® | 8 hours; thour | 2; 4 I &%
8. Avmonia (NHs), ug/m® | Annual; 24 hows | 100; 400 |  100; 400
5. Ozone (03), pg/m? ' 6. Lead (Pb), pg/m?

Industrial, residential, Ecologically Industrial, residential, Ecalogically
rural and cther areas sensitive areas rural and other areas 5ens:twe areas
100; 180 100; 180 _ 0.5; 1.0 0.5; Lo

7. Carbon monoxide (C0), mg/m® 8. Ammonia (NHs), pg/m3

Imlusirml rtsadermal Ecologically Tndustrial, residential, Eculnglqullr
rural and ather areas sensitive areas rural and other areas sensitive areas.
2; 4 Z; 4 100; 400 100; 400

Sowrces: Day 18 Souice Indéx | Topic 176 | 2.3
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NAAQS table III

Wi Industrial, residential, Ecologically
Pollutant Averaging time rural and other areas sensi{'ige areas
9. Benzene, pg/m? Annual 5 5

10. Benzo(a)pyrene,

porticulate phase, ng/m? Annual 1 1
11. Arsenic, ng/m* Annual 6 o [
12. Nickel, ng/m? Annual 20 20
= === = =
9. Benzene, pg/m? | 10. Benzo(a)pyrene, particulate phase, ng/m*
[ Averaging time: [ - Averaging time:
Arrial

Hﬂﬂuﬂt
Industrial, residential,

Industrial, residential,
rural and other areas:

rural and other areas:

ikl Ecologically

s% Ecologically
- sensitive areas:

Sl & sensitive areas:

11. Arsenic, ng/m?

Averaging time:

ﬁvera.ging fime:
Annual Annual
Industrial, residential, Industrial, residential,
rural and othér areas: rural and other areas:
Ecologically Ecologically
- sensitive areas: s:nsi?iu areas:

AQI uses eight of the twelve The four annual-only pollutants
NAAQS pollutants. outside the AQI set are benzene,
= benzo(a) pyrene, arsenic and nickel.

——— AGL u:;s Four annual-only pollutants :
' ight of the e :
Twelve :Ezlu NAAGS Eight outside the AGI sef:
NAAQS pollutants. AQL ® benzene
pollutants == pollutants ® benzo(a)pyrene
L ® arsenic
'.Jr""w . ® nickel

Sowrces: Day 18 Source ingex | Topic 176 | 2.3

Day 1€ | T176 - POG | BS/155
Siaswithdrray | www.iasw(thdrravi.com

IAS with Dr Ravi | iaswithdrravi.com 193



DAY 18 | TOPIC 176 | VISUAL 7

Launch: |7 October 2014, by the
Ministrﬂ of Ervironment,
and Climate Change (MoEFCC;

the Prime Minister launched it
formally on & April 2015, PIB;
the Ministry of Environment — S¥Eg
and Forests was given this name P

in May 2014), under the
Swachh Bharat Mission.

Its idea is "One Mumber-
One Colour-0ne Description”.

Back to index
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AQI cateqgories

Eight pellufants: PMyp,
PMy.5, nitrogen dioxide

sulphur dioxide, carbon
monoxide, ozone, ammonia
and lead. These are 8§ of
the 12 pollutants of

the NAAGS.

e

Forest

AQL category

Index range | Possible health impact (CPCB, in brief)

0 to 50 Minimal impact

Satisfactory 51 4o 100 | Miner breathing discomfort to sensitive people
- : May couse breathing discomfort to people with lung disease
Moderately polluted | 101 to 200 | Lh s thma, and discomfort to pasple with heart disease,

children and older adults

Breathing discomfort on pro exposure; discomfert
201 to 300 hm__s_ prolonged exposure ;

301 o 400 | Respratey s on prolonged espoare

401 to 500 | Affects even healthy people; serious impact on people
with lung or heart disease

Moderate!
futed
101 to 200

May cias breating P
. ; discombert ts Breath N Affects even
ot Mty SIS gty |y | e,
impact PrWES, ws asthws, ond disomfert  prolonged exposiere; serlous impact o
semsitive people s peagle with heart diseemfort to pangd people with lung
diseass, childrem and heart  patients Exposure or heart disease

Sowrces: Day 18 Source indéx | Topic 176 | 2.4
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AQI data and maximum rule
How the AQI is worked out (CPCB method):

1. For each pollutant measured, a sub-index is 2. A sub-index needs at least
calculated from its concentration. Within each band 16 hours of data.
the sub-index rises in a straight line with the =
| iﬂ' ne wi I.._L____ __'_"‘TIL

concentration, between the band's breakpoints
. (see Section 3).

| Pollutant data
| {at least 16 howrs)

Within each band

the sub-index rises
in a straight [ine
with the concentration.

L

i Cmg;cn‘h_‘ﬁion
i between the band's
BT R e . breakpoints
e, e {see Section 3).

3. The overall AQI is the worst sub-index, that is, \"F_m:.ﬂ s0, || o, rm
the highest one. Thus the highest cli‘gibre pollutant ' sub-index | sub-index || sub-index s:.ﬂ:--mdu gub—ndu

sub-index, calculated from the specified averaging ‘ = ‘ = ‘ e 1)

period, sets the overall category; it is not

determined by one isolated instantaneous reading. \ \ .L / /
{ Overall AGI

= highest sub-index
(mﬁt sub-index)

4. An overall AQI is declared only when data are available for at least three pollutants,
one of which must be PM2.5 or PMio. Otherwise the data are taken as insufficient,
though the sub-indices are still shown.

Data -sufficiency gate Maximum selector sty

At least three pollutants,
one of which must be
FHzS or PM1o?

Yes : ‘ i
: Overall AQL
Overall AQI ' = highest eligible pollutant sub-index,
is declared. \ calculated from ﬂu specified averaging period.

L o .

Sowrces: Day 18 Scutce indéx | Topic 176 | 2.4
Day 1€ | T176 - PO | BTI15S

@iaswithdray | wwwiaswithdmavicom

IAS with Dr Ravi | iaswithdrravi.com 195



DAY 18 | TOPIC 176 | VISUAL 9 Back to index

IAS WITH DR RAVI

AlH. PREPARE. ACHIEVE

PM br‘eakpoints

Breakpoints for the two particulates (24-hour average, pg/m?): “7

- PMio PM2.5 _ .{
AQ cnteﬁﬂ"H [,la,ama) (Fﬂf’m!) ‘Lﬁ' 4
Ay
Good 0 to 50 0 to 30 Naal
PMio
Satisfactory | 51 to 100 | 3l to 60 >,
Moderately = a ;
10l to 250 6l to 90 '
lluted B
pollute = |
Poor 250 to 350 | 91 to 120 PMs 5
® 0.4
Very poor | 351 to 430 | 121 to 250 _'-: _"d ol
Severe Above 430 | Above 250 ' _,
e

Note that the top of the “Satisfactory" band is the 24-hour
standard of the NAAQS for both: 100 for PMig and 60 for PM2.5.

Sowrces: Day 18 Scutce indéx | Topic 176 | 2.4
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Acid rain and inversion

Acid rain S sulghur
Sy Wl diovide.

Sulphur dioxide and nitrogen oxides
can form sulphuric and nitric acids
in the atmosphere. These acids reach
the surface in precipitation,

Rainwater equilibrated with

atmospheric carbon dioxide has )
a reference pH of about 5.6. g hi 4
Added acids lower it further. et O e
Acid daposition canacidify lakes Natural reference | Added acidification

and streams, harm biodiversity and | pH about 5.6 pH falls below reference |
plants, and weather stone buildings. '

DF}N{\‘H{_ carbon i{lﬂmd.l | Balow !H G4 i ! n&uﬁﬁgd‘ji:::;r
|| makes rain naturally mildl & common: acid=rin | ki ALinEs moed: soen
acidic, A pH of abeut 5615 | | convention. Achual | lsﬁjﬂ.ﬁﬂxﬁ
a reference, not o fived precipifation varies. | shone baildings
value for all ran, |

rR;,&,rem:r.-Einf- _Wr{lmwnﬂun -i Fun lewer the pH of |
Y

== | — -

Taj Mahal and acid damage

The air around Agra holds high <
levels of sulphur and ni{rngcn
oxides from industries, power
lants and household fuels,
he acid rain reacts with
the marble (calcium carbonate)
of the Taj Mahal, and the
marble loses its lustre
and colour. In 1995 the i
Government of India announced 34
an action plan to clean the air SRS
of the Taj Trapezium.

The acid rain reacts with

the marble {calcium carbonate)

L of the Taj Mahal, and the marble
*  [oses its lustre and colour:

Still winter: air

Winter particulate levels can -
rise when mixing heights are
lower and winds are calm.

A temperature inversion
restricts vertical mixing,
trapping smoke and dust T
near the surface.

Sources: Dy 16 Soufee Ingex | Topie 176 | 1.5
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Air Act and NCAP targets

Air (Prevention and Control of
Pollution) Act, 1981 \
Act No. 14 of 1981, enacted on
29 March 1981.

The 1987 amendment included noise [l
in the definition of an air pollutant. W&

The CPCB's NAAQS of 2009 were TN
notified under it (2.3).

National Clean Air Programme (NCAP), 2019
launched by the MoEFCC. . & aw

v i -

First target: Revised target:
a tentative national target of a 20 to reduce PMyo concentrations by up to
30 per cent reduction in PM2.s and 40% from 2017-18 levels, or achieve
PMio concentrations by 2024, with the national annual PMo standard
2017 as the base year, in 102 cities  of 60 pg/m?, by 2025-26
whose air quality was worse than (MoEFCC/PIB).
the NAAQS. This revised performance target

£ ) specifically concerns PMyp.

"“Base year |[Target gear| | 102 cities il
Zﬂ';{f A" 1;}‘32! : e q“ﬂiy 2017-18 s '
was worse 1 2025-26 ' i

U of 60 pg/m*

Sowrces: Day 18 Soeurce ingex | Topic 176 | 2.6
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NCAP finance and GRAP

2024 snapshot 7 September 2026 snapshot
The 2024 snapshot covered  For FY 2019-20 to FY 2025-26, o /
130 cities in 24 States/UTs, Rs 16,423.55 crore was provided to 130 cities; // 1!51;, |
with reported funding of reported utilisation was Rs 11,575.54 crore (70.5%), ) snapshot
Rs 11,200 crore. "\

et ok
Sﬁ et
t _2{;;% Eh_ut - -‘-I p T Sep’ﬂemb_e;_zzﬁ_ _Ifr ._l‘_Utll:sat_ s
snaps Vtilisacion
130 cities shapshot ‘ 7 September 2026 snapshot
in 24 States/UTs Rs 16,423.55 crore Rs 11,575.54 crore
| provided to | (70 5%)
Rs 11,200 crore 130 cities '
reported over FY 2019-20

o ‘tﬂ FY 2025-25

Keep the release date and funding period attached to each ﬁgurc.

Commission for Air Quality Management (CAQM) in the
National Capital Region and Adjoining Areas

Set up by the Parliament then passed The adjoining areas are
Union Government the CAGM Act, 2021 parts of Haryana, Punjab,
thmugh an ordinance (Lok Sabha on 4 August Rajasthan and

in October 2020, and Rajya Sabha Uttar Pradesh.

to replace the on 5 ﬁugust 2021), _

Environment Pollution which dissolved EPCA,

{Prevention and Control) _SBt up for the NCR
Authority (EPCA). -

B Ntna! Capital Regin |18
"1 and Adjoining Areas 2

Sowrces: Day 18 Soeurce ingex | Topic 176 | 2.6
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GRAP four stage.s

Graded Response Action Plan (GRAP): a set of anti- pallulran
measures for Delhi and the National Capital Region that grow
stricter as the air gets worse. The Supreme Court approved it = .
in M.C. Mehta v. Union of India (2016). EPCA implemented = &
it first; since 2021 the CAQM implements it. CAQM’s modified | 4
GRAP schedule dated 21 November 2025, referenced by its 2026 M
orders, retains the following four AQI stages: Stage I for “Poor”
air (201 to 300), Stage II for "Very poor” (301 to 400), Stage I
for “Severe” (401 to 450), and Stage IV for "Severe+” air, above
an AQI of 450.

Stage I - Poor air

AQI range: 201 to 300
Category: “Poor”
il

Stage I - Very poor air

AQI range: 301 to 400
Category: “Very poor”

—_—
Stage IIl - Severe air

AQI range: 401 to 450
Category: "Severe”

-— =)
Btaqe IV - Severe+ air

' Above an AQI of 450
. Category: “Severe+”

Sources: Day 16 Soutce Ingex | Topie 176 | 26
Doy 18| T176 - P13 | 027155
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WHO versus Indian standards

Released on 22 September 2021.

They give quideline levels for six po![ufa.nts:.fr;

PM2.5, PM1o, ozone, nitrogen dioxide, %
sulphur dioxide and carbon monoxide. <Y

India’s NAAQS, 2009 (industrial, resndanttal rural a-.nd other areas}.

PMa2.5, annual
v lg. T WHO .__ Indi;u's )
wiadiy | quideline, 2021 | NAAQS, 2009
5 pg,’nﬁ 3
' m
(lowered from 40 'uﬂ/
Il} ;.lgj'm!

IT

|-Gt T WHO )

g
[ T Bl

PMz 5, 24 hours

- | quideline, 2021

15 pg/m?

10, annual

India's
NAAGQS, 2009 |

™ whio [

c;. gmddmt,lﬂzl
&

A %
Sowrces: Day 18 Seutce indéx | Topic 176 | 2.7

— 4
WHO guideline levels and
India's [e.ga.{ standards
are different instruments.

PMID 2_4- haﬁrs
i [ wio [
¥ .3' gwdelm: 2021

|
India's ‘| |
NAAGS, 2009 :
|

I

e,
i " A 4-5 j.lgfm 100 pg/m’ gz

Back to index

Day 1€ | T176 - P14 | 93/155

@iaswithdray | wwwiaswithdmavicom

IAS with Dr Ravi | iaswithdrravi.com

201



DAY 18 | TOPIC 176 | VISUAL 15

IAS WITH DR RAVI

AlH. PREPARE. ACHIEVE

Control devices and BS-VI

Electrostatic precipitator

It charges the dust particles
and collects them on earthed
plates. It can remove over

99 per cent of the particulate

Scrubber

The exhaust is passed

through a spray of water 7
or lime; it removes gases
such as sulphur dioxide

matter in the exhaust of a
thermal power plant.

E;ﬁt E i-te i

dust particles
on eartned plates

N
coll

Catalytic converter

Bharat Stage VI (BS-VI)

Fitted in vehicles, with platinum-palladium
and rhodium as catalysts. It turns unburnt
hydrocarbons into eron dioxide and water,
carbon monoxide into carbon dioxide, and
nitric oxide into nitrogen gqas. It needs

unleaded petrol.

emission norms

The nationwide transition from BS-TV to
BS-VI for applicable new motor vehicles
took effect on 1 ﬂpn’l 2020, This is not a
ban on zero-emission vehicles or g statement
that all older vehicles became illegal. India
Clesner exhaust  skipped BS-V and went straight from

BS-IV to BS-V].

ﬁnu-]ndium and rhodium
as -:ufalysts

@ Unburnt hydrocarbons = carbon dioxide and water
@ Carbon monoxide —p corbon dioxide

Q Mitric oxide =3 nitrogen gas

Sowrces: Day 18 Scutcé indéx | Topic 176 | 2.8
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Worked AQI: e[igibi[itg and_interpolation

Suppose a station records these
24-hour averages: PMio 180 pg/m?,
PM2.5 75 pg/m?® and nitrogen dioxide
50 pg/m?.

Step 1: check that an AQI can be declared.

Three pollutants are measured, and one
of them is a particulate (here both are).

So an overall AQI can be declared. " pMio " UPMas  ritrogen diocide
180 pg/m? 15 pg/m? 50 pg/m?
Step 2: find each pollutant’s band. PMio PMas Nitrgen diovide
PMia of 180 lies in 101 to 250, the “Moderately polluted” band. I‘IS'EII 1.15. E_su_
PMzs of 75 lies in 61 to 90, also "Moderately polluted”. IB;B;»I;EG 6]":’;;‘0 4[5!:;;0

Nitrogen dioxide of 50 lies in 41 to 80, the “Satisfactory” band “Moderately  "Moderately  *Satisfactory”
(its breakpoints are 0 to 40, 41 to 80, 81 to 180 and 5o on). polliuted” band.  polluted” band, band,

Step 3: work out each sub-index.
Inside o band, the sub-index rises in a straight line from the lower index value to the upper one:

Sub-index = lower index value + [uprr index value = lower index value) x (concentration - lower breakpoint)
+ (upper breakpoint = lower breakpoint)

Pollutant Band (concentration) | Band (index) Working Sub-index
PM10, 180 101 to 250 101 to 200 101 + 99 x 79 + 149 About 153
PMzs, 75 61 to 90 101 to 200 101+99x14+29 About 149

Nitrogen dioxide, 50 4] to 80 51 40 100 Bl+49x9+39 About £2
PMio, 180 PMzs, 75 Nitrogen dioxide, 50
Band (concentration): 101 te 250 Band (concentration): 6] o 90 Band {concentration): 4] 4o §0
Band (index}: 101 to 200 Band (index): 101 to 200 Band (index): 51 to 100
Sub-index = 101 + 99 x 79 + 149 Sub-index = 101 + 99 x 14+ 29 Sub-index = 51 + 49x 9+ 39

= About 153 = About 149 = About 62

L5
. - . ' 2
! ) !
. “L:—;"i— 'rl w
¥ ,..Ij‘l'ﬂ 8

The supplied 24-hour averages are assumed to satisfy CPCB. data sufficiency, including at least 16 hours of data.
Before rounding: PMio = 153.49; PM2s = 148,79, N0z = 62.31. Rounded sub-indices: 153, 149 and 62.

Sowrces: Day 1§ Source Indés | Topic 176 | 3
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Worked AQI: decision and 'traps

Step 4: take the worst sub-index. l AQI band (relevant here)

The highest is 153, from PM10.
So the AQT 15 153 in dhe | Moderately polluted
“Moderately polluted” band | (101 to 200)

(101 to 200), and PMI10 is
1S the pollutant that sets it.
P* The AGT is not the average
_,‘, of the displayed rounded
PS  sub-indices:

(153 + 149 + 62) + 3 = 121},

g 8 vaud e haskh misiad,
o) )
For “Moderately polluted” air, people M
with lung disease such as asthma may feel &
breathing discomfort, and people with heart =
disease, children and older adults may feel v
discomfort. by

Three common misconceptions _
O ; , Mixing up the two alw mds
Noise is not an air pollutant 9 NCAP targets. . 5'”1‘

under Indian law.
Tt is. The first, tentative target Only the sulfurous {Lmion type)
was a 20 to 30 per cent cut snwgmaﬁmudsmoke

The Air (Prevention and in PM2.5 and PM10 by 2024, with damp air.

Control of Pollution) Act, 1981, with 2017 s the base year. e el
veranandad i 887 {n | ot ot ¢ (PSS SIS
include noise as an air veduction in PMID concentrations jtp el er:?:ms fia
pollutant. of up to 40% by 2025-26 "y

; : wehicles react in sunlight and
against 2017-18, or n:}u-:w{ topb
of the national annual PM10 produce ozone. So it is & problem
standard of 60 pg/m* of sunny cities with heavy traffic.
A question that pairs 40 per cent
with 2024, or 20 to 30 per cent
with 2025-26, mixes the two.

| Keep the counts separate. NAAGS has 12 pollatants; AQL uses 5. €O is in ma/m?; benaola) pyrene,
I(up mwctmhms, units uml nurlg.mg pmpds together. arsenic and nickel are in ng/m’
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From YMMQ

India's space programme began with a soundi
rocket launched from Thumba in 1963 and has A
grown into a national effort with its own satellites S8
and launch wehicles, missions to the Moon, Mars
and the Sun, a human spaceflight programme g
and a space sector opened to private companies.
The examination asks for the order and dates "i'

of its milestones, the bodies that run it, and which'}
missions are duna and which are still planned. &=

1962: Vikram Sarabhai 15 Ausust 1969:

for Space Research (INCOSPAR). = space pragramme.founded the Organisation (TSRO) was formed,
was set up under the Department  Physical Research Laboratory (PRL), . place of INCOSPAR. T¢ ws

of Atomic Energy {MF-}.‘ Ahmedabod, in 1987, still under the DAE.

-——H—J““" 1372 On 1 April 1475
the Govermment set up |

the Sfm, Commission and B ISRO became

the Department of Space (pos). o a Government

TSRO wa Uﬂd&’h NS ﬂ!"&ﬂﬂiﬂtiﬂﬂ. / - X

in Szptmhsr 472

Lt
Body Set up. Plaml undgr
INCOSPAR 1962 Department of Atomic Energy
Department of Atomic Energy
ISRO 15 August 1969, in place of INCOSPAR | at first; Department of Space

from September 1472

ace Commission .
3& Departeerd: of Spuch June 1972 The Government of India
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Thumba and souhdihg rockets

21 November 1963: the first sounding L‘f‘::i“i‘l"

rocket was launched, from Thumba A
near Thiruvananthapuram. It was a United States.
two-stage Nike-Apache, built in

the United States. Thumba lies very
close to the Earth’s magnetic equator.

gt T
z",'—- ; -\-‘\\
i ™
[ \ '\'. \ \II
Earth's

e magnet:c equator

The launching station there is the
Thumba Equatorial Rocket Launching
Station (TERLS). It was formally
dedicated to the United Nations on
2 February 1968, by Prime Minister
Indira Gandhi.

After Sarabhai died on 30 December 1971,
TERLS and the space establishments at
Thiruvananthapuram were renamed the
S Vikram Sarabhai Space Centre (VSSC).
pear TERLS is still used for sounding rockets.

Site Where Status as on 18 October 2026

Near Thiruvananthapuram, India's first launch site (1963);
e, (TRRL) close to the magnetic equator | how part of VSSC; used for
sounding rockets
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Learning through foreign satellites

India used foreign satellites for
early axperime.ngs:

the Satellite Instructional Television
Experiment (SITE, 1975-76) used the
American ATS-6 satellite and reached
about 2,400 villages in six states;
the Satellite Telecommunication
Experiments Project (STEP, 1977-79)
used the Franco-German Symphonie
satellite.

Satellite Instructional -
Television Experiment
(SITE, 1975-76)

used the American ATS-6

satellite and reached about
2,400 villages in six states.

L]
-

’ e
vigg Tl
i ! L e 8 ]

PR
S e DL L
P . ; 3 ™} P N

Uiinkfmm - i Vi s
Fb"’“dm‘t centre vm?tpff::e I:F the
2,400 villages)

Satellite Telecommunication "
Experiments Project (STEP, 1977-79) =~ &

used the Franco-German Frm-&' .
Symphonie satellite. Symphonie satellite
India’s first satellite
Satellite | Launched (ISRO) |  Launch vehicle What it was ]
9 i i India's first satellite, 360 kq,
ﬁfgabhntn 19 fprd 1275 {Scti?tit:ﬁﬂs designed and built in Indii?
designation) X-ray astronomy, aeronomy

| and solar physics
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First satellites am:! first indigenous orbital success

Satellite | Launch date |  Launch vehicle What it was
! i | phrh |
Soviet rocket First of the two ianeerin
Bhaskara -1 7 June 1979 | (€-1 Intercosmos) Bhaskara umt:—fcnsunﬂ. itdirl'!-&

— S

| b ellit gs,-l-' [ £k |.,t EZ 35 ko; placed in orbit by SL'J-E.
Rohin satlit 1 3y 1980 ECr e Frst lnch bl leveoped, v Tl

i bl Flight V-3) | 670 k? experimental communication

| satellite in geosynchronous orbit;
| @& forerunrer of Tater communication
s;xtdlatc systems

e . ' | Soviet rocket The second Bhaska b
Bhaskara-1 | 2% Nameer 140 | (¢c-1 Intzrmms} u:sinTsat:JIitc bttt

'amkm T NN "y | Rohini_satellite RS-1 |

7 June 179 Firsk of the two I8 July 1980 . 5kay plead n it
Soviet rocket pioncering Bhaskarn &1 y.3 [kt E2 i
oot il bt LY-3 (fight E2) launch vehicle developed

sabelltes It

| Bhaskara-1L |

ﬁFFLé-'tMm
470 kg experimental .
..... | fm"-"-‘-ﬂ ion satelite | 20 Maovember [931 2:.4‘ 5@%?“&.
Iq June HSII | & mmmi‘mﬁhzt"l Soviet rocket !
Ariang-] {ﬂghl V-3 4 camenanicabion. safellite

(C-1 Intercosmas) I8

The first SLV-3 flight | The successful SLV-3 flight|  |Pairs ﬂu__t_dmg-r-‘::__ a_year

The first SLV-3 flight, on the fllght of 18 July 1980 Hote the pairs that share a year:

10 August 19749, did not place did place RS-1 in erbit Bhaskara-] and the first SLV-3 flight
its payload, the Rohini Technolagy (Topic 17). 4. both came in 1974; Bhaskara-1 and
Paylead, in orbit; ! APPLE were beth launched in 1981,

| 1979 | L1981
Bhaskara- I Bhaskara-11

and the first and APPLE
SLV=3 flight

j[ . . . e gt S =

.} 10 Fmgus.t 7 18 July 1980 Only one on an Indian rockel
| did ot place its payled, did place RS-1 | OF the salelites in the table.

| the Rohini Tec in orbit only RS-1 went up on an Indian rocket.
Payload, in drbf | {Tnpl:_l_i'i? 2

RO o e AN

Sowrces: Day 18 Source index | Topic 177 | 2.3

Day 18 [ T177  MOA | 1DDI155
Siaswithdrray | www.iaswlthdrmavi.com

IAS with Dr Ravi | iaswithdrravi.com 208



DAY 18 | TOPIC 177 | VISUAL 5

IAS WITH DR RAVI

AlH. PREPARE. ACHIEVE

INSAT, IRS and Sharma

INSAT IRS

Key satellites
Satellite Launched (ISRO) Launch vehicle What it was
INSAT-1A | 10 April 1982 | Delta (United States) g o B e O
| _ on & September 1982.
INSAT-1B | 30 August 1983 | Space Shuttle (with a PAM-D stage] | Second INSAT sateliite

| IRS-1A | 17 March 1988 | Vostok (Soviet) First Indian Remote Sensing (IRS)
' satellite

|
—

First Indian in space

on 1 April 1984 came the
India-Soviet manned space
mission (ISRO}); Rakesh Sharma
flew on Soyuz T-11 (PIB).

Launch vehicles
SLV-3 and ASLV (both retired), then PSLV, GSLV, LVM3 and SSLV, all taught in Topic 17.

SLv-3 ASLV PSLV - GSLY LVM3 - .SSL\"
(both retired)

Sowrces: Day 18 Source index | Topic 177 | 2.3

Back to index

Day 18 [ T177 « 05 | 105155

Siaswithdrray | www.iaswlthdrmavi.com

IAS with Dr Ravi | iaswithdrravi.com

209



DAY 18 | TOPIC 177 | VISUAL 6

IAS WITH DR RAVI

AlH. PREPARE. ACHIEVE

Moon missions compared

e

(Pslv-ci1)

India's first mission to the Maon,

It provided evidence of water
molecules and hydroxyl on the Moon.
It made mare tﬂan 3,400 orbits

of the Maon,

National Space Day:

Sowrces: Day 18 Seutcé indéx | Topic 177 | 2.3

IAS with Dr Ravi | iaswithdrravi.com

issi Launch (vehicle ~ Milestone Mission status: 18 October 2026
India’s first mission h.,f&! Moon.
It provided evidence of water ;
Chandrayaan-1 zg 0‘“:” 2008 | wlecules and hydraxgl on the Moon. Not ﬁ""t“;;l: “'::‘;m
(PSLV-C11) It made more than 3,400 orbits st o 23 Mg
of the Moon,
Its orbiter works from 100 km above
Chandragaan-2 | 22 July 209 the Moon and records details as fi Orbiter operational
(65LV Mk IIT-M1) i '::h (718) T AR T
Its lander, Vikram, soft-landed on
23 August 2023 near the Maon's south ’
Chandrayaan-3| (LI 23| ol ot abut 6 dgoes sut e ror | O P
is P India became the first country
to soft-land near the lunar south pole,
Chandrayaan-2

.

T ‘?‘Qx

s 22 July 2019 NG
(G5LY Mk I1I-M1)

Its orbeter works from E00 km above
the Moon and records details as fine
as 30¢m (PIB).

 Prime Minister Marendra Modi declared 23 August, mhmww
Nafional Space Duy, amd mamed the landing point Statio Shiv Shakti,

@iaswithdray | wwwiaswithdmavicom

L . 14 Julg lﬂza =
" O(LVM3-M4)

Phpn

- "'3?
Its lander, Vikeam, soft-landed on
3 IOHMMMSMHP&

nf.nhdﬁ‘ldzmmdhﬂtmu'uﬁw

India became the first country to soft-land
near the lunar south pole.
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Mars and Sun: launch versus arrival

Entered Mars orbit on
. e 24 September 2014 (PIB).
A S
: ,I% A,

il ) s

[ Mars Orbiter Mission (MOM)

5 Movember 2013
(PSLV~-C25)

.-"..
-
A

India's first interplanetary mission.
ISRO became the fourth space
agency to send a spacecraft inte
Mars orbit, succeeding on its
first attempt.

Placed in a hale orbit around
the Sun-Earth LI point,

about 1.5 million km from the Earth,
on & January 2024; 7 payloads

Launch
m 2 September 2023
{PSLV-C&T)

about 1.5 million km
from the Earth

AN

it
T i | Mljzize phaber 1 Oclaber 200 1
Mission | Launch (vehicle) Milestone ——— i |
|
. Entered Mars orbit on 24 September . '
o Emj} ?;:f;"g?;’i 2013 | 2014, India's first interplanetary Not operational
mission. ISRO became the fourth space
| agency to send a spacecraft into Mars
orbit, succeeding on its first attempt.
P __ | —_F‘[a_c,ed in a halo orbit around the [ ; 3
Aditﬂl L E.PSS:SEEEH;?T 402 Sun-Earth L1 point, about 1.5 million km Operational I|
from the Earth, on 6 January 2024;
7 payloads.
L — = P e — S — S
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X-rays and docking

XPoSat was launched on
1 .]-ﬂ.nuu.r}' 2024 (PSLV-C58),
It added to India’s capability
in X-ray astronomy (PIB).

It is operational.

f.)(;m:.r astronomy (PIB)

=3

Added to India's
capahﬂi{y in K-my :
astronomy (PIB). |

[ SpaDeX (Space Docking Experiment)_]
SpaDeX (Space Docking Experiment)
was launched on 30 December 2024
(PSLY-C60).

Its two satellites, SDX-01 and
5DX-02, dacked in the early hours
of 16 January 2025. India bgcarlnc
the fourth nation to demonstrate

docking in space. Operational at
the 18 October 2026 snapshot.

Mission Launch (vehicle) Milestorne
1 1 January 2024 Added to India's capability i
Ahosat (PSLV-C58) in X-ray astronomy (PI8) Operntional
Its two satellites, SPX-01 and -
SpaleX 30 Décember 2024 SDX~02, docked in the early hours | -
(Snata Dockinig. Eipériient B of 16 January 2025, India became Operationa
P ing Experiment) | (PSLV-C60) the fourth nation to demonstrate
docking in space. L
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Gaganyaan: tests versus orbital mission

R
#

Gaganyaan aims to send up to three
Indian astronauts into space (PIB).
Done so far: the test flight TV-DI

on 21 October 2023 (ISRO timeline),
the first Integrated Air Drop Test of
the crew module's parachutes on

24 August 2025, and more than 8,000
ground tests (ISRO, January 2026).

First uncrewed orbital mission,

aganyaan-Gl: oo = -
G gany G 3 Crew Module - Service Module
Gaganyaan-Gl is the first planned uncrewed separation tests
orbital mission. As anncunced bH ISRO on

16 October 2026, it remained upcoming, with

a 2026 launch target.

- Crew Module

TV-D1 was an uncrewed abort-system test,
not the full G1 orbital mission.

The launch campaign began on 18 December
2024 with assernbig of the human-rated
LVM3 at Sriharikota. Crew Module-Service
Module separation tests had succeeded by the
16 October 2026 announcement.

The announced target was 2026; an exact
launch date had not been specified.

" Test flight TV-D1 || First Integrated Air Drop Test | ' More than 8,000 ground tests

21 October 2023 of the crew module’s parachutes  (ISRO, January 2026)
(ISRO timeline) J

24 Au

uncrewed abort-system test

Preflight:

Gaganyaan in detail comes on Day 38.
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Shukla, Ax-4 and BAS

Shubhanshu Shukla: 25 June 2025 Aiom-4 (Ax-4) Docked at the
Launch SpaceX, Dragon International
Group Captain Shubhanshu Shukla ' spacecra

Space Station (1S5)
flew on Axiom-4 (Ax-4), aboard a %
SpaceX Dragon spacecraft launched
by a Falcon 9 rocket on 25 June 2025.
The Drn.gan undocked from the
International Space Station (IS5)
on 4 July 2025; after re-entry
it splashed down on 15 July 2025,
and the mission ended that day (PIB)
Shukla became the second Indian
in space and the first Indian
to reach the IS5

14 July 2025 15 July 2025
Undocked from the Splashed down
International Space and the mission

Station (155) ended that day (PIB).

Bharatiya Antariksh Station (BAS): )

on 18 September 2024 the Union Cabinet
approved the development of the first
module, BAS-01, with its launch planned

by 2028 (PIB). The same decision enlarged
Gaganyaan to eight missions, to be completed
by December 2028. BAS-01 is a plan,

not a done mission. o R R T TR (e PR i

Approval date 18 September 2024
o Development of the first
| Mht s PPt | mdule, BAS-0
Planned launch by 2028 (PIB)
Eniarggd to gr'ght missions,
Gagenyjaan to be completed by December 2028 |
Status of BAS-01 BAS-O1 is a plan, nat a done mission.
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Private-sector institutions

Lo Indian National Space i ; '

NawSpaceler;:li:a Limited Biomstion. a "Ei Auth prP; ation | Indian Space Policy 2023 ‘
(NSIL) Centre (IN-SPACe)

Established in 2019 (PIE) _ = o

Creation approved by the Union Followed the cpening of 2020

Cabinet on 24 June 2020 os part || and enobled greater private
of np:ning the space sector to participation across tr.c space
private participation, || value chain (PIB)

L e il g
A public sector company under = = :' s
the Department of Space and An autonomous, single-window

the commercial arm of |SRO nodal agency in the Department | 3 e
(Topic 17) of Space, :tndprnmutes, enables,
authorises and supervises the space

activities of non-governmental entities,

and is their interfoce with 1SEO

Step [ When i What it does
P | g ! A public sector com under the
Eq;us.-fﬂu India Limited | Established in 2019 (PIB) | ch: PR Hl:‘";ﬂ Y caeriil

arm of 1SRG (Topic 17)

Creation approved by the Union Cabinet | An autanomous, single-window rodal
on 24 June 2020 os part of opening | oo.nel i the Bevarbmant of & .
Indian National Space | the space sector to private itgeprgnutes, enabfcs. authorises P::d
Promation and Authorisation | participation. supervises the space activities of

Centre (IN-SPACe) non-governmerdtal entities, and is their
' | inkerfoce with 15RO

 I—

Followed t-&_np:niﬂg of 2020 and

| i -
Indian Space Policy 2023 | 2023 ' enabled greater private icipation
9 P J:m {gf'

aeross tha space valug

®)

L ————————— - ' .

Space start-ups:

India had ome registered space start-up in 2014;
by February 2026 the number had crossed 400 (PIB).
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Space FDI rules

Step When What it does
& Up to 100 per cent FDI in selected activities.
Automatic route: up to 74 per cent in satellite
Liberalised FDI manufacturing and operations, satellite data products
(foreign direct February 2024 | and ground and user segment services; up to 49 per cent
investment) policy in launch vehicles, their systems and spaceports;
up to 100 per cent in making components and systems
for satellites and for the ground and user segments

" Up to 74 per cent YW Up to 49 per cent W” Up to 100 per cent -
in satellite manuFar.turing. in launch vehicles, in mkjna components !
and operations, satellite their systems and systems for satellites

data pmduc‘ts and gmr.md | and spaceports and for the ground and
- and user segment services : W user segments

|
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Suborbital to private orbital launch

Step | When What it does

Private launch | 18 November 2012, | Skyroot Aerospace flew Vikram-S, a suborbital rocket,
28 November 2022, | from Sriharikota in 2022 (ISRO). Dhanush, the first privale
30 May 2024 and launch pad and mission control centre in India, at Sriharikota,
18 July 2026 was hnuﬂumt:d in 2021; from it .ﬁﬂnii{ul Cosmos flew

Y Agribaan SOrTeD on a suborbital mission in 2024,
On 18 July 2026 Skyroots Vikram-I, fram Sriharikota,
phcni two satellites, SCOPE and Grahaa, in low Earth erbit:
India’s first private erbital launch (1SED)

28 November 2022

| fypuce 8 0 Dhenush, the first private |
’ 5n3w Uih::f;f& TN launch pad and mission control '
a suborbital rocket, centre in [ndia, ab Seihariksota,

from Sriharikota was inaugurated in 2011;

in 2022 (ISRO).

Dharush, the first private
launch pad and mission control
centre in India, at Srihariksta,
was inaugurated in 2022,
from it Agnikul Cosmos flew
Agnibaan 50rTeD on a
suborbital mission in 1024,

On 18 July 2026
Skyroot’s Vikram-I, |
from Sriharikota,

two satellites,
SCOPE and Grahaa,
in low Earth orkit:
India's first private
orbital launch (ISR0)
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Launch sites and AP link

Site _ 'w'hzr: Status as on 18 October 2026

Thumba (TERLS! “Near Thiruvananthapuram India's first launch site (1963);
(r ) | cl.aurtu I'r;lr: mgﬂ&fcputqumtﬂr now part of WS5C; used for sounding rockets
Satish Dhawan § | An-island in Tirupati district, | Dperational since 9 October 1971, when an RH-125
Centre (SDSC) SHAR, | Andhra Pradesh m-lw.{i rocket was launched: renamed after
Sriharikota Satish on 5 Seplember 2002;
all of ISRO's orbital launches in Topic 17 go from here
| SSLV Launch Cmp{gx,"—'l_'amil Madu Planned second spaceport for SSLV launches. The

Kulasekarapattinam Department of Space's Janvary 2026 schedule

tarqeted readiness by August 2026 and a first
orbital launch by the end of 2026: These are
anncunced forgets, not completion dofes,

Thumba (TERLS) Satish Dhawan Space Centre |7 SSLV Launch Complex,
Near Thiruvanasthapuram, (SDSC) SHAR, Sr:haﬁicnta Kulasekarapattinam
close to the magnetic equater | An island in Trupati district, | Tamil Madu

Anﬂw Pra.d:sh

LY
s il P | o reces b g ok o ¢
1 - LI 4 -] u ft
Irdia’s first launch site (1963): EE: whiondl since 9 Ockober' 1971, brt pibers by u:rma o 2026 These are
Wk of VS5C: used for n.an KH-125 spunding rocket was: launched; ammeunced fargels, ok completion detes

renamed affer Satish Dhawan on 5 Seplember 2002
g rockety nﬂnflsmswhtdhth:mfmﬁpfmh

Recall: Teie 7 (orbits and their uses);
Topic 17 (the four launch vehicles and
the Srikarikota pads); Toplc B7. (NevlC,
ISRO's regional navigation system,
carlier TRNSS); Topic 110 (LVM3-Mb,
24 December 2025, with BlueBird Block-2, I8
the heaviest satellite launched from 3
Indian seil),

ic 110

Topic 87 | Topi
(NawIC, ISRO's regional || {LVM3-M&, 24 Decomber 205,
navigation system, with BlueBird Black-2,
aﬂv TRMSS) the hewsiest satefide bunched
from Tndian sofl},
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1968

1969

1971

1972

I — :
R i I -!‘

) S |
Aryabhota launched 2014 Mars Orbiter Mission
(done) 24 September
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Space ckronology 1962-2020

APPLE, 19 June;
1‘?31 Bhaskara-II, 7
20 November
(done)

INCOSPAR. set up
under the Department
of Atomic Eurgg . E—
(done) s

First seunding racket

st Thmba. INSAT-1A,

21 November 10 April

(done) (done)

TERLS dedicated to Sharnd
the United Nations, oty

2 FEhF'I.Id.Hj - : 7 April
(done) m — i m:]rl'l-

15RO formed,
15 August
(dome)

IRS-1A,
17 March
{done)

Srlhnnl:n{‘n thmnl
9 October
(done)

Space Commission ond
Department of
June; TSRO placed under

the Department of Space,
September

-

(done)

et i 2019 Gk o
7 June; first SLV-3 flight, NSIL established

10 August "

{done) (done}

SLV-3 places Rohini RS-1 sector to

in orbit, 18 July 2020 m mmm
{dome) appreves the creation of

IN-5PACe, 24 June
{dene) .
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Space chrannloqq 2022 - 2&23

m\nruuh pnuﬁlz lismch pad
Inq,ug-umhd at Seiharitatn,

2022 28 November (done)
= — T raille . e b < WD UBITINN
Indian Space Policy 2023, Chmlmsmn 3 lands, M L1 launched, G:bgﬂnbmn TV- D‘1
SP‘“ d 23 August; . 2 5?':;“” 21 October (done)
Imo
l ;ijr

XPaSat, 1 Jonuary;  Aditye-L! cnhn its SOrTel,  BAS-O opproved, SpaleX launched,
fidlos ’is“"’““ sl

halo e, 6 January; | 18 Scrt 30 December {dene)
: February; T

| SpabeX dn:klng. Shubhanshu Shukla on Axiom-4, first Intgrated e Drop Test, |
. 25 June to 15 Julg. 24 -‘llbgmm} .

Skgrmh \Fl!-cmn I India’s first private orbital lmn:h
from Sriharikota, 18 July (done)

2026

—

First orbital launch frem Kulasekarapattinam,
targeted by the end of the year { planned)

2026

Gaganyoan-Gi: upcoming; CM-5M separation tests completed. TSRO
2026 armoancement: 16 Detober 2026, Plonned orbital mission; 2026 target,

target; -,
exact date A
nat given =

Launch of BAS-01, the fiest module of the Bharatiys Antariksh Station,
and completion of the sight Gaganyaan missions by December (planned)

e 3..--5---%---"& 4-0-4-.

2028
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Space missian exam traps

1. “Chandrayaan-1 landed on the Moon.”

Chandrayaan-1 (2008) was India's first
mission to the Moon and worked from
lunar orbit; it is remembered for
the evidence of water molecules.

The soft landing, near the south pole,
was made by Chandrayaan-3's
lander Vikram in 2023,

Chandrayaan-2's orbiter remained
operational in the 18 October 2026 f
snapshot. :

2. Mixing up the launch date and the date the qml was reached.

The Mars Orbiter Mission was launched in November 2013 but entered Mars orbit only in
September 2014, SpaDeX was launched on 30 December 2024 but docked on 16 Jmuarg 2025.
Aditya-L1 was launched in September 2023 and reached its halo orbit on 6 January 2024,
A question that asks “when did |t reach” wants the second date.

Mars Orbiter Mission [MM}
é ﬁil ﬁ/"w t ! =) o ;5
' an.l'.nl o Launched in M ',“ hals orkit

me o | Entered Mars bt
melm- D13 | soptamber 2014 | |30 December mm K qums | | September 2023

[ Jmu.rg w4

3. Treating planned as done, or crediting the wrong spacecraft.

Rakesh Sharma (1984, Soyuz T-11) was the first Indian in space. Shubhanshu Shukla (2025)

was the second Indian in space and the first at the ISS, and he flew on Axiom-4 in a SpaceX Dragon,
not on Gaganyaan. Gaganyaan-Gl remained upcoming in ISRO's 16 October 2026 announcement;
T‘..I’Di wnsmnhwt ssstm test. Bﬁﬂimmaphnudiﬂzﬂ module.

sy

|5mm51 " BAS-01 |

Shubhuarchy sml. {2:125}
was the second Indian

(1984, Soyur T-11) i space and the first | ed
was the first at the 155, and he flew m;armulg,

Indian in space. |l on M:{-;-:n Sp:uh! Dragen,

Sowrces: Day 18 Source indéx | Topic 177 | 4

Dray 18- | T177 « PASC | 113155
Siaswithdrray | www.iaswlthdrmavi.com

IAS with Dr Ravi | iaswithdrravi.com 221



DAY 19 | TOPIC 187 | VISUAL 1

Back to index

AIM. PREPARE. ACHIEVE

M IAS WITH DR RAVI

rFSc.lelr\ce knowledge built from evidence |

(s Scaence is a sgstemattc attempt
' to understand natural phenomena.

N

|| Scmntlﬁc knowledge uses !
' observations, experiments and
reasoning, rather than a::ceptmg |

f"E“'EP‘meN [ hﬁl

authority alone.

[ | EJPERIHFHT f ﬂﬂ

Observation:
record what
happens carefull 5

Experiment:

test a question
under controlled
conditions.

describes properties

[Qualrtatwe reasnnmﬂ

= [ A . e ;
2 Iy " o e [ =
= f et
1 ol Ry, i, ] -
iy - W= A . W
| \ . ra ] : o <
ki ] A 11 o
k-__.--‘ ) K= F. - ~ ]
i M I ol i 4 2 jr -
| e Y -
e = ! ) / gt Y
! S RN~
- = . i ’
=) k)
|
& - | :
i s Il
] 7 -

Euan’tltﬂtwe reasoning

measures and compares.

rermsent pa.’cberns and
hep make predictions.

Expla.m

New evidence can revise explunatmns

L —:ﬁ;iintific knowledge_

remains open to correction. = W

—

-

@iaswithdrravi
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Scientific method: test, learn, revise

[ Observation —» Question —» Hypothesis — Prediction — Test — Evidence — Revise. |

bl i i)

Observation: o> Question =~y Hypothesis: .
record a pattern -&p - propose a testable
carefully. - & - explanation.

Prediction:

Revision: state what should

retain, modify or Sl happen if the
reject the explanation S explanation is sound.
as evidence requires. = ekt
——— 4 3
"4
Testing:

use observations or

controlled experiments;

B compare results with
g the prediction.

check measurements,
uncertainty and .-
alternative i

e vy P S
MR s R

ion: Simple circular-orbit model Kepler's elliptical orbits
Plane’tary l'ﬂ:ﬂtlﬂﬂ- {:hulﬁnged by observations) (fitted the nbs:ept:t;aﬁans f:eﬂer)
bﬁﬁler nbdserva’tlmﬁs T i
challenged simple 4 N R s
circular-orbit models. / E‘ 7 @
Kepler's eﬂigfina! orbits T\ . ; { 7
fitted the observations \ A e =

\ A | e T

better. s ”

'\-.._4.-"

/ \ Science is not one rigid recipe.

Steps interact; new evidence can send

t /  researchers back fo an earlier question.

A successful test supports
= an explanation; it does not
=" make it immune to future
correction.
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Hypothesis, theory and law: different jobs

HYPOTHESIS: THEORY: LAW:

a proposed explanation a coherent explanation a description of a regular
that can be tested. supported by evidence; it relationship in nature,
M connects observations under stated conditions.

= : _ | and explains patterns.

'3 ) N

T

i) i)

A theory does not become a law merely by collecting more evidence. ¢* i
Explanation and description perform different roles. 5

PREDICTION: FALSIFIABILITY:

an expected observation a claim must risk being |
derived from an idea; contradicted by possible evidence. ff =———

Karl Popper used this as a criterion|
for empirical science.

Worked logic: Before

. 7~
'All samples of this material expand i Ask:
when heated under these conditions. Whn’(dﬁ‘ﬂm“
A reliable counterexample challenges the claim. a::'::xts.’t Ec'?m claim?

Check the measurement and conditions : j
before revising it. & S
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Saence e technology a two-way relatlonslﬂ
SCIENCE asks: || TECHNOLOGY asks: |

| Why does nature behave this way? || How can we solve a practical problem?

~ Observation, experiment and ' Design, testing and improvement create
/ . explanation build knowledge. useful products and processes.

" Science can enable ’technulugy

" | ﬁ mathematical ideas and physical

discoveries underpin modern

v computing.

Technology can lead science:

early steam engines existed before
thermodynamics developed into a |
systematic science. Improving engine ff ' .1
efficiency helped motivate the AL £
scientific questions. '

( Tools also expand discovery:
‘ microscopes, telescopes and measuring instruments
reveal observations previously unavailable.

b — o i =
The feedback Ioop
knowledge — design — instrument — new evidence — better knuwledge
)
knowle : design -_.I instrument . new evidence | better knowledge

( Exam trap technnlugy is not always a later, one-way appllcatmn of science. j
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Research becomes useful through several routes]

BASIC RESEARCH: APPLIED RESEARCH: EXPERIMENTAL DEVELOPMENT:
investigate fundamental investigate a specific use research and practical
questions and improve practical aim. experience to produce or improve
understanding. ——  products and processes.

f Example dpa’thwa

understand a mafer:al = fest it for solar conversion — build and evaluate a prototype.

BASIC
I RESEARCH R&D includes basic research,
applied research and experimental I

development. The stages interact 3
ﬂlFPLIED EIPERIMEHTAL % S ]
RESEARCH i_a[ DEVELOPMENT } ;f;i‘%ﬁ",f;e_ﬁ""“"ﬂ avinevtable Qe
INNOVATION: ' TECHNOLOGY TRANSFER: ' INDIGENISATION:
put a new or improved product move knowledge and know-how | develop and produce capabilities
or process into use. An invention | from a developer to a user or within the country; it is not merely

alone does not guarantee

roducer.
successful adoption. P

mpud_mg a finished system

Ewdenc& testing, scale-up and real-world use
cc-nnect dlscwery wit publrc benefit.
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Many sciences, connected applications

PHYSICAL SCIENCES: | EARTH SCIENCES: |  LIFE SCIENCES: MATHEMATICAL AND

physics and chemistry study Earth, its | investigate COMPUTATIONAL SCIENCES:
examine matter, energy materials and living systems. develop quantitative
A models, algorithms and

and their interactions. processes.

i

tools for reasoning.

D1i0101

N g B/ 01010
Applications cross subject boundaries:
SPACE: HEALTH: AGRICULTURE: ENERGY: ENVIRONMENT:  PEFENCE, INFORMATION
observation, diagnostics, crop improvement,  generation, storage  monitoring pollution T;EH;EELDEIEE;D
communication vaccines and soil and water and efficient use.  and managing ! Hk: s
and navigation. treatment. management. . F resources. ‘““#'u': mu:r:l ge

disciplines.

3 A il i ghh "
- ATy P17 I iy

Example: a crop-muni’mrin_g system connects satellites, plant science,
\ weather observations and data analysis.

f: .__Il.-.' -._ Y

Dt andivel Camneﬂeifnr?aﬂun
; a a analysi s isi
field observations. give local conditions. identifies crop status. ﬂm’ um,P ma;rﬂg:,;ﬂ:?s

Technolugy's value depends on the problem solved, )
ﬁ reliability, cost and social consequences. -'
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~ ARTICLE 51A(h):

 develop scientific temper,

‘ humanism and the spirit
of inquiry and reform.

- This Fundamental Duty was added .
I._ through the Forty-second Amendment, 1976.

Scientific temper: inquiry with responsibility

“SCIENTIFIC TEMPER IN PRACTICE: 5 |
@ Apply inquiry with

humanism and concern |

o Ask for evidence, e Check claims and o Revise views when
| not only authority. alternative explanations. reliable evidence changes.

o N

|"."

- o = . — . v
Lo - o B
o T = i
F - -id |

ETHICS: | DUAL USE:
consider safety, consent, fairness, the same knowledge or technology
privacy and environmental effects - may support civilian and '“'i'ta"il PUFPOSES.
| when designing or using technology. Examples include navigation, nuclear

technology and rocketry.

Safety  Comsent  Privacy  Fairness  Environmental

A useful technology is not
automatically harmless.
'~ Governance must weigh benefits,
_ risks and safeguards.

Inquiry + evidznc;:responsiblity — socially -u-se_Fu[_prngress.
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Indias science system: roles and evidence
2 PSA N

PSA: advises the Government

== ~ | on science, technology and e TR
~ _ DST e CSIR

mnm.Fatlnn
/ mw“ " CSIR: multidisciplinary
— \ scientific and industrial
research.

|
a— 1

DST: supports and
coordinates science and
technology development.

ANRF
— ANRF: supports and
strengthens research and

innovation under the

ANRF Act, w

( DBT b
DBT: promotes

biotechnology research
and development.

GERD, 2023-24:
2244,761.81 crore

GERD as a share of GDP,
2023-24:

0.84%

‘| REFERENCE YEAR.
(1 (for these figures) |

2023-24

2023-24 is the
| reference year
"E' these figures.

2025-26 is the
report edition.

GERD means Gross Expenditure They are not measurements

= on Research and Development. i for 2026.

Source: Ministry of Science & Technolegy, PIB, 29 July 2026, citing DST Research & Development Statistics 2025-26.
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1 and 2 Energy is not just electricity

India’s energy mix is the share that each source (coal, oil, gas, nuclear, hydro and the other renewables) holds
in the energy the country uses and in its electricity. The examination asks for these shares, the electricity
shortage and the dependence on imports, each with its year and its source.

Coal oil Gas Nuclear Hydro Other renewables

Transport, heat and
other non-electric uses

i eaRe e

Panc
J .. 'AQ-

agriculture. Each source has a share in the Z'[':':fs sstxl;:yaZn(:Lé 99a;érciﬁL::;o:;Odﬁ;:ﬁ:;niﬁ:{bles
¢lesirioity penendted. other direct uses, not just for generating electricity.
Units

KToE means thousand tonnes
= 1,000 million units (MU)

of oil equivalent, a common unit
for adding up different fuels.

i 1TW
= 1 billion units (BU)
l = 1,000 million units (MU)
of electricity.

2 Revision notes

Units: 1 GW = 1,000 MW. 1 TWh = 1 billion units (BU) = 1,000 million units (MU) of electricity. KToE means
thousand tonnes of oil equivalent, a common unit for adding up different fuels.

Earlier topics: Topic 47 explained fission and reactor types; Topic 76 gave India’s nuclear stations (8,780 MWe
in 24 units, 3.1 per cent of generation in 2024-25); Topic 97 explained solar technologies; Topic 117 gave the
Solar Mission and MNRE's solar and non-fossil capacity for 30 September 2026. Their tables are not repeated here.
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2.1 Rising demand and final consumption

1. How much energy India needs 18,096
" megajoules
Per capita energy (MoSPI) 15,296

The Ministry of Statistics and Programme megajoules
Implementation (MoSPI), in Energy
Statistics India 2026 (3314 edition,

: nd
released on 30 March 2026), puts per Compou

: nnua

capita energy consumption at 18,096 q?owth of
megajoules in 2024-25 (provisional), 1.32nt
up from 15,296 megajoules in 2015-16. L P rer 7
That is a compound annual growth 2015-16 2024-25
of 1.89 per cent. (provisional)
2. Per capita electricity against the world f‘wo;i[&}u)mgi

| 2022
About 1,460 kWh per person in India [ India —'
in 2024-25, against a world average | (2024-25) |
of 3,486 kWh in 2022 (Central e
Electricity Authority, CEA, as About
Wikipedia gives it). The world average 2.4 times
is about 2.4 times India’s, though India's

1,460 _
kWh per person kWh per person ‘w

the two years differ.

3. Total final consumption (the energy that reaches users)

4,69,212
KToE /'P

i Rise of 5
S et 297 S

Total final consumption (the energy that
reaches users) rose from 4,69,212 KToE
in 2015-16 to 6,08,578 KToE in 2024-25
(MoSPI), a rise of about 29.7 per cent.
Both values are confirmed in the full
Energy Statistics India 2026 energy-balance [
tables; its highlights describe the increase [
as around 30 per cent. 5

&;578

4. Peak demand for elec{'ricify Peak demand met All-time high met
in 2025-26: in May 2026
The peak demand met in 2025-26 was 245.4 GW 270.8 GW
2,45,416 MW, about 245.4 GW (2,45,416 MW) "
A '

(Ministry of Power, CEA figures).
The Ministry told the Lok Sabha

on 23 July 2026 that an all-time high
of 270.8 GW was met in May 2026.

== LA >y
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2.2 Reading the primary energy balance

2.2 The primary energy mix e TPES in 2024-25: 9,32,816 KToE,
] ¢ 2.95 per cent more than in the year

Total primary energy supply (TPES) is before (MoSPI).

all the energy that enters the economy, o ¢y coal, lignite included, supplied

before it is changed into electrlaty 5 52’315 KToE in 2024-25. That is

or fuels. about 59 per cent of TPES.

Prtmarg energy shares (MoSPI, 2024-25 prowswnal)

V

1

,, G,.II.__.!":]I
=

* 'll\_-—n | Ro—

dl

\

w‘ o

\ . n;’.wable ener = ' -
- 59, 21 per cent ,J 29.79 percent  7.12 per cent 3.84 per m? ; 1.58 per cent
e r A ™\
Coal ’lnc.[udmg Crude oil Natural gas  Large hydro | Solar, wind Nuclear energy
I'Bﬂlte 1.37 per cent and others
2.4% per cent
\ J

Y
These five positive shares sum to 101.54 per cent:
the energy balance also includes negative net supply of oil products and electricity.

Oil products

2 -14,198 KToE
> (negatlve net supply)

Electricity

-272 KToE
(negatwe net supply)

Two different measures of coal’s share

Measure of coal’s share Figure Year Who gives it
Share of total primary About 59 per cent 2024-25 MoSPI, Energy
energy supply (5,52,315 of 9,32,816 KToE) Statistics India 2026
Share of utility electricity About 69.6 per cent 2025-26 CEA figures (2.3)
generation g W
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2.3 Capacity and actual generation

2.3 The electricity mix Installed capacity (GW)
Installed capacity is how much the plants can produce N

at full output (in GW). Generation is how much
electricity they actually produced in a year (in TWh).
The table uses the CEA's figures for utilities (plants
that supply the grid, not captive plants built for a
factory’s own use): capacity as the Ministry of Power’s
“Power Sector at a Glance” gives it, and generation

[

Shows how much

Shows how much the

from the CEA's overview of generation for plants can produce electricity they actually
March 2026. at full output. producemf in & year.
Soiinde Installed capacity, Share of Generation, Share of
31 March 2026 (GW) capacity 2025-26 (TWh) generation
Coal 228.6 42.9 per cent 1,280.7 69.6 per cent
Gas 20.1 3.8 per cent 26.0 1.4 per cent
Diesel (oil) 0.6 0.1 per cent 0.4 Under 0.1 per cent
Nuclear 8.8 1.6 per cent 55.2 3.0 per cent
Large hydro 51.4 9.7 per cent 167.2 9.1 per cent
Small hydro 5.2 1.0 per cent 12.0 0.7 per cent
Solar 150.3 28.2 per cent 174.8 9.5 per cent
Wind 56.1 10.5 per cent 106.7 5.8 per cent
Biomass 10.9 2.0 per cent 14.1 0.8 per cent
l__WaSte to power 0.9 0.2 per cent 3.0 0.2 per cent
Total 532.1 100 per cent 1,840.1 100 per cent

Coal Solar

Largest source of Has 28.2 per cent

generation, Suppl?ng of installed capacity

69.6 per cent o and 9.5 per cent
electricitg, with of gengraﬁon_

42.9 per cent _

_ of installed

capacity.

Wind

Contributes

10.5 per cent of

N installed capacity
T and 5.8 per cent
Je  of generation.

- Accounts for
2% 9.7 per cent of
b installed capacity i
== and 9.1 per cent
of generation.

Biomass and
waste to power

Together account for

< 2.2 per cent of installed

~| capacity and 1.0 per cent
. _ of generation

(0.8 per cent

.. from biomass

Nuclear
Provides 1.6 per cent
of installed capacity
and 3.0 per cent

of generation.

Has 3.8 per cent
of installed capacity
but only 1.4 per cent
of generation.
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2.3 and 2.4 Non-fossil capacity is not output

2.3 Dates scope and totals

The capacity rows add up to 532.9 GW against
the total of 532.7 GW; the gap comes from
rounding. Coal includes lignite (6.6 GW),
and biomass includes bagasse. The shares are
worked out from the unrounded MW and MU
figures. The generation total leaves out
*.8 TWh imported from Bhutan.

532.9 GW

The gap
# comes from
532 7 6W rounding.

30 June 2026 snapshot
The Ministry of Power told the Lok Sabha on 23 July 2026
that installed capacity stood at 5,48,858 MW on

30 June 2026: fossil fuel (coal, lignite, gas and diesel)
2,51,489 MW, or 45.82 per cent, and non-fossil

(solar, wind, hydro, nuclear and biomass) 2,9%,369 MW,
or 54.18 per cent.

Total installed capacity
5,48,858 MW

&
-

o

Fossil fuel
(coal, lignite,
gas and diesel)

2,51,489 MW | 45.82%

Non-fossil R
(solar, wind, hydro, &\
nuclear and biomass) 7,

2,9%,369 MW

54.18%

2,97, 36w (5118 percent) LT

LR

Renewables in MoSPI’s count
2,29,346 MW of renewable capacity,
utility and non-utility together,

on 31 March 2025; renewable
generation of 4,16,823 GWh

in 2024 -25.

Growth

Installed capacity rose
from 249 GW in 2014
to about 552 GW
in July 2026

(PIB, 13 August 2026).

2,29,346 MW 1 T

renewable capacity % 4,16,823 GWhI

(ll‘tilitg and non-u‘tilitg renewable genemhon
together) in 2024-25

on 31 March 2025

2014
249 6W

about 552 GW

Non-fossil share of generation
Large hydro, small hydro, solar,
wind, biomass, waste to power
and nuclear together gave

533.0 TWh, about 29 per cent
of the 1,840.1 TWh of 2025-26.

Total generation: )
1,840.1 TWh (2025-26) Ko

2.4 Non-fossil capacity against the 50 per cent target
India’s updated nationally determined
contribution (NDC) of August 2022
aims at about 50 per cent of installed
electric power capacity from non-fossil
sources by 2030.

That share has already been passed :
53.2 per cent on 31 March 2026
(from the table in 2.3) and

54.18 per cent on 30 June 2026
(Ministry of Power). Topic 117 gives
the date on which India first crossed
50 per cent and MNRE's figures

for 30 September 2026.

Non-fossil share of installed capacity
53.2% 54.18%

-

31 March 2026
(from the table in 2.3)

—_—

30 June 2026
(Ministry of Power)
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The target is about capacity.
In generation, coal still gave
about 69.6 per cent

in 2025-26.

" Cod
about 69.6 per cent

in generation
(2025-26)

&
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2.5 How small is the electr1c1ty deficit

2.5 The electricity deficit

The energy shortage is the electricity
that consumers required but could not be
supplied, as a share of the requirement.

Electru:lty h 8

The Ministry of Power gave these figures i ' El;tr[city T
to the Lok Sabha on 23 July 2026. ¥ (o ;.1025—26) " 5‘;[31;'5'326) s
MRialase | (in 2025- .
Year | Energy not supplied | Energy shortage ' e
2013-14 | Not given in the reply | 4.2 per cent
2022-23 7,583 MU 0.5 t
PrEet o he reply calls the 0.0 per cent of 2025-26 a sharp
2023-24 | 4,112 MU 0.3 per cent decline. The Ministry of Power’s “Power Sector at a Glance”
2024-25 1,590 MU 0.1 per cent gives the shortage for 2025-26 as 0.03 per cent. The two
2025-26 508 MU 0.0 per cent agree: 508 MU is about 0.03 per cent of the year’s

requirement, which rounds to 0.0 per cent at one decimal place.

3 Worked example
Example 3. Why the shortage reads 0.0 and 0.03.

508 MU not supplied + about 17,07,500 MU required = 0.0003,

that is 0.03 per cent. Rounded to one decimal place it is 0.0 per cent. \
Both figures describe the same year.

Energy supplied in 2025-26 was
1,707.0 BU (Ministry of Power,
23 July 2026).

Peak shortage (peak demand that could not be met)
fell from 4.5 per cent (6,103 MW) in 2013-14 to
0.01 per cent (28 MW) in 2025-26 (Ministry of Power,
CEA figures).

( 2013-14 ) ( 2025-26
4.5 per cent || 0.01 per cent
(6,103 MW) (28 MW)

=

Transmission and distribution losses fell from about 22 per cent
in 2015-16 to 17.52 per cent in 2024-25 (MoSPI, Energy Statistics India 2026).

€. By " % Wl} About
@ & 22 per cent
(2015-16)

17.52 per cent
(2024-25)

Transmission and ‘

dlstrlbutlon losses |
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2.6 Oil and gas import dependence

Imported crude oil is
processed in refineries

: ﬁ 1 8 &  to produce fuels such as
I petrol, diesel, kerosene,
LPG and other products.

Fuel What the sources say Year
Crudeoil Import dependence of nearly 89 per cent; 2024-25 (Energy Statistics India
imports rose from 234.26 to 243.22 million tonnes | 2026, as Down To Earth reported it)
Grude ol Close to 88.5 per cent of the crude oil consumed Ministry of Petroleum and Natural
is imported Gas (PIB), July 2026
Cridevoil E imp&rt de?;enden%g on a cdnsumption basis: | pPAC Monthly Ready Reckoner,
88.3 per cent for 2024-25; 88.7 per cent for 2025-26 Oczober 2026 (data for September 2026),
Sl P MRS D a
Natural gas Import dependency: 50.1 per cent in both 2024-25 | Same PPAC publication, p. 28
and 2025-26
Natural gas Imports rose by 12.3 per cent to 35.72 billion 2024-25 (Energy Statistics India 2026,
cubic metres as reported)
Crude oil import dependence Natural gas import dependence
Nearly 88.5 88.3 88.7 50.1 per cent 50.1 per cent
89 per cent per cent per cent per cent

in 2024-25 ‘ in 2025-26

OO D TN

£ e 2024-25 2025-26
2024 25 Miistry of Petroleum PPAC Monthly Ready Reckoner, October 2026

(Energy Statistics | and Natural Gas
. PPAC Monthly Ready (data for September 2026), p. 28
India 2026, as (P1B), Reckoner, October 2026 ; g

D To Earth July 2026 .
i:;or:e d ‘: Y uy (data for S;p’;embar 2026), | Natural gas imports
e _— Imports rose by
Crude oil imports (million tonnes) 12.3 per cent to

35.72 billion
cubic metres
in 2024-25 SRS
(Energy Statistics  pmm——
India 2026, . ===
as reported). ==

M

+

o]

(5]
|

Crude oil is the fuel on which India depends most on imports. For a question naming a source,
use that source and its reference year: the older MoSPI-based description is nearly 89 per cent
for 2024-25; PPAC’s October 2026 publication reports 88.3 per cent for 2024-25 and 88.7 per cent for 2025-26.
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2.6 Coal gross imports and net imports

2.6 Dependence on imports
Fuel What the sources say Year

Coal Net imports (gross imports minus exports) fell by | 2024-25 provisional
8.09 per cent to 241.71 million tonnes; production | (MoSPI, Energy Statistics
rose by 4.98 per cent to 1,047.52 million tonnes India 2026, Table 4.1
and highlights)

Coal Imports fell by 7.9 per cent, from 264.53 to 2024-25
243.62 million tonnes (Ministry of Coal, PIB,
27 May 2025)
Coal Production of 1,040.08 million tonnes, against 2025-26
1,047.52 million tonnes in 2024-25 (PIB, 13 August 2026)
Domestic coal production In 2025-26, coal production
Nl o Production rose by 4.98 per cent is estimated at 1,040.08
o 3 million tonnes, against

> 1,047.52 million tonnes
Jocge- in 2024-25.

© Production BSR.
1040.08 W&

. IR : . et 21| Y A = million tonnes [
lpaoiti)lctlsoré. TR A i (297__5_—26) |

*_million tonnes

Gross imports (incoming) MGt iwports Exports (outgoing)
Imports fell by 7.9 per cent, Giace irrports MoSPI Table 4.1 gives

from 264.53 to 243.62 7.9% minus exports exports of 1.91 million tonnes
million tonnes (2024-25). e ) . o in 2024-25.

million tonnes T * 8.09% million tonnes

(gross imports, 2024-25) > fall (exports, 2024-25)

e Coal is the reverse case: India produces most of the coal it uses. MoSPI Table 4.1 gives
gross coal imports of 243.62 million tonnes and exports of 1.91 million tonnes in 2024-25,
leaving net imports of 241.71 million tonnes. Gross imports fell by 7.90 per cent;
net imports fell by 8.09 per cent. The Ministry of Coal figure of 243.62 million tonnes
agrees with MoSPI: these are different measures, not conflicting compilations.

® Oil and gas in detail are in Topic 826, and India’s energy resources and import dependence
in Topic 226.
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2.7 Securing energy and the transition

2.7 Targets and energy security measures 2030 2035 2070
500 GW and 60% Net zero

India has set targets to expand clean energy, about 50% non-fossil

improve energy security and support the non-fossil capacity

transition to a low-carbon economy through Eapacity

| T
—0

SEVGI‘&I measures.

500 GW target Updated NDC (August 2022) Later NDC (March 2026) Net zero

500 GW: non-fossil capacity About 50 per cent of installed The Ministry of Power stated on Net zero:
of 500 GW by 2030, as in electric power capacity from 23 July 2026 that the third NDC by 2070.
Topic 117. non-fossil sources by 2030 targets 60 per cent non-fossil installed >

(2.4). electric power capacity by 2035.
This is a later target, not a replacement
of the historical 2030 milestone.

Strategic Petroleum Reserves

Strategic Petroleum Reserves: reserves of crude oil held by the Government:

5.33 million tonnes at Visakhapatnam (1.33), Mangaluru (1.5) and Padur (2.5),

Two more facilities of 6.5 million tonnes, at Chandikhol (Odisha, 4) and Padur (Karmataka, 2.5),
were approved in July 2021 (Ministry of Petroleum and Natural Gas, March 2025).

Details are in Topic 826.

Existing strategic petroleum reserves
& (5. 33G|gmlllon tonnes)

Approved new facilities
6.5 million tonnes)

Visakhapatnam Mangaluru Padur Chandikhol Padur
1.33 million tonnes 1.5 million tonnes 2.5 million tonnes (0disha) (Karnataka)
2 4 nulllon tonnes 2.5 million tonnes|

I
|
I
|
|
|
I
I
I
|
I
I
|

National Green Hydrogen Mission Ethanol blending

National Green Hydrogen Mission: Ethanol blending: the target is 20 per cent
approved in January 2023 with an Outlay ethanol in petrol (E20). It was first set for
outlay of T19,744 crore; its target is : 319,744 crore 2030 and then advanced to 2025; the Ministry

(approved of Petroleum and Natural Gas said on

January 2023) 8 August 2025 that it had already been
————————  achieved in the ethanol supply year then runnmg
Details are in Topic 876.

5 million tonnes of green hydrogen
production by 2030 (PIB, August 2026)

Details are in Topic 487 Target

: 5 million tonnes
ULl of green hydrogen

0 production

l by 2030

B (PIB, August 2026).
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3 Why capacity shares and output differ

Solar: variable output Nuclear: steady output
Solar plants produce Nuclear plants can run

electricity only while continuously, giving a steady
the sun shines. . / \ i ¢

supply of electricity

4 : i throughout the day
'/_ & iz . e \. and night.
5 l:”f i { .,:_-, 2 :

elan. e aiell

'Morning s SR Midda " S 'Evéni-ng. "
low output high output output falls

Gas: higher capacity but lower output

[
Gas holds more than twice the capacity of g“; e;‘:/
nuclear (20.1 GW against 8.8 GW) but gave 5—5'2 Ay

about half as much electricity (26.0 TWh
against 55.2 Twh).

3 Worked examples

Example 1. A share from the generation figures.
Solar gave 174.8 TWh of 1,840.1 TWh in 2025-26: Solar

= = 174.8 Twh

174.8 + 1,840.1 = 0.095, about 9.5 per cent. (2025-26)
Large hydro gave 167.2 Twh: i
167.2 + 1,840.1 = 0.091, about 9.1 per cent.

Large hydro |’
5 167.2 TWh §
¢ (2025-26)

Solar is now slightly ahead of large hydro, but -- sl
the two are close. ‘*“'(‘ff&%?l”f'_\w;wﬁf
Example 2. Capacity share against generation share.
Source Share of capacity Share of generation Generation share + capacity
_ (31 March 2026) (2025-26) share (from unrounded values)
2% ~ Coal 42.9 per cent 69.6 per cent 1.6
Nuclear 1.6 per cent 3.0 per cent 1.8
Large hydro 9.7 per cent 9.1 per cent 0.9
Solar 28.2 per cent 9.5 per cent 0.3
Y Gas 3.8 per cent 1.4 per cent 0.4
N ETES Be B o
® A ratio above 1 means that the source produces more than its share of capacity would sugges’f;
below 1, less.

® Solar plants produce only while the sun shines, so solar’s share of generation is about a third
of its share of capacity.
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3 and 4 Check the denominator

3 Two totals for one year

Example 4. Two totals for one year. The Ministry of Power
counts energy supplied in 2025-26 as 1,707.0 BU and says
renewables, large hydro included, made up 28 per cent of it.
The CEA’s gross generation of utilities is 1,840.1 TWh.
The same renewable output, 477.8 TWh (large hydro, small hydro,
solar, wind, biomass and waste to power), is 28 per cent of
1,707.0 but 26 per cent of 1,840.1. Always check which total
a percentage is taken of.

Energy supplied
(Ministry of Power)
2025-26

1,707. 0 BU Same renewable
; output

477.8 TWh
(large hydro, I
small hydro,
solar, wind,
biomass and || —

|| waste to power) |
o -

4 Three common exam traps

1 Taking a share of capacity 2 Using one import figure
for a share of generation. | for every fuel and every year.

Coal holds well under half of India’s | .Cmde oil is the most 3
installed capacity but produces |mpor_t*dependent fuel, while
about seven-tenths of its electricity. coal is mos.ﬂy prorliuced at home.
A target written in capacity | quhcr:de oil the ﬂ?iuri changes
(the NDC’s non-fossil share) says 1(mt ;‘ eséource ant Ft ezg;itzs
nothing directly about how much i:eér::rgy Sl’z::i:t?:s I:;ia 2026:
electricity each source gives. dlose 4o 88.5 per gent ina PIB
release of July 2026), so learn

Installed capacity  Electricity generation
each figure with its year.

(coal) (coal)

—————

N Crude oil |\
imports A\
(el #4

(2024-25)

India 2026

- -~

Well under half
of installed capacity

About seven-tenths
of electricity
generation

Close to

88.5%
(July 2026)
PIB release
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Energy Statistics I/

t

me renewable output,

Sc;fferent denominators
give different percentages.

Gross generation of utilities
(CEA) j

1,840.1 TWh ]

Mixing “energy” with
“electricity”, and one total
with another.
Total primary energy supply
covers all fuels; electricity is only
one use of them. Even within
electricity, the Ministry’s 28 per cent
renewable share is a share of
energy supplied (1,707.0 BU),
while about 29 per cent non-fossil
is a share of gross generation
(1,840.1 TWh), which also
counts nuclear.

o e Electricity
energy suPP[y
(all fuels) (only one

use of them)
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Wild Life (Protection) Act: the legal framework

Day 20 | Toplc 197 | Saence & Technalogy | ltem 22 | 1/ 9

Act No. 53 of 1972 » 9 September 1972

Protects wild animals, birds and plants
through Schedules, authorities and
protected areas.

Constltutlonal context Recall Topic 175: sanctuary —section 18;
Concurrent List entry 17A— Forests; national park—35; conservation reserve—36A;
entry 17B—Protection of wild animals community reserve—36C; tiger reserve—38V.

and birds. Moved by the 42nd [ g 7a | EMY B | Ntondl | Soncuary  Conservation Community T
Amendment, 1976. et | Prbetondt | Tk () e r;;;g:y e

wild o.ni_mals .'

National park: grazing barred.
Sanctuary: grazing may be regulated,

controlled or prohibited. To ic 157 Environment (Protectlon) Act, 1986

Sanctuary: grazing may be
Natlonal park: grazmg barred. =G M"smgtm"e% o:gprohlblt "l G separate umbrella law; Article 48A saFeguards
_ - N = = forests and wildlife. -

e

Article 48A
safequards

g forests and
wildlife.

Chronologg 1991 amendment Centro.l Zoo Authont chapter;
2006 amendment—NTCA; 2022 amendment—four Schedu!es and CITES chapter; effective 1 April 2023.

1991 amendment 2006 amendment 2022 amendment fective 1 April 2023
~ Central Zoo Authority % : : : four Schedules and . i B . k&

m Read the amended Act rot the old six-Schedule structure.
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The 2022 amendment: what changed?

Day 20 | Topic 197 | Science & Technology | Item 22 | 2/9

2.2 Amendment Act 18 of 2022 — in force 1 April 2023

Bill introduced : - -
Lok Sabha passed it Rajya Sabha passed it
all, December 2021 2 August 2022 8 December 2022

2.2
| Amendment
Act 18 of 2022

in force
1 April 2023

SCHEDULES: six - four. CITES new Chapter VB;
Two animal lists, one Elant list, one CITES specimen list. Management Authority—49E;
No separate vermin Schedule. — Scientific Authority—49F.

"B Schedule |
(il Schedule Il fi

e Z | /) 2 | .
0 Sched: Schedule v/ # e | WICITES

"0 Schedule V == An_imalls Ammals Plants || specimen

g ™ Schedule VIS - | (Lt “ '. [ (List 2 . : 'llst

Six schedules e Four schedu[es
(earlier) (now)

SANCTUARIES: section 33 now salscaptrg) CONSERVATION RESERVES: the Centre can lso
manage and protect; management fane follow . i declare them under section 38(2A), subject to 4

Central Government guldelmes the Act’s conditions.

Governme
i 7 = gmd,elll‘les X -
SURRENDER: section 42A; certlﬂcate holder gives INVASWE ALIEN SPECIES section 62A;
seven working days’ notice to Chief Wild Life Warden Centre may regulate or prohibit import,

No compensa’cton State property; certlﬁcate cance[led trade possessmn or prohferatmn

NOTICE
o Chief Wid Life Warder)

H\
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The four Schedules: protection is not the same as trade

Day 20 | Topic 197 | Science & Technology | Item 22 | 3/9

2.3 The post-2022 Schedules, effective 1 April 2023
SCHEDULE I: wild animals with greater SCHEDULE II: other protected wild animals.

protection. Section 9 bars hunting, subject Hunting is also barred. Section 62 vermin
to sections 11 and 12. ngher penalties ... declarations can be made only from this Schedule.
under section 51. ne? o, iR A | \ wikdle vie

3 Schedule II nb‘rm'allg attracts the general penaltg

M but sanctuary/national-park hunting still attracts
«  the higher penalty. i“'

8IF L TNTROERTET A0 TP L RN o VATR

SCI-IEDULE III: spech ed plants—sectwn 2(27) SCHEDULE 1V: specimens of species hsted

Section 17A protects them, subject to Chapter A in CITES Appcndlces I, 1T and IIL.

exceptions and permits. Live animals fall under section 49M, subject to
L @ G0 section 49R: if the species is also in Schedule I or II,

o e that Schedule app!les and sections 49M 490 N

do not applg - : \

CITES regulates international trade; Appendlx I specimen offences
it is not simply a list of “unprotected attract the higher renaltg
foreign animals”. - in section 51. )

vppemux 1

Appendix il

penalty
(sectlon 51)

The Act now has Four Schedules,

not sm —

Appeﬂd"‘ I

\  Schedule I normally attracts the general

Re=# “Es penalty, but sanctuary/national-park hunting
I' / still attracts the higher penalty.
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L

24 _Natuonal Board for Wild fe—'

sections 5A, 5B, 5C

Constituted by the Central Government w3k y
Chair: Prime Minister.

Vice-chair: Minister in charge of
Forests and Wild Life.

NATIONAL BOARD
FOR WILD LIFE
(Sections 5A, 5B, 5C)

Dlrector of Wild Ll{"e Preservatlon- 3
Sectlon 3 fg.in.* il aca. '

Appointed by the 3 L. " DIRECTOR OF

+. Central Government. WD LFe PReSERVATION
o o i

A mtedby —
PEomtral —
3| Government

ChueF Warden sanctuarg control, management
and protection under section 33; surrender under 42A;

: reglstratlon under the 2024 rules

Surrznder
(Section 42A)
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Boards and officers: who appoints wlnom? i

Dag 20 | Topic 197 | Scuence & Teclnnology | Item 214/9 I 73 7
e i PP _"'.

Appointed by the State Government. w0 -?'~'; ;
Wardens are subordinate to the Chlef Warden L A

/

e

™ State Board for Wid Life— |

sections 6 and 6A
Constituted by the State Government. &
Chair: Chief Minister. ..-;: N

Vice-chair: Minister in charge of #%3g’s
Forests and Wild Life. :

Standing Committee: section 6A‘.'_

TSTATE %
GOVERNMENT F’&

Chief Wild Life Warden_
(Sectlon 4

Exam trap'
the Prime Minister chairs NBWL,
not NTCA. NTCA’s chair is the
Environment Minister.

[_Pn_me hﬂister
L_ _chair; NBWL
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Central Zoo Authority: care, recognition and breeding

Day 20 | Topic 197 | Smence & Technology | Item 22 | 5/ 9

2.4 Central Zoo Authority (CZA)

Constitution — section 38A.
Functions — section 38C.
Zoo recognition — section 38H __

1. Composition and appomtment .‘ . Minimum standards For zoos -

Constituted by the Central Government;  Minimum standards: housing, upkeep and
chairperson, up to ten members and a veterinary care of 200 ammals S

Mem r-Secretary, aﬂ centm(ly appomted. Natural
: eff:lr}fure design

CENTRAL

Z0O AUTHORITY
(CZA)
3. Veterinary care a & Recognition of zoos 5 Acqmsutm mlmge and Ioans
Minimum standards include & Recognises or derecognises zoos. ~Coordinates acquisition, exchan
veterinary care of 200 animals.” . No zoo may operate wlthout and Ioans of ammals for bre g

- CZA recognltlon

6. Stud-books and breedmg 7. Chronology 8. MCQ distinction
Ensures stud-books of endangered species Chapter TVA inserted by the breeding exchanges +
bred in captivity are maintained. . 1991 amendment; in force from  stud-books — CZA.
A stud-book records breedmg Imeage : _j; 44z 4 February 1992. Older than Voluntary surrender under
—— 5 NTCA’s 2006 framework. section 42A - Chief Wild Life

¢ Warden.
1991 4 Feb g exchanges ‘
m L /‘) l
Feh Nggﬂhﬁs Volunta
marg 0 m
1992 under gchon 427 ‘
—> Chief Wild Life Warden |{
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NTCA: conserving tigers and their habitat

Day 20 | Topic 197 | Science & Techno!ogy | Item 22| 6/ 9 *Yﬁ b;:

VAT e "
" 7o

2.4 Natone Tiger Covsratin uthorty NTCA) 4022

Section 38L: constituted by the
Central Government under the |
2006 amendment.

Section 380: powers and ‘Functlons

Chair and Vice-chair — Appro ; the T’ger Conservatlon Plan

Chair: Ve prepared by the State Government.

Minister in charge \( Minister of State L o T
of the Ministry of in that Ministry. B8} 1)

Environment and | " |
Forests.

State
Government
Tiger
Conservation
lan &

' MINISTRY OF
| ENVIRONMENT AND FORESTS

Assesses sustainable ecollmg can disallow Lays down nomatwe standards for tounsm

ecologically unsustainable land use, including actwlhes and guldelmes for tiger conservatlon.
mumng am:l mdustrg, wnthm tlger reserves. .. - _ |

I(eep the roles distinct: Tl\e Prume Minister MCQQ distinction:
_ cln.alrs NBWL, not NTCA.

tiger- reserve plans and

swpgwp;;“‘"‘“ & unsustainable land use
Tiger Conservation . = NTCA.
Plan. : e . International wildlife-crime

-"la!c p;‘,,

_—

: . coordination
Chaired
the Prime M?\iter. -> WCCB
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2.4 Wildlife Crime Control Bureau (WCCB)

Section 38Y: constituted by Central e Statutory multidisciplinary body under MoEFCC.
Government order in the Official Gazette. Headquarters: New Delhi.

Section 38Z: powers and functions.

® Collects and collates intelligence on organised
wildlife crime; maintains a centralised wildlife
crime data bank.

e Coordinates enforcement; implements India’s
obligations under international conventions;
assists foreign authorities and international
organisations.

= -

Cen’frahsed |
wildlife crime
data bank

SEIZED
: MM'ERMLs

International coordination and supporf Five regional offices: Delhi, Kolkata, Mumbai,
,/""'/_i.“\ ; Chennal and Bhopal. |
r\ I I‘\ b o
airs / Pl | 'S ‘::::::?.::' agl w*ﬁ

Delhl ial_kéfa : i Chennai
Tllustrative city symbols

Official WCCB RTI account: three sub-regional offices—

/ | : Guwahati, Amritsar, Cochin; five border units—Moreh, Nathula,
’ ﬁ | s AT ] Motihari, Gorakhpur, Ramanathapuram.

= 87 -,- S ' = ;“ ; ?o' iite ‘: Sub -regional offices i

organisafiar.s/’ ¢ rr.emen/ % .ﬁ a@a "’E i i “m.

e SHERRE “= b | i

Guwahati  Amritsar  Cochin Moreh Naﬂula Mn{:har- Gorakhpur Ramthapuram

Do not confuse WCCB'’s international crime-control role with NTCA’s tiger-reserve planning role.

WCCB . NTCA

Y o 2@ @ Collects and collates intelligence L e R aelit o ks o _allle
28 . on organised wildlife crime; ' N 4 Bl 7 o
maintains a centralised wildlife

crime data bank.

E e Coordinates enforcement; |
implements India’s obligations :
under international conventions;
assists foreign authorities and
|nternationa? organisations. i

Office list: official WCCB organisation account (RTI). |

L@ © Tiger-reserve
planning role.
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CITES authorities, live animals and surrender 42 \@cs2l

2.4 CITES: Management Authority and Scientific Authorlty
Both designated by the Central Government.

Section 49E: Management Authority issues
trade permits and certificates.

Section 49F: Scientific Authority advises on

species survival and trade.

TRADE PERMIT \n
AND CERTIFICATE |

1l uve amas |
CITES

2‘6 lee Schedule v ammals: section 49M Section 49R: if the species is also in Schedule I or I,
Rules notified 28 February 2024. those protections apply; sections 49M-490 do not apply.

Possession, transfer and births are registered;
deaths are reported to the State Chief Wild Life
Warden through PARIVESH 2.0.

PARIVESH 2.0

Wildlife (CITES) Registration
@' Regfetiation Possession

r (@ Reporting Transfer

@ Service Requests Birth
Death

® Dashboard

Existing holders: six months from commencement of rules. Section 49P:
Later possession: apply within thirty days. do not alter, deface,

These are the rule’s stated deadlines, not a new grace period. ~ €"4%¢ Or remove

identification marks. Animal ||lustrat|ons are sche.m‘hc, \

not species identification.

2.2 Voluntary surrender: section 42A

Certificate Seven working Chief Wild Life Certificate No compensation;
of ownership days’ notice Warden cancelled State Government
e, o : property.

Do not confuse a surrender under 42A with registration under 49M.
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Penalties, vermin and the final exam traps
Day 20 | Topic 197 | Science & Technology | Item 22 | 9/9

(2.5 Section 51: compare the amended fines

GENERAL: TR
| imprisonment up to |
3 years OR fine up to
X1 lakh OR both.

The old maximum fine | 4
was 325,000. el
HIGHER-PENALTY OFFENCES:

3-7 years AND fine at least
25,000; old minimum 10,000.

Covers Schedule I animals;

hunting in or altering boundaries
of a sanctuary/national park; 9
Appendix I specimens of Schedule IV. §
Appendix I scope was added in 2022.

SECOND / LATER OFFENCE of this kind: {Jf

3-7 years AND fine at least
Z1 lakh; old minimum %25,000.

[ Section 62:

CENTRAL Government may notify a _
Schedule IT animal as vermin for a specified

area and period. During that notification
it is treated as not in Schedule II. 2

(for a specified ‘

4] area and period)
K VT T S o

1 nl
A r i ‘l i
i ARl . ! . _II i )
e /ARt | ’«‘;:}vm_J AT BN . KPR a =
= — —— — R =

Ll
i i

i

. h)
1 VAT

— —

(TR

o
"

|[ Recent reference: . )

Schedule III = Wardens = NBWL chair = || PIB 3 March 2025 reports the
plants State appointments  Prime Minister || seventh NBWL meeting at Gir,
W o chaired by the Prime Minister

e.g. blue Vanda

L — == e S
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[ NAPCC: the plan and its governing logic ]
[o 2.1 National Action Plan on Climate Change |

[ 13 July 2007 | =) [ 30 June 2008 | =) ( December 2008 |

flrst meeting of the Prime Minister mission documents due
Prime Minister’s Council releases NAPCC to PMCCC, with

on Climate Change with EIGHT objectives, strategies,
(PMCCC); it decides to National Missions. timelines and
prepare a national monitoring criteria.
document. 4

Orlgmal objectives covered the remaining 11th Plan and the 12th Plan w
(2012-13 to 2016-17).

Annual I
Performance |{f
Reports

&  PMCCC
el g 'ﬁ:l it [0 | t th
it —> overall oversight * ' "" __ '.'-‘1 _),'::sps.?:: :nd F.:rl;l.c[y * ,

" il L and penodlc review. report annua

@ 2.2 Co-benefits approach ]

[ Choose measures that advance development AND address climate change. 1

performance.

Development  Climate change |
{ bengﬂts | Co-benefits | | I benefits at e
' = approach = =
Adaptation: | Mitigation: ( ITdt:la s P‘"’"i“P"“l ) (CBDR-RC:
Cadjustto . @ | cut the emissions # | fz eage: X c‘.’f';“""".b“tl
chmate change causing climate g [ERPSOE S ehalay [ dtferqptatel )
Hools hands ] 1| gas emissions will at no responsibilities (G3)
£ 9 point exceed those of and respective ==}
. - e &8 | developed countries. capabilities.
= ) - 4 JL
Recall Topic 96: warming; Topic 107: UNFCCC and Paris Agreement;
Topic 117: solar mission; To_.plc 196: energy mix.
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{ Seven principles: development with climate safequards ]
FZ.Z Principles in the original NAPCC |

Protect roor and j @ Meet national grm.r.r’th1 ( Use efficient,

vulnerable groups objectives through a cost-effective strategies

through inclusive, qua[ltatwe change that for end-use demand-side

climate-sensitive improves ecological management. |
sustamable development ‘ |

sustainability.

////

0 Deploy approprlate
adaptation and mitigation
technologies widely and

rapidly. ‘ sustainable development. |

Use innovative market, ] 0 Link mplementatlon
regulatory and voluntary with civil society, local
mechanisms for government and
ny  public-private
oy e partnershaps

The 2021 MoEFCC FAQ lists the first SIX only.
| The seventh in the original plan is INTERNATIONAL COOPERATION.

Co-benefits is the plan's APPROACH, not an eighth pri_nciple.
Adaptation versus mitigation: different purposes can coexist.

llustrative adaptation: &, “oees rlustratlve mitigation: -

rainwater storage helps =t energy-efficient equipment =%

manage drought impacts. reduces energy demand (= A
and associated emissions. =l
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(Eight original missions: who leads what?
23-24 Original NAPCC mission-ministry matrix]

e &

L) Ministry of New and | raise solar’s share o
| Renewable Energy (MNRE) | in the energy mix. £\

o National Solar

Mission

( National Mission | ( = Ministr . )
y of Power, certified savings,
9 Enf:: EnE’;:?’?ccizﬂc =P through Bureau of Energy | efficient appliagnces
_lsl‘MEEE)_ i _L Ffﬁenc% (EE) ) and finance.
| National Mission | Ministry of H-ousi.n; Ak
on Sustainable and Urban Affairs m‘i&':gzn";fszi ot L
Habitat (NMSH) (MoHUA) POr- Gt

~

Ministry of Jal Shakti,

@ National Water W*[Department of Water Resources,

River Development and

I Mission (NWM) | '

| efficient water use. 8§

Ganga Rejuvenation | TS
'@ National Mission for | ] : 7N
Sustaining the (Department of Science lacier assessment, o £« X §q,
Himalayan Ecosystem ™| and Technology (OST) | Monitoring and F XS
| : (P%IMSHE)yg’_ L_' R % ik ] community manag_e_m_en:cM
f National Mission | —f;est/tree co‘;e ‘ 3
for a Green India =P MoEFCC and forest ey, (O
\_ - (GIM) J Al
f National Mission | | e o et
. o Ministry of Agriculture  climate-resilient 2575 A%
jaaistainablakged o0y Farmers Welfare | farming. N0

t Agriculture (NMSA)J !\

National Mission on

0 s

Strategic Knowledge _g | Department of Science
for Climate Change and Technology (DST)
(NMSKCC)

human and institutional
climate-science
capacity.

DST leads TWO missions: | _MoEFCC coordinates :

Himalayan ecosystem AND | the plan but does

strategic knowledge.
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{ Solar and energy efficiency: supply versus demand ]

ﬁ 3- -2.5 ' National Solar Mission + MNRE |
' Goal: raise solar’s share in the energy mix. J
| = - )

(Original 2008 plan targets for 2017: 1 Later solar capacity target:

at least 1,000 MW concentrating 20 GW by 2022, raised in 2015
solar power; local production of to 100 GW by 2022.
1,000 MW of photovoltaic [

! capacity per year. 4 ng;”j 130232

These are dated TARGETS,
not achlevement claims.

Concentratmg Photgvoltci;c IEPV)
solar power solar cells

[ NMEEE ¢ Ministry of Power through BEE . mplemented since 2011 1

Four initiatives:

PAT: MTEE: EEFP: FEEED:
Perform, Achieve ‘ Market Energy Efficiency ‘ Framework for
and Trade. Transformation Financing Energy Efficient
fOI" E"?-V'QH Platform ECOHOMIC
 Efficiency. J Development.

PAT mechanism:

designated ; ce‘;’tiied_) energy saving certificates
Ceor:lesl:lgrz;:rr;ti:\:gse energy savings certificates can be traded.
targets (ESCerts)
 Other NMEEE tools: || BEE dashboard labelled 2025:

. 1333 559 rsnvings of
Czrg;-inim of industrial |2 5.78
faster adoptlon

e : . million tonnes
of efficient finance from and fiscal e ‘ ENErgy Use ' of il equivalent.

‘__appltances future savings instruments.

A —— — — e = = -

Solar adds clean energy supply; efficiency lowers energy needed for a service.
Do not equate installed capacity with electricity generation.
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fHabitat and water: efficient cities and resource use ]

A 2.3-2.5 Sustainable Habitat « MoHUA
| Approved by PMCCC in June 2010.

[ Three parts: El

- A 7

. o Extend Energ @ Urban waste “_9 Better urban plannmg ‘

Conservation Building ’ management, including | and a shift to

Code (ECBC) to energy from waste. | public transport.

more buildings.

LWorks through AMRUT Swachh Bharat Mission and Smart Cltles Mlssmn |

[ National Water Mission » * Ministry of Jal Shakti |
_ FIVE GOALS X

=L L - ——
Comprehensive || "7 9 g Je 0 e 6 Basin-level
ublicwater database | Citizen and State V“l"?mblj, el water-use | \qter-resource
P AD e action for inclu ‘l“ o | "-fFC'e"CoU management.
of climate-change RO ‘ over;ﬁgsm X by 20% ' |
impacts on water ‘;’ % o ;
resources. SN (- @ |' : S - f > S
0= I 228 L LS QTARGET '."‘_;z, =
R0k (%30 lakh
‘ ‘ State SPBCI'FC AC'tIOH Plan grants for a major State. | for a minor State.
( 20% is a_mission target, not a measured achievement here.

" Jal Shakti Abhlgan Catch the Ram% Water conservation, information | |

' began in 2021, promoting ” s and basin management are

rainwater harvesting. _ complementary; no single city |
= bulldp ing represents the whole .

mission. 'y
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[ Two DST missions: monitoring versus knowledge ]
EB -2.5 Department of Science and Technology leads BOTH }

[o NMSHE: National Mission for Sustaining the Himalayan Ecosystem]

Assess whether, and how far, HimaTagan glaciers are receding. ]
Build a monitoring network.
Promote community-based ecosystem management. J

A : A R
.o = ; ssessment of whether, |
Monitoring network Observations and how far, glaciers

. on Himalayan glaciers ~ from the network | | are receding. |

[9 NMSKCC: National Mission on Strategic Knowledge for Climate Change]

imate Science Research Fund; university climate-research units; private innovation
through venture capital.

Build human and institutional capacity in climate science and technology. )
Cl

Univefsit i
climate-research units | | Research Fund through venture capital
Original knowledge targets: | { Reported 30 July 2025:
® At least 10 thematic knowledge networks. DST had established 18 Centres T
o =1 of Excellence under NMSKCC. 5 §mmlid S

® About 200 trained professioﬁs. - E‘:.e;‘;tt:‘:{“f:::it‘:‘;irakgﬂtfount with

| £ 60k 2 pulic brivaks vortnsrin e B 18 Centres of Excellence is not the same
o’ 2 sk d il ke alngd measure as 10 thematic networks.

@ 50 chair professorships.

( Both use networks, but their purposes differ.

Matching trap: monitoring + community management - HIMALAYAN.
Thematic networks + chairs + trained professionals - STRATEGIC KNOWLEDGE.
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{ Green India: keeE three target frameworks separate ]

[ 2.3-2.5 Green India Mission + MoEFCC |
(@ Original NAPCC context (2008) 3

Fulds on the earlier e ' National aspiration:
campaign to afforest i ? 4 33% of area under
6 million hectares 3420l /% R e forest and tree cover; |
of degraded the plan referred to

23% under forests |

@rest land. >

G

@ Mission obJectlves in MoEFCCs 2021 FAQ ]
5 million ha: Another 5 million ha: ' Together 10 million ha,

INCREASE IMPROVE _ not 10 million ha of new | forest
forest/tree covfer

| fON’-St quallty g Higher forest-based livelihood

income for about 3 million

households.

L ' Annual COZ sequestratlon increase \
Fagaly  of 50-60 million tonnes by 2020:
a historical TARGET, not an ‘
achievement statement

E@ Revnsed mission document 2021-2030 )

TARGET aﬁorestﬂtlon/ restoratlon Addltlonal carbon smk target \Qd‘\ “ﬁ@

interventions over 24 million ha 2.5-3 billion tonnes CO,
through GIM and converging  equivalent by 2030.
schemes (2021-2030). e
Portal: 20-24 million ha by 2030. (Implementatmn report 24 July 2005 g
NOT total national forest cover ~ 2982.34 crore released to 17 States B /74 _
or achieved area. and one UT. —

J
Finance released # area restored # carbon sink achieved. ]

_— —_— ———— R
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[ Agriculture, State plans and adaptation ﬁnance]
(2.3-2.6 Sustainable Agriculture - operational 2014-15 |
ﬁMSA: Ministry of Agriculture and | Climate-resilient crops, including

heat-tolerant varieties; improved
L rainfed productivity; better credit

and insurance.

Soil heatth and farm water management; | - —
Soil Health Cards issued since | Schemes include Per Drop More Crop |
iebruary 2015. . and Rainfed Area Development. |

[State Actuon Plans on Cllmate Change (SAPCCs) ]

[State/ UT plans align with NAPCC; they are not separate national missions. ]
' July 2015: MQI’CI’\ 2022 18 All ust 2025: ‘
' about 27 Stat ' 34 States/UTs,

gt =P 33 States/UTs. -’U’“ plans updated. ‘

[ Assam SAPCC 2.0 covers 2021-2030. ]

[ National Adaptation Fund on Climate Change (NAFCC) |

| By February 2018:
‘ NABARD was appointed | 23 projects sanctioned,

3236.32 crore.
Andhra Pradesh received
one in 2016-17.

Central Sector Scheme,
approved July 2015;
set up 2015-16.

| 350 crore for 2015- 6 |
and 2016-17.

Entlty

National Implementing J

Supports concrete adaptation | Al
projects in particularly W
L vulnerable States/UTs.

[ These are dated scheme records, not a claim about a new 2026 allocation. ]
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Eght in 2008; health added in later reporting }
LQ | _2.7:+Thehe_c_llth distinction ]

Original NAPCC, 2008: Official releases of 2023 ~ National Programme |
EIGHT missions | and 2025: NINE ' on Climate Change and |
£ areas/missions, Human Health (NPCCHH):
1 adding human health. Mmlstry of Health and
Family Welfare; reported
) in all 36 States/UTs.

(@) Original elght missions (2008) and the later addition J

' Eight missions in the original 2008 NAPCC | : Human health added
- —————— v in later reporting
l:-Soltlr ‘ EEhanced l Sthstm:ai)le Water | — :
ner ne abita |
9y Efflcg\%y Reairces : | Human Health
Himalayan Green | ~ Sustainable | [  Strategic :
Ecosystem India Agriculture ‘ Knowledge | .
73 ! for Climate | | | ‘
hange )| |

‘ (included in official
| | reporting of 2023/2025)

(€ Key points from offi cial in mformatlon ]
MoEFCC reply, 24 July 2025: ‘ 2022-2023 releases describe

six of nine focus on adaptation NAPCC as an overarching
and climate resilience of framework for climate actions. d\\ WAPCC

vulnerable communities. July-August 2025 replies

The reply does not name report mission progress,
those six—do not invent without announcing

a six-mission list. - | arevised NAPCC.
(@ Chronology checkpoints ]
2007 2008 2010 201 2014-15 2015 2021 August | 2023/2025
PMCCC first NAPCC habitat energy agriculture NAFCC Catch official

meeting. -) released =) approved. =p ef-f‘mencg =P operational. =P approved. =P the Rmn E 3 upciated =) reporting includes

implemented. human health
gnmc\ di "% VNDC

NAPCC
2008

.,—::ﬂ"-:-:::
llll Ju

@ Exam checks

*

A revised individual mission document

i . Later official list = is not automatically a revised entire NAPCC.
 Original 2008 plan — eight. Nné: Wit héalth Do not confuse NAPCC missions
with NDC target years.
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| India’s climate targets: two different periods |
E2.7) Pate_d_ NDC ?omgoanA_ﬁéETS,Wt achievements |
[ August 2022 update — targets for 2030 |

[ GDP 459,
emissions  45% below the 2005 level. below 2005
. intensity in 2030

| About 50% of cumulative installed
Non-fossil electric-power capacity, supported
sources by technolog? transfer and low-cost

'\ international finance, including
J the Green Climate Fund.

(;Forest / An additional carbon sink of .
2.5-3 billion tonnes CO, equivalent e
by 2030. A

Ltree cover

--.!.a.-_....t.r |1

1
. b
ST et N s 3

[ April 2026 NDC — targets for 2035 (period 2031-2035) |
— ———

em?s?sgns ‘ 47% below the 2005 level.
| intensity |

. | About 60% of cumulative installed
rNOﬂ—fOSSI[ electric-power capacity, supported 4
by technology transfer and low-cost
internationa?finance.

' sources

B |

" Forest/ | Carbon sink of 3.5-4.0 billion tonnes g
tree cover | €O equivalent relative to the 2005 . d’ﬂ
| baseline by 2035. W AN
( Read the measure )
Intensity = emissions [ [nctalled capacity # ||
: pacity # These are TARGETS, not
per unit of GDP, NOT an electricity generated. claims that each has

absolute emissions-cut
pledge. b S ____JI\

Keep the Aungst 2022 tar;egfor 2030 separate from the April 2026 targets for 2035.

Long-term goal:fh_et zero by 2070. m
LiFE: Lifestyle for Environment.

been achieved.
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Heat moves in_three ways

Physics at home connects a device or everyday event to a physical principle.
Start by identifying what moves: energy, light, charge, matter or a wave.

@ CONDUCTION

material.

more uniform.

|' Energy passes through material | [ Energy moves through
without bulk movement of the

A metal pan conducts heat; a __
wooden or suitable plastic handle ‘
reduces heat reaching the hand. |

Copper spreads heat across a pot
base and helps make heating

the metal by conduction.

reduces heat reaching

Wooden or plastic handle ]
the hand (insulator).

)

sea breeze.

@ CONVECTION
Heat is carried by the actual motion | =~ —=p o o
of a liquid or gas. / to sea

By day, land heats faster than the sea.
- : Warm air
Air over land warms and rises; cooler it
air from the sea moves toward land: Cooler air land

At night, land cools faster; air near
the warmer sea rises and cooler air
flows from land to sea: land breeze.

moves from

sea to land P v
" ol

Cooler air
moves from

- nd to sea

9 RADIA‘_I'I_QN _ \ L.ght-mmd e
Energy can travel without a et
| material medium. \\\ X
Light-coloured surfaces generally \ , A
| reflect more incident radiation; Incoming EL
radiation i
| dark surfaces absorb more. o \& \ » 9

This explains the textbook | 3 / ‘N
‘ summer-clothing comparison | l | \

Dark surface
absorbs more
radiation.

" A cool metal obJect feels cold because

energy flows from the warmer hand Warmer | 0 _

into it. There is no substance called =
 cold flowing into the hand.

iaswithdrravi.com
@iaswithdrravi

————— ) L into the cooler metal object.

Energy flows from the warmer hand

hand

Read each examp[e asa process, not just a memorised device name.
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LKeePi"Q heat in; letting heat escapew
@ VACUUM FLASK |
%ren{ features reduce W)

‘ Insulating | /N 1
different modes of heat transfer. Sl T |

Its double wall encloses an @

evacuated space, reducing
Inner vessel
contammg
hot liquid)

Evacuated dgap
(reduces conduction
and convection)

conduction and convection
through that space. Silvered
surfaces reduce transfer by
radiation. The insulating stopper |
also limits heat transfer.

A flask slows heat exchange;

it does not create heat or cold.

| EN
fe EARTHEN POT

| Water evaporates
| Some wa’cer seeps through from surface

Silvered wall
(reduces radiation)

[E) PRESSURE COOKER _J

Increasmg pressure raises water’s boiling
' temperature. Food can therefore cook at a
 higher temperature than in an open pot

Back to index

\ the pot surface and
| P, ﬁ |

' evaporates. Evaporation

| takes energy from the pot ' _— )
and remaining water, " ' ‘
cooling the water inside. R
Sweating cools for the same
reason. Moving air from
a fan helps sweat evuporu’ce |

{ Loss of energy | |

cools the water s the water ||

Higher pressure

'~ at the same location. The key mechanism
is the higher boiling point, not merely a
| thick lid or a hotter flame.

Normal atmospheric
ressure

higher boiling tempera’cureJ

lower boiling temperature

[0 COOKING ON HILLS

Atmcspherlc pressure is lower at high altltude
. Water boils at a lower temperature, so boiling

food can take longer even though the water is
visibly boiling.

— = - e/

Lower
atmospheric pressure
lower boiling
temperature

© COMPARE

[ Flasks reduce heat transfer. |
Matka: encourage evaporative cooling.

Pressure cooker: increase boiling temperature by increasing pressure. J
e e S

iaswithdrravi.com
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[ Mirrors: match shaee to function J

(€ Concave mirror
|

Its reflecting surface curves
inward. A light source at the
| principal focus gives an
| approximately parallel
‘ reflected beam. This is the
school explanation for torches,
searchlights and vehicle

headlights. | Source at F gives a parallel rl'eﬂected beam. ] ‘

@__ Magpnified view v \

A concave mirror gives a larger,
erect, virtual image when the
object is between its pole and
focus. That condition matters

|| for a shaving or dentist’s mirror.
| It does not give an erect

enlarged image at every object =
| [ Tietincd | | Object between P and F gives a larger, erect, virtual Image.]

Object and image positions

Le Convex mirror

Its reflecting surface bulges Virtual
‘ outward. It forms an erect, Obiect diminished
3 i, 3 jec i ‘
virtual and diminished image image
and provides a wider fieldof | || | E ﬁ___'_____
view. That is why the textbook P F |
uses a convex mirror as a
| vehicle rear-view or wing mirror.

| — - —_— ~ Object and image positions

6 Do not swrjtp_ 5 ]

{Concave: conv;éing mirror; p?u;aﬁe—[ beam | Bonvex: viilon had vdn shalor

when source is at focus, or magnified ot
near—_o_bject viewing. ‘I uprignt image.

— —

(@ Ray language )

A solid ray is an actual light path. [ 5 Actual ray . | Reflection changes a
A dotted iackward extension rocates a (solid line) | ray’s direction at a surface.
virtual image; light does not actually || —---- » Backward extension It ': F”J‘ :;h“ i‘;‘meuP;U“SS
travel along that extension behind the mirror. { (dotted line) ‘J "

a lens.

- . - IAS with Dr Ravi A
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L Lenses, vision and power J

€ Lens power

P = ?1- whe]’g focal length f is in metres.

Power is measured in dioptres, symbol D.

A focal length of 1 m corresponds to a power of 1 D.

@ Convex and concave lenses J

| Convex lens |

Thicker at its centre: converging lens.
Under the school sign convention,
focal length and power are positive.

Focal point
(real)

| Concave lens |

Thinner at its centre: diverging lens.
Its focal length and power are negative.

> F: Som # J | -
Focal point :
(virtual) '

€ Myopia (short-sightedness)

)

A short-sighted person sees nearby objects clearly
but distant objects indistinctly.

The uncorrected eye focuses distant light in front
of the retina. A suitable concave lens diverges the
incoming rays so that the eye focuses them on the
retina. The spectacle power is negative.

| Uncorrected eye

[ With correcting concave lens ]

= Focal point
W\ in front of

Retina

" Retina

(4] Hypermetfopia (long-sightedness) ]

A long-sighted person has difficulty seeing nearby | [ With corrcting convex lens |

objects distinctly. " F°E:L£‘:{‘”t

A suitable convex lens helps the eye focus light Hhedron

from a nearby object on the retina.

The spectacle power is positive. Y

Retina = Retina

(@ Illustrative power calculation j

| f=+0.50m gives P=+2D. | f=-0.50m gives P = ~2D.

ML
Metres are essential: do not substitute 50 ¢cm as 50 in P = 1/f.
This is an optics lesson, not a personal spectacle prescription.
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.

Refraction and total internal reflection

|

(€ REFRACTION

Light changes direction when
it crosses between media at an
obligue angle because its speed
changes.

Normal

Normal

(lower optical density)

A partly submerged pencil appears
displaced at the water surface.

A pond bottom appears closer

to the surface than its real
position.

(@ APPARENT DEPTH

—— e — =

]

Light from the underwater object

bends away from the normal as it
leaves water for air. The eye traces
the emerging rays backward in straight
lines, locating an apparent image

above the real object.

\

|
|
: Air
I

|
| | .
Apparent image
(sEa

llower position)

Water
(higher optical density)

Real object
(deeper position)

[9 TOTAL INTERNAL REFLECTION

Two conditions are required: light must
travel from an optically denser medium to

Norlma[ Rarer medium

! (lower optical density)

a rarer medium, and its angle of incidence
must exceed the critical angle. The angle
is measured from the normal, not from
the surface.

< _ Denser medium
Y (higher optical density)
i > critical angle

(@ OPTICAL FIBRE

The core has a higher refractive index
than the cladding. Rays satisfying the
total—internal*reﬁection condition remain
guided by repeated reflections at that

Normal
I

Cladding (lower refractive index) J

i > critical angle
ore
higher refractive index

boundary. The cladding is not a mirror | |
coating.

Cladding (lower refractive index)

(@ DIAMOND

Multiple internal reflections contribute
to its brilliance. Do not identify every
reflection as refraction.

iaswithdrravi.com
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Refraction crosses a boundary
with a transmitted ray.

Total internal reflection sends
the light back into the denser
medium under the stated
conditions.
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| Why sky, stars and rambows look thFeren’tJ
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(€) ATMOSPHERIC REFRACTION

A star is so distant that it behaves Star r  Planet ‘
approximatelg as a point source. (point source) | (extended source)
Changing atmospheric conditions Star Planet

change the path and amount of
starlight reaching the eye, producing
twinkling. A planet is an extended
source; fluctuations from different
arts tend to average out, so planets
generally do not twinkle noticeably.

(@ DISPERSION

White llght contains leFerent colours.

A prism separates them because '
different wavelengths are refracted

by different amounts. Red deviates

less than violet in the usual

glass-prism diagram.

Red i
(least deviation)
White |
light |

Glass prism Violet
(most deviation)

(@ SCATTERING ]

Small particles and molecules scatter shorter-
wavelength blue light more strongly than red light. |
Scattered light makes a clear daytime sky blue. |

Sl g
o o & =2 (inall d.lrectlons)

p |
/.' J / ‘
|

i
Scattered ‘

Sunlight
% blue light light

(white light)

Air molecules
and small particles

\ atmosphere
\/ changes path
\

Changing

Fluctuations
average out

v
‘l
A Lithy

To eye
(does not

twinkle noticeably)

_ |(© RaiNBow ]

Water droplets refract and disperse sunllght
reflect it internally and refract it again as
it emerges. The rainbow is seen in the

* direction opposite the Sun. Keep the Sun

" behind the observer in the schematic;

- do not place the rainbow beside the Sun.

1. Refraction

Sunlight (and dispersion)

(white ng ht)
. %

\ .
Rainbow seen

in this direction

Sun (opposite the Sun) B
——————— _"
Observer
{kee s Sun 3. Refraction  Water droplet ‘
e lnd) (on emergmg)

SUNRISE AND SUNSET T

Light near the horizon travels a longer path
through the atmosphere. More shorter-wavelength
light is scattered away, so transmitted sunlight

looks reddish. ~ ~- Sun high
e ut (short pa.‘ch)

Sun near horizon
(longer pu.fth)l

(@ RED SIGNALS

NCERT explains that red is scattered less (leieicgﬂtmd)‘( ! : < Signal
than shorter visible wavelengths by fog or smoke. halx: \ e LN / seen more
Refraction, dispersion and scattering are {mmm;c;%tmd) ; P \ -\ ~ clearly

different processes.

iaswithdrravi.com
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| Current produces heat; energy earns a bilq

(0 JOULE HEATING | H =I*Rt

| Heat produced depend.s Seed Current T
‘ ﬂxe R, t)

on the square of current I,
resistance R and time t.
With R and t fixed,
doubling the current

Doubling

¢ di
produces four times fﬂﬂi E::ess
t the heat. the heat.

the current

Current 2I
(flxed R, 1)

vy

Heat = 4H

[9 EVERYDAY USES

An e[ectrlc iron, toaster, oven,

kettle and heater use the heating
effect of current. The resistance
element becomes hot and transfers

energy ot surroundmgs Toaster Oven Kettle Heater
[9 FILAMENT BULB B i i ]
'. 7Tungs7te7n tolerates very High Ed
temperatures; NCERT gives its Electricgl Light
melting point as 3380°C. energy in

A hot filament emits light, but

‘ much of its input energy becomes
heat. Bright glow is not proof that
most energy becomes visible [lght

Nt i L

(@ POWER IS A RATE

| The watt and kilowatt measure Al
power. Energy depends on both ‘

‘ power and operating time:

| energy = power x time.

Power

(watt kllowatt =»X

(second, hour)
W si=21" kW x h = kwh

energy powerxtlme Rt J

Energy .
* "‘ (Jor kWh

[6 "ONE ELECTRICITY UNIT_

| 1 kWh = 1000 J/s x 3600 s
= 3.6 x 108 J.

A i‘::ﬂa;cf:: Pypwd | f 1 kWh = 1000 J/s x 3600 s ‘ |
=36 x 106J

[0 WORKED COMPARISON 2 kW heater for half an hour ‘

(g |<W heater use.d. for half an hour
consumes 1 kWh. A 100 W lamp used
for ten hours also consumes 1 kWh.
Equal energy does not mean equal power.

100w lamp for ten hours ﬂ

| Do not call kWh a unit of power.

iaswithdrravi.com
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r Household circuits and three kinds of rotectlon J

Fo PARALLEL CIRCUITS ]

Household appllances are 1 L(lff
connected in parallel so each £ I
branch receives the same I Switch Switch
potential difference and can be ‘ Sonpl

: upply
controlled independently. | (AC mains) .
A series break would interrupt l Lamp =
the single path through Neutral
everg component . (N)

l: L A8y

@ TEXTBOOK SUPPLY B L

The NCERT domeshc-arcult exo.mple gives 220 V, 50 Hz red lwe black neutral and green earth
it distinguishes 5 A and 15 A circuits. These are textbook labels, not a universal present-day
wiring lfentlﬂcatlon guide. Actual installation standards and appliance ratings must be followed |
by a quallfled electrician.

@ FsE. j

A correctly mted fuse is placed | | Fuse (melting element) | Element melts,
in series in the protected circuit. P eyt circuit breaks.
Excess current heats and melts | Cu?;e“t C“gﬁ"t

its element, breaking the circuit. ——P=H$g-——-—) =H:kg—
It must be replaced with the

specified type and rating,

L hever arbitrary wire.

Excess current
heats and melts
‘| the element.

@liveE T ¥ ]

— e —

{ N e o ‘ u’linia’ﬂie  circuit breaker ([‘AC_@ fﬁ;ﬁsixﬁ %';m'l t
automatically opens when the contacts.
| excessive current occurs.

out '
Unlike a melted fuse, it can be e 16—=0F— f@

Cu.rrent Current

l

reset after the fault has been Contacts closed Can be reset after
Ldealt with. | (normal operation) the fault has been dealt with.
(@ RCCB / RCD _ RCCB / RCD (residual-current protection) |
{ Residual-current protectmn 7 Outﬁ“'t“% —> — If Logt # Lretum
detects current imbalance that | e Cgmparator (Rlz%lgge)
can indicate leakage. An RCCB | Relim emige s gntis g
does not itself provide \ A
overload/short-circuit protection. ' | ( ¥ ATy :
An RCBO combines residual-current __ RCBO Heombingth ptertigh)
La and overcurrent protection. An RCBO combines residual-current and overcurrent protection.

F@ SHORT CIRCUIT # OVERLOAD )

| [ Short circuit =
Live-neutral contact can create

| a very large current. %
S i 1E e Vel

[_ Overloa.d
TUCI mﬂﬂB lnnds can DUErEﬂﬂd
a cm:ult w1thcut that contact.
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f Magnetlsm. a bell and an mductlon pan l
[0 ELECTROMAGNET )

" A current- carrying coil around a soft-iron core can act as a magnet. Switching ]
| the current off removes most of its magnetlsm makmg it useful for repeated swutchmg

@ ELECTRIC BELL CYCLE E
' 1 Current flows 2 Electromagnet | 3 Hammer 4 The contact | 5 The spru%% | 6 Current

attracts the | strikes the opens and restores flows again
coal iron armature gong interrupts current armature and contact
OPEN CLOSED
ore
[ i Repetition produces repeated strikes. ]

‘r. The bell uses the magnétlc effect of current. Its make-and-break mechanism is essential; \l

~a permanently closed contact would not explain repeated striking.

(9 INDUCTION COOKTOP E _ BT

heat into contents )

t 1 f Alternating current in a coil below
the cooking surface produces a
c:_> ) c

'(r:z‘ﬂj:dc‘f;‘{;ﬁi changing magnetic field. This induces
ﬁ‘m-ﬂw * in pan base | circulating currents in suitable

..!.{.!.-!.,..;‘. cookware; electrical resistance

45 43.39) «— changing

= magnehc field |

causes heating in the cookware itself.

suitable
cookware —
(pan)

glass surface

coil (AC current)

=

:

_The_pan must be compatible with the induction hob. )

@ COOKWARE MATTERS

surface can

become hot T - Do not assume every metal pot works on every

fﬁi;ln t«}:lonﬁact : induction plate. The surface can become hot from

W e&: pan contact with the heated pan even though the pan

b | is heated electromagnetically. ARSI

(@ COMPARE THE PROCESSES i )

e 5 magnetic movement and
[_Be[[. J { _current _J g attrgaction '_’{ contact switching. ]

ol Wity | : ' hangi ~induced current

Tndctn: || gyt | | g, | [ rd et

l, Both use electromagnetlsm but nelther is explamed by sunplg saging that a magnet makes heat ]

L X
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| Inertia, reaction and friction |

(@ INERTIA )
Without a net external force, a body _Vehile accelerates fﬂ_an [ o Vehicle_ﬁes __1
remains at rest or continues in uniform Vehitle docelartes forward Vikidde dives it
straight-line motion. Mass measures i
inertia. When a vehicle accelerates — -
forward, the upper body tends to — . ! — [ —
retain its former state; when it brakes, 5 O
the body tends to continue moving Block tends to retain Block tends to continue

forward. its former state moving forward
= (tends to stay at rest) ‘ (tends to keep moving)

(@ SEAT BELT

A belt supplies a restraining force
that slows the occupant with the

vehicle. It does not remove inertia. _the vehicle. |

(€© ACTION-REACTION T

Intemcting bodies exert equa] and Force on boat E“qua_la;&@o;ite Recail Far.c:.e_qn gun Equal and op_pnsilt{
. (by person) force on person (by projectile force on projectile
opposite forces on each other. A boat (by boat) (by gun)
moves backward as a person pushes it < > . =
while jumping forward. A gun recoils g [ 3 ti
while exerting a forward force on the o /" Person
projectile gty (Phes on buct)

=

(@ WHY THEY DO NOT CANCEL ON ONE BODY
= — These two forces act on

The paired forces act on different bodies. Never put both arrows Qe

on the same body's force diagram and call them an action-reaction
pair.

[6 FR'CTION [ Sliding block :RO'% contact (ball bearing) J

The belt exerts a | \J
restraining force

that slows the

occupant with

R S

— &=
Projectile

the same body.

It opposes relative slipping or the Tendency Tendency
tendency to slip at contact. It helps I_ bo slip right Rty
walking and braking, but can wear — s

" hriction
~ (suually smaller)

(@ THE AREA QUALIFIER —r e

machine parts and dissipate energy.  * Friction

In the elementary dry-friction model, limiting/sliding friction is
approximately independent of apparent contact area when surface ==t 1 = =11 _

e

properties and normal load are unchanged. This is not a universal ~ Friction = uN Friction = puN
law for every material or contact. (same surface, same N)  (same surface, same N)
[ Lubrication and rolling contacts, such as ball bearings, can reduce friction. J
iaswithdrravi.com IAS with Dr Ravi App
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[ Pressure, flotation and falling bodies \

(€ PRESSURE

Pressure = perpendicular
force / area.

For the same force, a smaller
contact area produces greater
pressure. A sharp knife concentrates
force on a narrow edge. Broad
school-bag straps spread the load
over a larger area and reduce
pressure on the shoulder.

Small contact area
— greater pressure

Same force

Same force

Large contact area
—> smaller pressure

|

(@ ATMOSPHERIC PRESSURE

Pressing a rubber suction cup against
a smooth surface reduces the air
beneath it. Higher external pressure
helps hold it against the surface;

Higher pressure

Higher pressure
outside

outside

Lower pressure

it is not a mysterious attractive glue.

(@ ARCHIMEDES' PRINCIPLE

A body immersed in fluid experiences
upthrust equal to the weight of fluid
displaced. Ships, submarines and
lactometers use buoyancy.

A freely floating body is in balance:
upthrust equals its weight.

A cork floats on water; an iron nail sinks.

L

under cup
Upthrust e -

(equal to wei%nt
of fluid displaced)

aw—

Weight

@) FREE FALL

At the same place, ignoring air resistance,
bodies released together have the same
gravitational acce?emtion regardless of mass.
Near Earth’s surface, g is about 9.8 m/s’.
Air resistance changes the motion in air;

a falling body can approach terminal speed
when drag balances weight.

|
7 | ’ %

Same ' Same
gravitational ~( / gravitational
acceleration \l } acceleration

(9) 73 (9)

(@ MOON DEMONSTRATION
NASA records the Apollo 15 hammer-feather

drop in 1971: they reached the lunar surface I

together in the near-vacuum. The equal-
acceleration principle applies there;
Earth’s numerical g does not.
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[ Sound, reflection and the echo distance }

(€@ SOUND NEEDS MATTER

Sound is a mechanical wave and cannot
propagate through a vacuum. The Moon's
negligible atmosphere cannot carry ordinary
speech from one unconnected observer to
another; radio is electromagnetic
communication, not sound travelling
through lunar air.

The Moon's neghglble |
atmosphere cannot carry
ordinary speech from one
| |_unconnected observer to another.

Bell jar (vacuum) [
Bell vibrates, but |

no sound is transmitted
through vacuum.

(@ SPEED DEPENDS ON THE MEDIUM AND CONDITIONS )

(Th; older NCERT chapter gives air values b

of 331 m/s at 0°C and 344 m/s at 22°C.

The source pack also lists NIOS examples
of about 1520 m/s in water and 5200 m/s

Air Air Water | Steel
0°C 22°C

about about

in steel. Do not treat one value as universal | = 334 | 344
 for every temperature or material. s W (1520m/s | (E200ms
@ ECHO Vertical wall ]
(reflector)
A distinct echo » requires a sufficient W d (to wall) = |
gap between the original and reflected @) < i
sounds; the school model uses at least d (back to source) 8 © At least |

0.1 s. Sound travels to the reflector
and back, so 2d = vt.
i o

Source

0.1s for
a distinct echo.

| 2d=vt |

a

¢d WORKED EXAMPLE

{A’c v=344m/sand t = 0.1 s:
total travel = 34.4 m:
reflector distance d = 34.4/2 = 17.2 m
The 17.2 m value changes if the
sound speed changes.

v=2344m/s t=0.15 ﬂ
vt = 344x0.1 = 344 m

= 344/2=172m

(@ MULTIPLE REFLECTION

A stethoscope guldes sound toward
the ears through its tubing.

Sound from bodg
toward stethoscope

Sound guided through
tubing toward ears

(@ HEARING RANGE

{The usual school range for a healthy |
young human is approximately .
20 Hz to 20,000 Hz. Frequency is |

| not the same quantity as speed.

iaswithdrravi.com
@iaswithdrravi

Day 22 | 217.12 | Revision pictographs
DAY 22 | Page 89 of 125

Concept illustrations are schematic; not historical reconstructions.

IAS with Dr Ravi | Cumulative subject collection

)) Approximately 20 Hz to 20,000 Hz W
)))

>

20 Hz 20,000 Hz

Frequency is not the same quantity as speed.

IAS with Dr Ravi App

271



DAY 22 | TOPIC 217 | VISUAL 13 Back to index

m IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

APPSC GROUP 1| 1,000 TOPICS IN 100 DAYS
DAY 22 | TOPIC 217 | Science | Item 18 | 217.13

[ Safe reasoning: do not swap the mechanism ]
HET'D .Energy flows
A cold object does not send cold F;g"éo":gr ¥

into the hand: energy flows from
warmer to cooler.

A flask reduces transfer; a matka
cools by evaporation.

A pressure cooker |

; 5 A flask ; i
A pressure cooker raises the boiling ot aolls b "f;ﬁfsetﬁuﬁ*w;g ‘
- temperature by raising pressure. transfer. evaporation. | raising pressure. |

LiGAT) \
Myopia: H etropia:
LIGHT ; COI’IC??:‘EITGHS %gﬁ\rr?x lg:'llil

A vehicle wing mirror is convex, not concave. (negative power) | - (positive power)

Myopia uses a suitable concave lens with
=5
| Refraction, total internal

negative power; hypermetropia uses a suitable
convex lens with positive power. A vohicidd
: . ] ; : V VenICle wing reflection, dispersion
Refraction, total internal reflection, dispersion | mirror is convex, bk ot ]
and scattering are not interchangeable labels. not concave. | interchangeable labels.
S

" ELECTRICITY | |

A fuse/MCB protects against
excessive current.
Residual-current protection detects

imbalance; a combined RCBO provides K R |
both functions. Residual-current protection | Eqrthing ai
rth fault t
g gl currt vt ASSSND | I s g o,
path qnd supports protective-device exBessive cirsnt. a combined RCBO protective-device operation;
operation; it does not make every touch safe. . provides both functions. | it does not make every touch safe.
L L. = S b

Never replace a fuse with arbitrary wire.
Do not overload sockets.

Do not operate electrical equipment T »
with wet hands or while standing on a wet floor. Wetal betlied applignces

Metal-bodied appliances that require protective | Never replace ' Donot oo opeate iﬁﬁhﬁﬁqu:;ﬁsﬂrﬁifiﬁe
. ; a fuse with bad electrical equipment 9 o
earthing must have it. overloa with wet hands or | Follow appliance ratings

Follow appliance ratings and installation rules; arbitrary wire. | sockets. while standing on | nd. installation rules;
electrical faults require a qualified person. a wet floor. gedicajods rotle
" q q ' ¢ a qualified person.

S = - == =
EM?T§0N | iy
qual ana opposite action-reaction «.Q e /-
forces act on different bodies. E B S =y J

Air resistance, not greater mass alone, | .
: A 7 e Air resistance, not greater mass alone,
explains familiar unequal falls in air. | Equal and opposite forces act on different bodies. explains familiar ugeqml falls i air:

UNITS " Power (kW) |  Energy (kWh) |
Watt or kilowatt: power. =
Kilowatt hour: enefgg. Q kW% kWh i | ‘

For numerical work, carry the units

through every step and identify the = kW = rate of energy transfer kWh = total energy transferred
quantity actually requested. ‘ (how fast) over a time (how much)
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 Resources, reserves and potential are not the same

(What do theg_mean?

Resource: total naturally
occurring quantity that
may be useful in future.

Reserve: part of the
resource that is known
with reasonable certainty

to be economically and
‘ technically recoverable
with current technology.

| Potential: theoretical
capacitF or possibility

(e.g. solar or wind) that
may be harnessed in future. |

Coal: geological resources

The Ministry of Coal counts coal
as geological resources, in three
classes by how well they have
been explored: measured,
indicated and inferred.

Its count covers seams
0.90 m thick and more,
down to a depth of 1,200 m.

( Petroleum: estimated reserves|

The petroleum figures that

MoSPI (the Ministry of Statistics
and Programme Implementation)
publishes are estimated reserves.

The Ministry of Petroleum
and Natural Gas (MoPNG)

sometimes speaks of
“reserves and resources”
together.

b >

((Coal resource classification (by level of exploration) ] (Petroleum: reserves in a reservoir

_Exploration-confidence classes—not depth layers |

Seams
0.90 m

thick and more - 7|’

Measured Indicated
Well explored. Moderately explored.
Higher level of Reasonable level

certainty about

: of certainty.
quantity and quality.

| Inferred |

Less explored.

Lower level of certainty.
May become measured
or indicated with
further exploration.

@I{gﬂe_rggz_ potential and installed capacitg_] ( ~ Same term, diffef;nt_m—e_aﬁings o

1

- Potential Installed capacity | | Aspect .5 Coal _ Petreleum_ g S°l“f
O theoretical capacity capacity actually What i reverted | Geological ‘ Ei;:‘f:: P°?:*'°l
that can be harnessed | set up and [ € ¢ il ha  (MoSPI) installed capacity
| in future. ready to generate. | | = e !
(Units: MW) (Units: MW) | Classes / i Hzesu{:j» (Sometimes Potential
< g J | categories | N forred | discussed wii:th ) ':siled
> | resources Instal
=\ . silas ' | MoPNG) *
‘ L MMT
MT il
SSNERASAY Units used o | (glr) MW
g/ < | ommT BCM
e e 0 | (natural gas) | i

L So, a figure must always be read with its label, its date and the body that gives it. ___j

iaswithdrravi.com
@iaswithdrravi
Day 23 | Topic 226 | Teaching visual 1 | Page 44 of 88

IAS with Dr Ravi App




I

IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

APPSC GROUP 1 | 1,000 TOPICS IN 100 DAYS
DAY 23 | TOPIC 226 | 226.02

[ Coal and lignite: read the resource label 3

|(Who.i: are coal and ligniie?

=

Coal is a combustible geological

— ~
| Classification of coal resources
Coal geological resources are classified as:

|
|

resource formed from ancient High level of geological confidence
| plant remains over millions of ki !i‘;“kmk) Measured | ;/ quantity ang quality.
' years. Lignite is a lower-rank 3 r R TR
brown coal with lower carbon % dicatetgy o0 e 07 0096
- content and higher moisture _ g 4
' than higher-rank coals. T Lower level of geological confidence
: (10';:3:' If:nk) L Inferred based on limited information. |

(How coal is formed?

Younger
rock layers

Coal seam

Coal seam _
Older —
tck layers el
:|_LJ_,.',.--— P
( Coking coal and steel making
. Coking coal has special properties and is used in steel
production. >

Coking coal St i

Gondwana coal dominat
Most of India’s coal resources are Gondwana coals,
which form the major share of the country's coal.

Gondwana coal
(dominant in India)

(" Coal resource estimate (MoSP!)

As per MoSPI Energy Statistics India 2025,
India's coal resources are 3,89,421 MT
(as on 1 April 2024).

Singareni Collieries

Coal in Telangana is mined by

: SCCL is owned by
: =3 Government of Telangana (51%)
L = _ = | La_nd Government of India (49%).

= =
Company Limited (SCCL) |

Singareni Collieries Company Limited (SCC

s Y,
State highlights
R ---% — =
| S R Odisha leads |
' WA coal resources |
in India. |
.___ —
Tamil Nadu
| leads lignite
8 resources
products | in India.
| Coal and lignite:
| rank comparison
L). (i Coal Lignite
e ‘ Feature (higher rank) | (lower rank)
iy Colour Black Bro_wn_ |
cc:r:tll.::‘. Higher Lower
Sl-?s%;;e"i ::‘:‘i:::tm Lower Higher
Telangana,
not E:E,i Higher Lower
Andhra Pradesh.| | | -

ﬁl;om resource to power: potential vs installed capacity

‘ St power p ricity supply
F:::::E:f) ]* LM'"'"Q and supply }4[ (installed capacity) -é for development
e

)
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il and gas: offshore is a separate category |

[Estimated reserves of crude oil and natural gas (MoSPI, Energy Statistics India 2025, as on 1 April 2024)]

-~

~

coastal State's onshore

Offshore platform

reserves. Ji

= (Western Offshore and Eastern Offshore) = =

Onshore well
(e.g. Gujarat onshore, '

Western Offshore

Western Offshore

Region or State C{’Lﬁzﬁll Share Na?é'ala;’as Share
Western Offshore 213.26 31.76% 342.29 31.28%
Assam 145.41 21.66% 164.51 15.03%
Rajasthan 131.50 19.59% 63.55 5.81%
Gujarat (onshore) 118.86 17.70% 55.46 5.07%
Eastern Offshore 40.67 6.06% 263.34 24.07%

| Tamil Nadu 8.54 1.27% 36.57 3.34%
Andhra Pradesh 7.69 1.15% 59.27 5.42%
(%);i g:;af‘ﬁgrﬁmdesh, Tharkhand) v 3 73.61 6.73%

| All India 671.40 100% 1,094.19 100%
(Offshore is a separate category) [ Largest estimated reserves)
Offshore reserves are counted Crude oil | @ Natural gas
separately. Do not add them to bl - i 3

second place

213.26 MMT 342.29 BCM
| (31.76%) (31.28%)
P | (Second place differs )
' Crude oil 22 Natural gas

second place

' Rajasthan, Assam)

( Coal-bed r:et_ham (CB;W) is listed separately |

MoSPI lists CBM under three coal-bearing States.
West Bengal has the largest share, about 60% of CBM.

O | Stte Gas (BCM) | Share of CBM
West Bengal 44.37 60.3%
RO i poici | 28 |
¥ Jharkhand 4.86 6.6%
# Total (CBM) | 73.61 100%

iaswithdrravi.com
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AR 1 Assam Eastern Offshore
1 145.41 MMT ] 263.34 BCM
1 (21.66%) (24.07%)
- — \
Other estimated reserves | ( Falling output of crude oil]
Other crude oil reserves are |

in Arunachal Pradesh,
Nagaland, Tripura and
West Bengal.

The rest of the gas is in

34.2
Arunachal Pradesh, ‘
Nagaland and Tripura. MMT EHBM:I*'
Tripura alone has
28.18 BCM of gas.
West Bengal's conventional
row is zero; all its gas is
coal-bed methane. 2018-19 2024-25

Domestic crude oil production
fell from 34.2 MMT in 2018-19
to 28.4 MMT in 2024-25

(a Standing Committee

of Parliament, as PRS gives it).
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[ Uranium and monazite: Andhra Pradesh relevance

® Uranium is a naturally 4
occurring chemical element &
used in nuclear fuel.

® Atomic Minerals

~\

Directorate (AMD) had
established 4,23,222 tonnes
of uranium oxide (U;0g)

in the ground, in 47 deposits,
as on June 2024
(reply in the Lok Sabha,  —
31 July 2024).

=
(State-wise uranium resources (as on June 2024))
[ Share
State U303 (tormes) (worke d Out)
Andhra Pradesh 2,52,220 59.6 per cent
Uranium ore Jharkhand 98,967 23.4 per cent
Meghalaya 23,268 5.5 per cent
Telangana 18,550 4.4 per cent
| Rajasthan 16,531 3.9 per cent |
4 G
U;0s: The YSR Tummalapalle group in Andhra Pradesh
resource quantity holds 2,49,459 tonnes, the largest single deposit
reported as uranium in the list =
oxide ) L 7 i - ‘fd r

.[Momzite and thorium

® Thorium is found in the mineral 4
monazite, a mineral of the rare
earths and thorium.

® The AMD has established -
13.07 MT of monazite in the ground ¢
(reply in the Lok Sabha,
9 August 2023).

It occurs in coastal beach sands

in parts of Kerala, Tamil Nadu, Odisha, |~
'| Andhra Pradesh, Maharashtra and Gujarat,

and inland in parts of Jharkhand,

West Bengal and Tamil Nadu.

Monazite.
(sand grains)
i

, p—

> R Tumma.lale g i
: (Andhra Pradesh) :

e =

Eigniﬁcance for Andhra Pradeshj

® Andhra Pradesh has 2,52,220 tonnes
of U303, about 59.6 per cent of
the country'’s established resources.

® The YSR Tummalapalle group
(2,49,459 tonmes) is the largest
single uranium deposit.

® Andhra Pradesh also has coastal

beach sands with monazite, an
important source of thorium. g

e z

=

| = -—m . = w
b
Uranium and monazite resources: different materials and units
) ' L eriats ana ur

Uranium resources

4,23,222 tonnes of U304,
ST as on June 2024

Limited uranium resources
g3 underpin the rationale for
India’s three-stage

] Different materials ]
compare these numbers

the same substance.
&

( Monazite resources )
13.07 million tonnes (MT),
asreported 9 August 2023. &
Monazite contains thorium; 99
resource quantity is not ;

and units—never

as if they measure

nuclear programme.

fs

) L the amount of thorium

alone.

— - -
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__Potential is not installed capacity |

Potential means the total feasible ]I Renewable and hydro potentla[ (MOSPI) \

resource estimated using studies, Potentiall B Potennal T
| not the amount of power already 31 March 2024 | 31 March 2025

r EEEE e, |

Source
" installed or generating now. [ ___(E“fggf;szt;;?;‘cs (Ener 3}3; g%“ztgs;"“_!
I Solar 7,48,990 MW 33,43 378 MW
w'"‘:‘t“t 150m | 1163,856 MW | 11,63,856 MW
height . !
Large hydro 1,33,410 MW l 1 33,410 MW

Tohxl, all sources L 21,09,655 MW 4? 04,043 MW Jj

( 2025 edltlon‘ wind is the l.argest \( 2026 edition: solar dominates ]

Wind _ 11,63,856 MW Solar 33,43,378 MW

Solar 7,48,990 MW Wind 11,63,856 MW ‘
I
ki H i In the 2025 edition g hydo I 133410 MW (1 edition,
wind was the largesé thi Sfflag ﬁg“rf P fg"r =
Total: 21,09,655 MW e laboll55 s ) Total: 47,04,043 MW :om? ml:;nsejp :;3:{,7?:“ L

Selected sources; to_tal also includes other sources. A8 Selected sources; total also includes other sources.

' Solar potential revised by new | State with highest potential Geothermal potential )

L

assessment in 2025 edition ;

: . Geothermal potential |
New assessment by the National Rajasthan leads in both is about 10.600 MW |
Institute of Solar Energy (NISE), ‘ solar and wind. (PIB, 13 i 2026)
an autonomous institute of the ' Arunachal Pradesh leads . I '
MNRE: about 3,343 GWp of in large hydro ;

ground-mounted solar potential,
a.?ainst the earlier estimate |
of 2014 of 749 GWp

(PIB, 23 September 2025).

(50,394 MW).

————— T [ nalled ca acity

Potential Actual installed nameplate
Total feasible resource capacity to generate

estimated through studies ‘ # electricity a Eomt of time.
t

eg. 7,48,990 MW (Solar in 2024) It is a part of the potential
33 43,378 MW (Solar in 2025) and is generally much smaller
11,63,856 MW (Wmd than the total potential.

Actual generation depends
1,33,410 MW (Large hydro) ) on utlils%.tlon and conﬁltlans

=/

iaswithdrravi.com IAS with Dr Ravi App
@iaswithdrravi
Day 23 | Topic 226 | Teaching visual 5 | Page 48 of 88




AIM. PREPARE. ACHIEVE

]Il[ IAS WITH DR RAVI

APPSC GROUP 1 | 1,000 TOPICS IN 100 DAYS
DAY 23 | TOPIC 226 | 226.06

(Import dependence: compare like with like

2.6 How far India depends on imports
The dependence differs across fuels. Always note the year and source
along with the figure. )

] i_ Natural gas

46 per cent of the
gas consumed was
imported, up from _§
28 per cent in 2011-12. o

— ‘
2023-24 o v |
(PPAC data, - 46%
as PRS gives it). 2011-12 2023-24 |

([ o

India imports close to
88.5 per cent of the

crude oil it consumes. !

on PIB, 5 July 2026
(no year stated).

- R

Coal Coal for thermal power plan
| for thermal power plants

Imports fell by 7.9 per cent, AMESEARYE Imports fell from 62.5 MT to
from 264.53 MT to 243.62 MT, \Simwrms : 45.4 MT, about 27.4 per cent.

while production was
2024-25 to 2025-26
1,047.52 MT. [{PIB. 13 August 2026).}

2024-25
(Ministry of Coal, PIB,
27 May 2025; Annual
Report 2025-26).

MoPNG document \I

264.53 MT 243.62 MT \
imports\J B Limports

7.9% fall

about 27.4% fall

{ Coking coal |

1,047.52 MT The Ministry of Coal says coking coal
roduction and high-grade thermal coal are in :

P short supply within the country's reserves. &g

\ e ) k[_Ministrg of Coal, PIB, 27 May 2025. )

[ Suppliers of crude oil |

In 2023-24 the top three suppliers
of oil to India were Russia, Iraq
and Saudi Arabia.

LMinistrg of Commerce data, ]

PR

| r[Cokimg, coal share in resources | _

Coal is the opposite case to oil:
most of it is mined at home, and
its imports are falling. The gap is
in coking coal, which is only about
9.4 per cent of the Gondwana resources.

9.4%

of Gondwana
resources

(coking coal)

as PRS gives it (2023-24).

b

P - ; —E)
2.8 Why import dependence matters g
The import bill || The current account ( Higher °i:"""°'t bl
Crude oil makes up o | Petroleum, oil and lubricants (POL) Wik merhaniie
85 per cent of India’s _ 1 of Tndia's | || @re counted under goods in the L trade deficit J
petroleum imports petroleum | || current account. A larger oil bill T
by value. : imports | | = widens the merchandise trade
PPAC data, = == | (by value) | || deficit and so puts pressure Pressure on
as PRS gives it. - _— | on the current account. current account
(" @ PPAC i the Petroleum Planning and Analysis Cel of the MoPNG. g T
@ The crude oil figures differ by period and by source. A PRS note also cites a Standing Committee report of
December 2023 that put crude oil import dependence at ab(E 85 per cent.
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| Strategic reserves: capacity is not stored stock |

|

(Strateglc petroleum reserves are
’ underground storage caverns that
hold crude oil to improve energy .
security and provide a buffer _ o g
during supply disruptions. ek

Capacity is the maximum amount
that can be stored.

Stored stock is the actual T2z =01
quantity of crude oil BT ;e

present in the caverns
at a given time.

J | Total
capacity

( Strateglc petroleum reserve facilities in Indla )
( Capacit B
FIICIllty (MMT oI:" cru(?e oil) : Status S AT _J
_ Visakhapatnam 1.38 | Built |
Mangaluru 1.5 | Built
Padur 2.5 Built
: Built through Indian Strategic
Total built 5.33 Petroleum Reserves Limited (ISPRL),
a special purpose vehicle.

| Chandikhol (Odisha) 4 Approved in Julc? 2021, on the public-private
, partnership model.
I - 2 Z

SPadt::i (:c(;c:[:gaka)’ 2.5 Approved in July 2021, on the same model.
Built, stored and approved capacit
pactty
Built facilities (3) [ Actual stock in March 2025 W Approved additional facilities
Total capacity I Caverns held Total approved capacity
5 33 MMT 3.52 MMT ! 6.5 MMT
- = e _of crude oil. gl I

Unfilled
capacity
(1.81 MMT)

Stored stock 1 P
3.52 MMT 4| Chandikhol

Visakhapatnam 88| Mangaluru [

1 33 MMT 1.5 MMT (gﬁsmh%)
Built capacity Stored in March 2025 Approved additional capacity
5.33 MMT 3.52 MMT (July 2021)
i (less than capacity) 6.5 MMT
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(Reducing dependence needs several rou’cesj

1. Ethanol blending |

1[2 Compressed buogas (CBG)] ks

e Ethanol in petrol rose from ® SATAT scheme i |
less than 1.5 per cent (Octaber 2018). y - N @R’
‘ in 2013-14 to 20 per cent e GOBARdhan,
in 2025-26. the National Circular & | -
, Bioenergy Scheme, < W [ONL
[REE. 5 Juy 2026). approved on 6 August 2026 N g 1 M
with ¥23,731 crore for 2026—27 e 8 WY
— to 2035-36. e
L 3 S ‘T (PIB, 13 August 2026).  ~ = SEESaEST
Measures to /
[3. Coal gasiﬁca’cion] reduce [5 Mor: explorahon]
o A target of 100 MT of coal dependence at home
and lignite gasified by 2030. ® “Samudra Manthan”,

. National Green Exploration Programme,

Hydrogen Mission approved on 31 July 2026
with ¥84,084 crore.

® 319,744 crore, ' (PIB, 13 August 2026).
approved in January 2023. &

e A scheme of ¥37,500 crore | 4
approved in May 2026. ‘

(PIB, 13 August 2026).

: ~] "'| the National Offshore

e Target: 5 MMT of green
hydrogen production
-‘ per year by 2030.

( Multiple routes strengthen energy security )

| U > i S

| ronewable and Convert } ( Explore ) (Br‘oader fuel mix | | Stg""ﬂ""'
alternative fuels domestic resources e -9 reduces import = " .lf""'t’e
(Ethanol, CBG, (Coal gamﬂcatlon) at home dependence - e:em l:e" it
Green Hgdrogen) L Offshore) | energy security

iaswithdrravi.com
@iaswithdrravi
Day 23 | Topic 226 | Teaching visual 8 | Page 51 of 88




I

APPSC GROUP 1 | 1,0
DAY 23 | TOP

IAS WITH

AIM. PREPARE. ACHIEVE

DR RAVI

00 TOPICS IN 100 DAYS
IC 226 | 226.09

( Andhra Pradesh: - gas, atomic minerals and a reserve

@nergy and mmeral resources of Andhra Pradesh )
~ Resource ~ Where T Figure and date | What to remember
Oll aml gas e The offshore part of the
of the KG basin The Krishna and Estim:itega);ihure e basin is counfed in the
' Godavari river basins, P ' ’ Eastern Offshore
" | onshore and offshore. 7.69 MMT of crude il (263.34 BCM of ga
5 and 59.27 BCM of gas. not in the Andhra %mdesh

row.

Operated by
Reliance Industries.

Its first discoveries were

Dhirubhai-1, 2 and 3.

The largest single deposit '
in the DAE’s lls? |
Andhra Pradesh holds

12,52,220 tonnes in all.

Andhra Pradesh is one oF
six States with coastal
monazite.

Deep water of the
| KG basin.

2,49,459 tonnes
O'F U308
(June 2024).

YSR Tummalapalle
group.

Part of India’s
13.07 MT
(2023 reply).

Coastal beach sands.

Capacity:
1.33 MMT

The smallest of the three

| Visakhapatnam.
| built facilities.

"Compare Andhra Pradesh s resource categones carefully

=
4
)

Onshore natural gas W Onshore crude oil (Coal
(BCM, 1 April 2024? | (MMT, 1 April 2024)
59.27 Andhea,Prodeshd)| 118.86 [ Andhra Pradesh
; ndhra Pradesh’s : ndhra Pradesh’s . . oS .
[ 3546 | chore gas ‘ onshore crude oil §mgarem Collieries is
fSQ'Z?tECM) is || (7.69 MMT) is in Telangana, not
arger than || 7.69 much smaller
i _ Gujarat’s | a - ‘H’I an Gujamt's An‘ihrﬁ PradeSh.
Andhra Gujarat (55.46 BCM). || Andhra  Gujarat (118.86 MMT).
Pradesh  (onshore) {| Pradesh (onshore) ——
W= S = =
Key points to remember )
e ﬁ FA T ——\ ‘\7
{ Andhra Pradesh | Andhra Pradesh : '
is strong in gas | is weak in'coal, | | It has major atomu: -
| and in atomic | minerals — uranium :i h;’; OEEhogz ;r:l ::j gas ‘
minerals. (YSR Turmalapalle) strategic petroleum reserve |
L J J and monazite (thorium). at Visakhapatnam. J
e e 2 e

—
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Chandrayaan-1: an orbiting observatory |
(Launch) ”

| @ 22 October 2008, by ® Chandrayaan-1 worked from an orbit
| PSLV-C11. 100 km above the lunar surface.

. @ Launched from the e In May 2009, the orbit was raised
Satish Dhawan Space to 200 km (ISRO).

Chandrayaan-1
Centre (SDSC) SHAR, e 4 £ ber
Sriharikota. W O e orblt XY
# P
o Lolnehmass: i 100 km altntude
1,380 kg.

\
|
I

I
e Planned mission life: ) Raised orbit:
two years (ISRO). ; 2?’9 km altitude

~ Orbit and spacecraft diagrams
schematic; not to scale.

(Chandragaan-l orblter] o Carried 11 scientific instruments (payloads) i

in total.

e Five were from India (ISRO) and six were
from foreign space agencies. |

® The foreign instruments came from the USA,
the UK, Germany, Sweden and Bulgaria.

Chanc!ragaan-l (arl:lst 3 |llustrat|or|) 11 science pagloads

[11 Instruments (Payloads) |

r Indian instruments (5) Foreign instruments (6)
| No. | Instrument (Abbreviation) | Main purpose (nhame) No. | Instrument (Abbreviation) Main purpose (name)
Terrain Mapping Camera : : Chandrayaan-1 X-ray Study of X-rays from
| 1| Moy Mapping the lunar terrain || 1 1 qortrometer (CIXS) the Moon
Hyper Spectral lrna.ger Imaging in multiple 9 Near Infrared Spectrometer |  Near-infrared spectroscopy
2 | (HysI) wavelengtts to study (SIR-2) of the lunar surface |
1§ surface composition 3 | Sub keV Atom Reflecting Study of energetic neutral
3 Lunar Laser Ranging Laser ranging studies Analyzer (Sﬂlh) atoms around the Moon
Iy I In_strum_ent (LLRI) of the Moon ==l Miniature Synthetic Radar imaging of the
4 1 High Energy X-ray Study of high energy | " | Aperture Radar (Mini SAR) | lunar surface
Spectrumeter (HEX) X-rays from the Moon 5 Moon Mineralogy Mapper Mapping lunar minerals
" Moon Impact Probe A probe released from the ) (NASA instrument)
5 | (MIP) orbiter to study the lunar 6 Radiation Dose Monitor Measurement of radiation
i surface and exsophere K (RADOM) dose in lunar orbit
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@iaswithdrravi

Day 23 | Topic 227 | Teaching visual 1 | Page 53 of 88

IAS with Dr Ravi App




1! S WITH DR RAVI

AIM. PREPARE. ACHIEVE

APPSC GROUP 1 | 1,000 TOPICS IN 100 DAYS
DAY 23 | TOPIC 227 | 227.02

( Impact is not a soft landmg, water is not a lake

moon Impact Probe (MIP) " Impact vs Soft landing

e (P Tgact )} (S o

e Crashed near the Moon's south pole
on the same day.

e It was not a soft landing.

e Carried a radar altimeter, a video
imaging system and a mass spectrometer

called CHACE.

 Gave valuable insights into the lunar .
exosphere, the Moon's very thin atmosphere ¢ . gy
(as per PIB). -

e Deliberate crash.
e Not a soft landing.
e Crashed near the

e Slows down gently.
 Lands intact on surface.
e Designed to operate

14 Nov\ember 2008.

I
I
I
I
I
i
i
south pole on | after landing.
I
: .
I
i
i

Insl:ruments on MIP rImPact slte and sugmﬁcance
Radar alti Video imagin o Impact site named Jawahar Sthal =
ltimefeyr systean% 4 (Jawahar Point) after Jawaharlal Nehru.

o The day was Jawaharlal Nehru's birthday. ==
o ISRO's press release of that day was titled

“Indian Tricolour Placed on the Moon on \}
Pandit Jawaharlal Nehru’s Birthday”. =3

’-b "" ==

It Mass spectrometer =
MRERIEEE | (o red images that studied the Tau

Measured altitude during the descent lunar exosphere pihan st B

above the surface. | and impact. (very thin atmosphere). (n%r uth po)

[ Water on the Moon

o NASA announced on 24 September 2009
that its Moon Mineralogy Mapper (M3),
carried on Chandrayaan-1, had found
water molecules in the Moon's polar regions,
and hydroxyl in the lunar soil.

o Water was in the top few millimetres
of the surface, in amounts “greater than
predicted, but still relatively small”.

e The signal was stronger at the Moon’s

Reflected
sunlight

M3 infrared Absorption features
spectrum associated with

hydroxyl/water
B SMann .

o Water is not a lake.

o Present in very small amounts
in the top few millimetres
of the surface.

e Stronger signal at higher

higher latitudes. latitudes (polar regions).
& o Amount: greater than predicted,
it ; but still relatively small.
Confirmation by other missions [ How eo.ch bodg words it Mission end

o After more than 3,400 orbits,
communication was lost on

29 August 2009.

Cassini spacecraft the presence of water

_molecules on the Moon.

(CEPOH gt ) | 15RO St e

Speaks of evidence of issi
PIB wll g e k * The mission ended (ISRO). R
hgdroxg! - B mrom "

( = The instrument that made )| §

NASA the observation was

st
29 August 2009

EPOXI confirmed
the findings. lL NASA’s Moon Mineralogy

Data Frcrn Cassini's
VIMS instrument
agreed with M3.

Mapper (M3).
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rClmmlro\yaan 2: three parts, different outcomes |
A ] (Three parts of Chandrayaan-2

22 July 2019, Chandrayaan-2 had an orbiter, the Vikram lander

" by GSLV Mk III-M1 ' and the Pragyan rover.
from Sriharikota. e

GSLV Mk III is the
| earlier name of LVM3, /X

so this was the i

LVM3-M1 flight.

N J C_ Orbiter —j 'i_Vikmm |ander_jj Pr‘ﬂg;ﬂl‘l_ E@
: ' 0 in lunar orbit attempted landing  intended to roam
(still working) (lost contact) on the Moon

( Instruments on board = T e

r: Orbiter - 8 ir&ru_m;_nts j @k_ram lander - 4 instruments | @agyan rover - 2 ilstruments]

@ CLASS

@ XSM

| © DFSAR
B O IIRS

o, o
a
© RAMBHA-LP 0 Fi

& ChACE-2 O Laser
O T™C-2 retroreflector
@ Dual frequeru:y array

radio science experiment -

© Orbiter High Resolution Camera
((Vikram: contact lost during descent | _) ( What happened to Vikram J

5
Contact with the Vikram lander was lost ‘ (" In November 2019 the Government told the ‘
during the descent, on 7 September 2019 .

Lok Sabha that Vikram had made a hard landing
by Indian time (6 S\‘3Pt‘3""‘b"-" b‘:} e within 500 m of its desugnated landmg site,
Universal Time). o ol because the reduction in velocity in the second

| _phase of descent was more than the designed value. J

e L ‘

 Later estimates from satellite images put the spot
about 600 m from the target.

(&rbiter: still working ] wapfibiay - L'I"ranga Point

@ The Government said in the same reply | On 26 August 2023 the Prime Mmlster
tha’tk all eight orbiter instruments were | o4 Hhat the place where the
g ‘ Chandrayaan-2 lander crash-landed

‘ | @ The orbiter’s life had been extended " would be known as Tiranga Point,

to seven years, thanks to a precise 9

launch and precise orbital manoeuwres. || reinder that failure is not the ed.

=

Contact lost
_ during descent ;
= (7 September 2019 | 354
Indian time)

altitude of 100 km and has given some
of the highest-resolution images of the
lunar surface.
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[Chandmgaan% the successful landing archltecturej

m e b ( (2. Three parts of Chandrayaan-3 | )

-

Date: 14 July 2023
Time: 14:35 IST
Vehicle: LVM3-M4

From: Second Launch
Pad, SDSC SHAR.

# ' {Prcpulsion Module] Lan(d‘ji Moc%ule - : Rver )
; ikram Pragyan
T ’ |. (1, instruugh) (4 instruments) (2 instruments) |
ﬁ SaentlF ic ms‘l:rumentsj

Lander Module (Vikram) - 4 instruments | | Rover (Pragyan) - 2 instruments ] Propulsion Module - 1 instrument

® ChaSTE - to measure the thermal | ® APXS - to determine the ® SHAPE - Measures spectral
properties of the lunar surface § elemental composition of and polarimetric properties
lunar soil and rocks. of Earth from lunar orbit;

near the south pole. 3

e ILSA - to measure lunar seismic e LIBS - to estimate the helps study signatures of £opm

ﬂCthItU glemental CUmP051t|0ﬂ hﬁbltﬂble Plﬁnets‘

| ® RAMBHA-LP - to study the ilL‘;"T;szi'l,:jfcﬁd‘s >

| plasma environment near breakdown spectroscopy.
the Moon. | U

| ® NASA's laser retroreflector array
- for precise distance measurements o®
between the Moon and Earth. @@8

\ The mission has a Propulsion Module, a Lander Module |
(Vlkram) and a rover ( Praggan)

The lander and rover were designed
to work for one lunar daylight,
about 14 Earth dags. |

| Date: 23 August 2023
Time: about 6 p.m. IST {! W e
(ISRO had announced the ; s [VALWERRN S =4 (rr‘:gi’:? .
powered descent for =N = -
about 17:45 IST).

Location: near the south pole, |
at about 69° south

ﬁSlng cance | | \'f[6._5tatio _Sh;ShaH:iT “ — )

According to PIB, this made India the fourth nation, |! On 26 Pogealid et e SR Telemetrg b
. 3 4 Tracking and Command Network (ISTRAC

after the United States, Russia and China, to soft- ‘ in Bengaluru, the Prime Minister announced

land on the Moon, and the first countrg to soft-land || that the place where Vikram and Pragyan

near the Moon’s south pole. landed would be called the Shiv Shakti point v oy
(Statio Shiv Shakti), and that 23 August ~See 4 ¥ o

would be celebrated as National Space Day. = S J
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(—What did the instruments actually measure'?]

[(Egztg)jj[ Instrument or event ]' Finding (ISR_O) J

\

T
Probe up to || & A probe went up to 10 cm into
18 i‘: with ¢ the soil with 10 temperature sensors
sensoTsPem 8 and gave the temperature profile |
v . of the topsoil. |

|ChaSTE
27 ‘ (Chandra’s Surface .

August ' Thermophysical

((Rpepiment) 10 crh'_'\z‘h? 25| @ ISRO calls it the first such profile
(on the lander) ?..w_;c._%-;é'fi'ef | for the lunar south pole. |
\_ el G ar & . S i S—

— - —_—

o Confirmed sul hur on the surface
near the south pole through in-situ
measurements, which orbiter
instruments could not do.

Plasma [.ght | ¢ |t also found aluminium, calcium,

- analysed to iron, chromium and titanium,

find elements and later manganese, silicon

e S and oxygen.

S = S T s/

= == = — -

-
APXS ;llff}cl:les " o Detected minor elements,
30 | (Alpha Particle

LIBS o I Laser pulse |
| (Laser-Induced 5 &

28 | Breakdown
August | Spectroscopy)

(on the rover)

_.\.
1
:'\

to excite inClUding SUlphur,

BT :
X-ray Spectrometer) Rk ;: elements o ISRO noted that LIBS on the
August | (on ’!:he F:'over) BT o i same rover had also confirmed

o emitted X-rays 3' sulphur.

"ILSA " RAMBHA-LP
‘ "—SA and (Instrument for . (Radio Anatomy of 1
' RAMBHA-LP  tonr Seismic Adiity) | E:::PE;L;":I“EHAPE::;:&:: _ | ® ILSA recorded movements
(on the lander) )j ) Langmuir Prabe) ] around the landing site.
August l ' SIS ': : Z |® RAMBHA-LP measured

.= the near-surface plasma.

Records movements | hﬁ;asums th..e
el k : around the la.nd_mg site. | near-surface plasma.JL Al s
Vikram rose : Set down }'f ;
HOP abactt 40/ Ty 2045 40 ot | o Vikram rose about 40 cm

Sptnr, TP 55

away, h off the surface and set |
4 down 30 to 40 cm away. |

(announced) ]| e The lander and rover were
L ,-. i S .30 e b )‘ then put in sleep mode. |
. - o cm . - LU I s R JENE . = =
27 Landmg : EJ“E;{,_";S?TLSPW ( About 2.06 tonnes of lunar
| October | CJeCta ’,',‘_.-;-:."" " == ---._\/ > epiregolith were thrown up
trerchl) Jlatis e g\ Wi T ey | and spread over 108.4 m’
repo S "-“7';'31"?""'-':& TN :3-’,‘_:'&”_ | (NRSC/ISRO).
b i vz TESEESSNE Y A@e WA SE Sy Y
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[The mission continued beyond the |amlmgj

|ﬁfter the lunar dag J T ﬁhe Propulsion Module came back]

On 22 September 2023 'f:\\ | After more than a month
ISRO said efforts to establish i - ' in lunar orbit, it still had
communication with the lander | &Ver.100 kg of fuel.

and the rover were under wag. ‘ o

T Still had
was necorded as not = || over 100 kg

t:pemtional _ ﬁ = of fuel

TSRO used the =P The propulsion |=| Tt passed its first |[= ISRO announced
propulsion module = module left the | Earth perigee. _ this on
to move it out of Moon’s sphere 4 December 2023. g

lunar orbit of influence.
(manoeuvre).

13 October 2023 10 November 2023 | | 22 November 2023 | | 4 December 2023

—— - ——— — —
- !

- - -

Manoeuvre to : Left the Moon’s First Earth perigee ISRO announced
leave lunar orbit [EEN sphere of influence on 22 November 2023 i the update '

[Purpose of the exercise | | (SHAPE kept observmg the Earth]

The exercise tried out ' The SHAPE payload on the propulsion
operating methods for || module continued to observe the Earth |

a future sample return durmg its i Journeg back
mission. -

Practise operatmg
methods for a |
future sample

return mlssmn J

Observe the Ea l
| SHAPE I during the retumn journey
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[ Three missions: compare spacecraft, launcher and result|
el Chandrayaan-1 W[ Chandrayaan-2 )'( Cl;andrayaan-3 )

("Launch date | 22 October 2008 || Launch date | 22 July 2019 Launch date ‘ 14 July 2023 ‘

' 1 = : GSLV Mk III-M1 . 5
|\ ﬁd vehicle | PSLV-Ci1 ._and vehicle (VM3 family L ind vehicle J _ITVMS M4

GSLV Mk II-M1 I
- | PSLV-C11 (LVM3 family)

é/ ; |0rbiter
ol

LVM3-M4 |

Propulsion
Module

| Orbiter
il /

Impact Probe

(-Parts _‘| Ong;rbiting spacecraft, \| [;arl:s L Orbiter, .‘;fikr;lm lander, ( ;lrt; . Vikram laﬁder, Pragyan rover, .

| mtl:: ll‘::;iﬂcste Pr?‘ll,z |i Praggan rover. Pmpulsion Module. |

( - 11 (five Indian, ) Eight on the orbiter, ([ Four on the lander,
reLpumen: six foreign) [l 5 four on the lander, Instruments two on the rover,

two on the rover. _ one on the Propulsion Module.

Vikram lander

(landed hard)

*Moon Impact Probe |

hits the Moon S
(7 ey Water molecules and [ Mai Orbiter still studying | [ Mg | Soft landing near the south pole.\'
HanE hydroxyl seen by NASA's M3. il L2 the Moon; lander% | o = on 23 August 2023;
e /N & | hard landing. L sulphur confirmed on the surface.
Point named Jawahar Sthal Point named  Tiranga Point Point named Statio Shiv Shakti
(probe’s impact site). (lander’s crash site). (landing site).
| Chandrayaan-1 ) ( Chandrayaan-2 Cl;andrjgaan-g —
| found water molecules # built on the experience; achieved a successful soft |
! andhydroxyl. ‘ orbiter continues to study. landing near the south pole. |
(R it O & S £ _
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[ Sample return and polar exploration are planned |
(W};at .COI'I'IGS— n_e_xt_ - J—NI ,ifChané‘qgfldp-‘l _(Sample r‘eturn);,'iTimeline ‘f;:-r Ch_di;drc_lgiaan;;l;i\l

- A d: 18 September 2024 |
India is planning the next phase of ¥ {lf,ﬁgzvecabinet)_ep S

lunar exploration. Chandrayaan-4 | e Outlay: Rs 2,104.06 crore.

PE ;a.ckgrounder
(June 2026):

- will focus on bringing samples ® Objective: Develop and demonstrate | | planned year 2027.
back from the Moon. Chandrayaan-5 te'l:lt"gl"sg'es ati lﬂ";‘ on ttheE M‘;ﬁ"» sl
(LUPEX) will explore the Moon’s i ailllyss the samules an Encth (15RO (April 2025): |

polar region with India and Japan | ¢ Launch vehicles: Cost covers two @dicates 2027-28.
working together. These are | launch vehicle missions of LVM3. R TG

planned missions, not completed ® Responsibility: ISRO for spacecraft Na;. firm date. !
launches. and the launch, with industry and Mission is planned. | |4/ \
( 4 &

academia taking part.
| o Target completion: within 36 months
‘ of the approval (PMO release, v

)| 18 September 2024). e & sl

;
{ A
&4

K[Chﬂiggaan-_ll: sample return concept ) s

2. Colle

1. Land on the Moon | -
using Chandrayaan-4 |~ _
technologies. -

1"-:‘ (5. Analyse the
lunar samples. | = the Moon. - to E%rth. "1 samples on Earth. |
; = L] —— * - - - _‘- — —_—
{ == 3 S — =
[ChandragaamS / LUPEX (Lunar Polar Exploratuon)) Timeline for Chandrayaan-5 / LUPEX|
I @ Name: Chandrayaan-5 / LUPEX = — =)
X |‘_' = - g, ene— (Lunar Polar Exploration) mission. PIB backgroLfnc[er ,
e @ e T RN e TS e Partners: India (ISRO) and ngg;-zzgzs)‘
: P Japan (JAXA). :
mi o Configuration: Indian lander | (" JAXA mission page )
e with a Japanese rover. (checked 30 October 2026): | 1.
S e Objective: Explore the Moon's | launch no earlier i
olar region and search for _than 2028. J I

e r ;
~“as | Japanese rover

S [:.mar water and ice.
~ @ Launch vehicle: To be launched Ehis is a planned mission, | @l
(from JAXA) l

.. on Japan's H3 rocket. "°_t_“ completed launch. |/ 7 1 ¥

[_Wider vision for India’s space pLogrammej

L Chandr;gaan—li TCE"EDOEE_IQ;Q;’ (¥ Bharatiya | [ Indian ]
(sample return) [l exlartton) LAntarlksl;\ Station | landing on ’ihe Moon
' >

@ L]
Planned year No earlier than Target year Target year
2027 2028 2035 2040
(PIB June 2026) (JAXA, checked 30 October 2026) (Cabinet note) (Cabinet note)
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[ Near the south pole is not at the pole |

(Why the south pole?]

| 3 I Crater near
‘o PIB says LUPEX will explore water BV the south pole

and other volatile materials in the
permanently shadowed regions near

the lunar south pole, that is, places = \‘ _
where sunlight never falls. ‘ AN shifi::ﬁe::glﬁon »

‘e NASA’s M3 had already found the | A (o sunlight) [ Cold sropsinay” 0
water signal stronger at higher e e | preserve water ice—

L latitl._tdes. 2 X e @ not liquid lakes.

e YR

the pole # at the p@'

@)  Chandrayaan-3 ] E
23 || lnded near the Chandragaan-3 @ 69°S (i)
2%“293 lunar south pole landed at about )

B oS Asost 2002 69° south latitude. +

@0  Government declared : J B 8 Near the pOle
26 23 August as The geographic . (but not at
2%“293 National Space Day , \ 1 lun%r south pole is the pole)

L_J,_J on 26 August 2023. = 90° south. 4

First National Space Day ? Bl pol Ginaki G i
; Chandrayaan-3 olar exploration @ 9(° § ‘zéograpiic
2042:4 was observed in 2024. landed :gar the investigates cold traps | s?;gl E&;le
Al ISRO describes the south pole on and volatile materials. 1
m celebration of 2025, |3 23 August 2023-_/, Latitud th
held in New Delhi, as S L atitude (south)
the second National Space Day. _
ﬁhree common exam traps | )
o “India’s first landing on the Moon W@ Mixing up names. ! @ Treating planned as done, |
came with Chandrayaan-1." | © GSLV Mk II-M1 (Chandrayaan-2) or an announcement as the first |
— ' and LVM3-M4 (Chandragaan-3) observance. -

are the same family of rocket,
since LVM3 was earlier called

" Chandrayaan-4
e L PIB June 2026 plan:

GSLV Mk II. : 2027 — not a firm date.
o Not yet launched.
= GSLV Mk Il LVM3
E (earlier name) = (same family) S::?‘i:ﬂsgﬂoi"'st h{l:il::;aaEnX);
- } ISston wi .
o Chandrayaan-1 was an orbiting Crandaysan-2 2} Chandragaan-3 - il:ng;tg launch no earlier
mission, not a landing. PR el NANZULO.
o I ic relhembated for the @vidaRce GSLV Mk Il is a different launcher. o T
| of wa!:er‘. ; 3 Chandrayaan-2 and Chandrayaan-3 declared in 2023 and
e The first Indian soft landing was both had a lander named Vikram first observed in 2024.
Chandragaan-3’s, near the south pole, and a rover named Pragyan,
on 23 August 2023 so always ask "which mission?". Chandrayaan-3 - Chandrayaan-3
; R 5 launched on landed on
o Credit the water finding correctly: Vikram-S and Vikram-I are | 14 July 2023 23 August 2023
| the spacecraft was ISRO’s, but the different things again: . X O
instrument that saw the water was NASA's. Skyroot's private rockets. _ T
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A hazard is not automatically a disaster

Day24 | Topic237 | 237.01

High exposure + fragile buildings Safer siting + stronger buildings
+ weak preparedness + warmng and evacuation capacity

llustrative comparlson—not a prediction of a specific storm.

Hazard: a potentially harmful ~ Disaster risk: potential losses
~ process, event or human activity. over a period, shaped by hazard,

exposure, vulnerability
‘ ‘

and capacity.
Exposure ) Vulnerablhty Capacity

\"’[ Disaster risl:l ]‘/

Conceptual relationship—not a universal arithmetic formula.

Hazard

A hazardous event can cause very different

losses in different communities.

Under Indian disaster law, disaster involves substantial
harm and a scale beyond the affected community’s
coping capacity.

Takeaway: Risk reduction addresses exposure and vulnerability
and strengthens capacity; it is not limited to relief after damage.

Sources: UNDRR terminology; suppliedDay24 notes; Disaster Management Act2005 section2(d).
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Classify the origin—not just the event name

Day24 | Topic237 | 237.02

NATURAL: ANTHROPOGENIC: SOCIONATURAL:
mainly natural mainly human activities natural and human factors
processes and choices combine

Di‘FFEf'eﬂt origins can interact lllustrative cascading sequence

.

- '_‘-:l,' * _-\h_'...'

ARES Lk - g N

Heavy rain Slope failure Road blockage Delayed access

Hazards may occur singly, sequentially or together.
Their effects can cascade rather than remain isolated.

Important comparison

laswithdrravi.cam

@iaswithdrravi

Day 24 | Topic 237 | Teaching visual 02

Aspect f Origin Hazard type
Question answered | Why it arose What process causes harm
tit ifi Natural / human-induced / Physical process (e.g. earthquake,
Wbt casties combined flood, landslide, heatwave)
Do not Do not collapse these two classifications.

Revision cue:
Natural / human-induced / combined:
three origins, not only two.

Source: UNDRR Hazard terminology (2017); supplied Day24 topic237.
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Five hazard families: identify the process

Day24 | Topic237 | 237.03

Mosquito — Virus
B'OLOG'CAL: (vegtor}\ A ” = ! ‘ (pathogen)
organisms, pathogens, g oAl /A : . Bacteria
toxins and biological Tl (pathogen)
Vet e x"(;mm
+  Polluted stream Degraded soil

ENVIRONMENTAL:
degradation and pollution
can contribute to harm;
some processes are

risk drivers.

GEOLOGICAL /
GEOPHYSICAL:

Earth processes such as
earthquakes, volcanic
activity and mass
movements.

(water quality)

Volcano

; / (volcanic activity)

HYDROMETEOROLOGICAL:

atmospheric, water or ocean “¥
processes—cyclones, floods, |
drought and storm surge.

Chemical spill iation inci Dam failure
TECHNOLOGICAL: 5, G wbstnce ff“ﬁ";“é‘&i’f; L s s
failures or dangerous . — -
industrial conditions—
chemical spills, radiation
incidents, dam failures.

Categories can interact: g+~ A bmeni canbe
an earthquake can damage industrial infrastructure; . g:{olalu y trigger ;
a storm can trigger a landslide. y COME an oceanic,

Do not assume every event fits one isolated box. ' - 34 coastal water hazard.

Source: UNDRR Hazard terminology; supplied Day24 topic237.
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The legal test: when an event is a disaster

Day24 | Topic237 | 237.04
Disaster Management Act 2005, section 2(d): read the elements together.

@ Event: @ Cause: © Result: O Scale:
catastrophe, mishap,  natural or human-made, substantial human beyond the affected

calamity or grave  accident or negligence. suffering or oss, — community's coping

property damage or i
ST environmental harm. Ay .

What caused it?  What harm resufted?  Could the commurity
cope!

2025 clarification:

“man made causes” excludes law-and-order matters
or situations, including situations arising from them.

Section 2(e):

disaster management is continuous and integrated;
it includes disaster risk reduction—not just relief
after an event.

Wi Examples:
£ : . i
by An industrial leak may qualify just as an

earthquake may. Environmental harm counts:
the coping-capacity threshold still matters.

Sources: Disaster Management Act 2005 as amended 2025; supplied Day24 verified source pack;
District Gondia official definitions.
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Mayapuri: a hazardous source enters the wrong chain
Day24 | Topic237 | 237.05

o Unused gamma cell o Auctioned as scrap, 9 Radiation zxpm-u o Treatment and

containing cobalt-60 February2010 at Mayapu regulatory action
o) Apr||2010

Rajya Sabha reply1954,12August2010:
Fad. flrom | seven people with radiation-induced symptoms were treated;
official reply | one gied on26April 2010.

The material posed a hazard before the event.
Improper disposal created exposure; the health consequences made the risk concrete.

Prevention =) [& =>4

chain
Sou ulatory
imentnf:'y R‘,.gt:l:wﬂ:n:ul

Policy lessons from the official reply— | Radiological incident # chemical gas leak.

not do-it-yourself radiation advice. Mayapuri's substance was cobalt-60.

Unused equipment is not automatically harmless.
Hazardous-source control must cover its entire life cycle.

Source: Government of India, Rajya Sabha (1954,12August2010; suppliedDay24 notes.
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Visakhapatnam: separate incident, finding and order
Day 24 | Topic 237 | 237.06

7 May 2020:

styrene leak at

LG Polymers, ; r ;;' L ':'7 B o
R.R.Venkatapuram, 4 " T gt T
Visakhapatnam.  Souier i £ O L

Interim direction:
deposit Rs 50 crore with

8 May 2020:

NGT took up the District Magistrate;
0.A. 73/2020. subject to further orders.
okt | INTERIM ORDER |
of 11 deaths and ?EMLM
expressly noted that : Rs 3 :' gt
fatalities and injuries w;:hh;:; Eus::;mﬂw.

might rise.

P
==

o g8 _ge The 11 figure belongs to the initial 8 May 2020 record.
Key dlStlﬂCtlﬁn It is not a claim about the final casualty total.

An interim deposit is not the same as final compensation.

Prevention and emergency readiness

On-site Off-site Prevention and
- planning planning emergency readiness
i =
. ) gl +

i n = A

: Risk assessment, Community awareness, Lower risk of incidents
Hazardous chemical safe operations, early warning, and better response

(styrene) on-site emergency plan evacuation planning if an incident occurs.

The order identified styrene as a hazardous chemical under the

1989 Rules and sought a committee report on causes, damage
and remedial measures.

Source: NG T Principal Bench, 0.A. 73/2020, order 8 May 2020, pp 1-4; supplied Day 24 notes.
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Four incidents: match the substance and lesson
Day 24 | Topic 237 | 237.07

i Event Substance | Revision distinction |
~Methyl Industrial chemical
isocyanate disaster

Shriram industrial leak;
Oteum M.C. Mehta litigation
NS o Mayapuri, Radiolodical
[T Delhi Cobalt-60' | Rédvkgioal Somve
S ML 2010‘ in scrap chain
LG Polymers
2rene chemical leak
Do not mix the two Delhi events
2By 1985: Oleum — 2010: Cobalt-60 —
1 chemical . radiological
|| 'I'_ﬁ & Industrial leak at Shriram. - =230  Radiological source
M.C. Mehta litigation. in scrap chain.
Casualty figures need a date and source

A settlement-era figure, a later government claim and a final
Judicial finding are not interchangeable. State whose figure
you are quoting and when,

Accurate examples strengthen an answer only when event, year

Same category does not mean same substance.
@ and hazard are correctly paired.

Source: Supplied Day 24 source pack; M.C. Mehta judgment 20 December 1986;
official Mayapuri reply 12 August 2010; NGT order § May 2020.
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Hazard percentages: check the denominator

Day 24 | Topic 237 | 237.08
Historical vulnerability profile—not a 2026 remeasurement

Earl’hquakes: Dfmninator:
almost 58.6% of landmass— andmass
moderate to very high intensity. Percentage of the

country's landmass.

Floods and river erosion: _ Demlm:zatur:
over 40 million hectares, : a e
ercenta e
about 12% of land. total Ianaearea.
Cyclones and tsunamis: Denominator:
close to 5,700 km of coastline
Percentage of the
e o:fier 7’516 kll'l 7,516 kmgf:nasﬂine
coastline. (historical baseline).
Drought: e Dmnator'
68% of cultivable area. cultivable area
Percentage of the
total cultivable area.

These percentages overlap and use different bases.
Do not add them to obtam a total hazard percentage.

The 7,516 km coastline is the historical baseline used in this profile,
not the later remeasured coastline.

Earthquake-code caution
The 2016 IS 1893 classification had Zones Il, lll, IV and V,
with V most severe.

This is a dated textbook classification, not a certification of
which edition is currently in force.

For a current code question, check the applicable BIS edition and official notice.

Sources: Supplied Day 24 notes; NDMA/NIDM historical vulnerability profile;
MHA Lok Sabha reply 3 March 2015.

laswithdrravl.com LA with Dr R App
@iaswithdrravi
Day 24 | Topic 237 | Teaching visual 08




]]][ IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

APPSC GROUP 1 | 1,000 TOPICE IN 100 DAYS

Resilience: reduce risk before the emergency

Day 24 | Topic 237 | 237.09
Anticipate Resist and absorb Adapt Recover essential

P

2y : = 2 Strengthen people, " I = | G
Mot e infrastructure and AN & dengig o i b
plan ahead. SHS*;E.M;atn \n;thstand from experience. electrir:itg‘. and

i other lifelines.

Resilience concerns how a system or cnmmunitl]g withstands, adapts and recovers—
not merely how quickly relief arrives.

- Sendai Framework for Disaster
Hyogo Frza&wfrzko:‘gr Action R Rkt
2015 - 2030
Built global awareness of disaster Builds on Hyogo, with a broader
risk reduction and provided a and people-centred approach to
10-year framework to make reduce disaster risk and build
communities safer. resilient communities and societies.
Sendai adopted 18 March 2015 at the Third UN World Conference in Sendai, Japan.

7 global targets 4 priorities for action

i Strengthen Invest in are for res
Undrsd b risk ;?vgemance risk reduction aPr::P Build Back

b _—

Identify and assess Set policies, roles lanring. resibent Plan, practise and
hazards, exposure and coordination Iﬁfrastr%ctura and ensure recovery reduces
and vulnerability. across all levels. ecosystem approaches. future vulnerability.

Preparedness and mitigation work before loss; recovery can reduce future vulnerability.

Disaster management is a continuous process, not a relief-only activity.

Source: UNDRR Sendai Framework; UNDRR Resilience terminology; supplied Day 24 notes.
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Disaster management is more than relief.

What is a disaster?  Hazard vs Disaster

A disaster overwhelms the Hazard Disaster
coping capacity of the A hazardous ~ When a hazardous
affected community. event with the  event, together
potential to m’:ih ETP““L'T‘I%
cause harm. »nn vulnerability,
can exceed the

coping capacity
of the affected

community.

Man made causes in 2025  Key provisions (Sections 2 - 3)
The 2025 explanation Definitions and important provisions
clarifies that law and order  are given in Sections 2 and 3 of the Act.
related situations are
excluded from the

expression ‘man made causes’.

consolidated Act as on 15 May 2026,
sections 2 - 3.

Disaster Management
Act 2005 (Act 53)

The Disaster Management
Act 2005 (Act 53),
dated 23 December 2005,
rovides the legal
Eramewcrk for disaster
management in India.

More than relief

Disaster management
is a continuous process
th&:ejm beyona relief

0

uce future risks. 28
Flood resistant

Prevention and ~ Preparedness Response Recoveryand  Risk reduction
mitigation Be ready with  Provide immediate  reconstruction  Byild safer and
Avoid or reduce plans, early warning  assistance and Restore services, more resilient
potential risks and resources. manage the livelihoods and communities to
and their impact. 4 situation. minimise future
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Three levels, different chairs.
Authority under the Act Executive committee

NDMA, SDMA and DDMA are authorities ~ Supports the authority in implementation.

under the Act, each with a specified chair. Chaired by the indicated official.
NATIONAL LEVEL NATIONAL EXECUTIVE COMMITTEE
NDMA | NEC
Section 3 :,...r;. b S Chivad bg the
Chaired by the @B EA 3= in r Union Home
Prime Minister. S=SVESS= SN Secretary.
STATE LEVEL STATE EXECUTIVE COMMITTEE
SSDMA4 R SEC
ection 1 KL e : il
Chaired by the (134
Chaired by the ¥ aﬂ Chi;fmSecrgetar;, o
Chief Minister. Shswiaeiel/; - .
DISTRICT LEVEL s, DISTRICT EXECUTIVE ARRANGEMENT
DDMA = R | The DDMA
Section 25 itself has a CEQ. ,
Chaired by the B Thereisnota
Collector / Bl separate district Y
District Magistrate / ‘SRS executive committee &
Deputy Commissioner, SR8 .~ . 8 under the Act.

From policy to local implementation

| NDMA | SPMA " DDMA
Sets overall policy |:> Adapts and issues @ Implements at the
| and directions. state level directions. district level.
Key; Authority is not the same as executive committee. Source:
The authority (NDMA / SDMA / DDMA) is chaired at the indicated level and empowered | MHA consolidated
under the specified section, while the executive committee supports implementation. Act 15 May 2026.
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NDMA sets direction; NEC coordinates action.

National Disaster : : :
Mansaemet ddthovitg (o) | UIsieme X Eomplae R

® Union Home Secretary chairs the NEC.

® Prime Minister chairs the NDMA. ® Includes the secretaries of the listed
® Up to nine other members. ministries and the Chief of the Integrated
® Prepares and lays down policies, Defence Staff.
plans and guidelines for disaster ® Coordinates the implementation of policies,
management. plans and guidelines.
® Creates a national disaster database. ® Monitors the implementation of the

National Plan.

¥ ® Ensures preparedness and effective response
MANAGEMENT for disasters.

® The Vice-Chairperson performs day-to-day
functions. In the Vice-Chairperson’s
absence, a member designated by the
Chairperson or Vice-Chairperson
performs these functions.

Policies, plans and guidelines Coordination and monitoring Deployment of resources

National Plan for Disaster Management - EYY, 0%

® The NDMA coordinates the preparation and %
approval of the National Plan for Disaster Management.

® The plan is reviewed every three years.
® The plan is updated at least every five years.

® The first National Disaster Management Plan (NDMP) =/
was released on 1 June 2016. -

NATIONAL PLAN [l
/| FOR DISASTER [
MANAGEMENT

Source: Disaster Management Act, Sections 3, 6, 8, 10 and 11; Press Information Bureau, 1 June 2016.
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Two national committees you must not confuse.
Both are under the Disaster Management Act, 2005 and have different roles.

|ﬂ Section 8A | Section 8B

NCMC - National Crisis HLC - High Level Committee
Management Committee Chair: Minister in charge of the Central

Chair: Cabinet Secretary. ministry administering disaster
: management (Union Home Minister).
urpose: Nodal body for major =
g disasters V?lth serln{ts or Purgose.. ;
aiond mrmf"catmns e Financial assistance to States under
section 46.
- = | @ Approval of mitigation assistance
EMERGENCY under section 47.

COORDINATION ‘

Ss==ws-— 1| RELIEF ASSISTANCE
== | to STATES

Key role:

e Overall coordination in a major
disaster situation.

® Brings together different ministries i
and agencies.

® Focus on response and control
measures for national level situations.

Key role:

e Examines and approves financial
assistance to States under section 46.
Ap roves mitigation assistance

er section 47.
° Focus on funding support for relief
and long term risk reduction measures.

Compare at a glance:

NCMC - Emergency coordination
Ay coatm bl HLC_ Financial apprwul Iedgcr

Fucus on appruval af financial a.55|stanc.e |
to States under section 46 and mitigation
assistance under section 47.

National Executive Committee (NEC)

The NEC is chaired by the Union Home Secretary,
not the Cabinet Secretary.

Focus on coordlmtmg the nntmnal
response in major disaster situations.

Source: Ministry of Home Affairs, Consolidated Act, 15 May 2026, page 12.
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State authority and executive committee work together.
State Disaster Management

 Disho el Mandge State Executive Committee (SEC)
_ u ort y ( ) Chief Secretary chairs the SEC.
Chief Minister chairs the SDMA. Four State Secretaries plus

Chief Secretary is the CEO ex officio. PGP ex officio. DGP addition 2025

Functional preparation and approval tree

State Plan District Plan Urban Plan
coordinated by SDMA. by DDMA.

by Urban Authority.

MU ApPROVED |
MM BY SDMA

Review and update

State Plan is reviewed every 3 years
and updated at least every 5 years.

Source

Act sections 14, 18, 20, 23, 31, 41A
as on 15 May 2026.
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District coordination meets local action.

DDMA composition District plan and approval
e Chair : Collector / DM / DC. = e District plan prepared by DDMA
o Co-chair : elected local after consulting local authorities.

representative. o Approved by SDMA.

o Sixth Schedule areas: =~ : e Review and update at least
Chief Executive Member of I l - every 2 years or earlier as
autonomous district council. ~ , =7 necessary.

o CEO: not below Additional TR To B
Collector / equivalent. " A

o SP and CMO : members. == g

Functional example : generic flood preparedness

District plan _Municipal / Ready Buildi Relief /

Pﬂ"ﬂ“:ﬁﬁ ;tﬂﬁ: resources standards reconstruction

Local bodies prepare
disaster management
plans since 2025.

Source : Act sections 25, 31, 41.
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Urban authority: enabling law, not automatic establishment.
Section 41A inserted 2025. State Government MAY notify

. _ Urban Disaster Manuj]ement Authority
= —— for State capitals and all cities having
Yiam l  Section 41A Municipal Corporation; Delhi and
N inserted 2025.  Chandigarh excluded.

Composition of Urban Authority. Functions and process.
" Urban SDMA Urban
Authoritg approves. ﬂuthuritg

prepares coordinates

Urban Plan. implementation.

Municipal Commissioner District Collector
= CHAIR. = VICE CHAIR.

Illustrative urban risk coordination.  lllustrative monitoring tools.

An Urban Plan can coordinate flood-risk A control room can support timely
measures such as drainage and pumping.

coordination.

Key comparison.
Y Pa = Power to constitute

does not prove authority
MANAGEMENT KUTHORITY B " ﬂ.lr'?.ﬂdg constituted
l s ‘l'l e " every city.
Source: MHA consolidated Act 15 May 2026, section 41A.
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Force, fund and training institute are different.

National Disaster  National Disaster NlDM
Response FORCE ~ Response FUND

Section 44 Section 46 Section 42
specialist response. money for training, research,
, different aspects documentation,
Section 45 of disaster capacity building.
ﬁmlgenml management.

Director General
command and
supervision.

B | RESEARCH

. —

W }mcummmmw 713

R T capaciry BUILDING |

= " — 2w _' =
= 3 _— __.-l":":-ﬂ""

Additional 2025 rule:

State Government MAY constitute
State Disaster Response Force

by notification under section 44A. *§¥

s s - ¥ L"#*"_‘

Source: MHA Act 15 May 2026.
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Follow the fund to the correct institution.

State Disaster » State Executive  STATUTORY DESIGN
Response Fund Committee The Disaster Management
Act providesdsepamte
: response and mitigation
Stﬂt& I?lsaster » SDMA funl::ls at the natigna[,
Mitigation Fund (State Disaster state and district levels,
Management Authority)  and specifies the
institutions that receive
District Res Fund DDMA and manage these funds.
SRR, . (District Disaster This page explains the
District Ml‘tlgﬂtlﬂh Fund Management Au‘l:hari{’y) s’mtuemg degign of fund

flow under Sections 46

Applied under to 48. It does not prove

National Response Fund Central Government lthﬁ’f Eﬂﬂ‘} district fund
an quidelines in consultation is operational.
: i with NDMA
National Mitigation Fund Natonel Disasta TRy A
Management Authority) as on 15 May 2026.

Example use: Emergency relief supplies

Response funds can be used to provide
immediate relief such as food, water,
shelter materials, medicines and other

Example use: Disaster-resilient
infrastructure

Mitigation funds can be used to reduce
future risk, such as constructing or

essential supplies during a disaster. uEgradinﬂ disa;ter—;e;iiiznt infrastructure
s roads and bridges.

like raise
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Read disaster finance with its award period.

Historical FC 15, 2021-22 to 2025 26 Total risk fund: 100%

The total risk fund is divided
into two parts:

® Response: 80%

® Mitigation: 20% Rgsponse Mmgatum
—_—

The Fifteenth Finance Commission
(FC 15) recommended disaster
finance for the period

2021-22 to 2025-26. gt

Response wmdows as SHARES OF THE WHOLE:

The 80% response component is further divided into three windows.

Relief: 40% Recovery/ reconstruction: 30%  Preparedness/ capacity: 10%

Immediate assistance Restoring and rebuilding o o  Building systems, capacity
after a disaster. _ assets and services g%  and early warning F-::r
after a disaster. & I future risks.

Ten equal units: each represents 10% of the whole

Response: 80% Mitigation: 20%
r N
40% 30% 10% 20%
Relief Recovery/ Preparednessf Mitigation
reconstruction capacity

® 40 + 30 + 10 = 80 (these are shares of the whole risk fund, not percentages of 80).
® Mitigation is the remaining 20% of the total risk fund.

Historical totals (recommendations) Do not carry old windows
National risk fund State risk fund unchan into FC 16.
Rs 68, 463 crore | Rs1,60,153 crore
w"'"' =Y

FC16 recommends different
flexibility and preparendess
arrangements. See the next page

These are eecommendations;" allocations, not actual spending.

Source: FC 15 report 2021 - 26; MHA 2023.
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FC16 changes the financing picture.
RECOMMENDATIONS for 2026 - 27 to 2030 - 31, not actual releases.

State funds together National funds
Rs 2,04,401 crore. Rs 79,406 crore.
This consists of the State Disaster The 16th Finance Commission
Response Fund ( SDRF) and the recommends this amount for the
State Dlsaster Mrtlgatmn Fund (SDMF} national level.

X \ Suballocation
across different
purposes at the

% national level is

s 163521 e R i

40,880 \b
crore “",E < i

80 :20 split
between SDRF and SDMF.

Functional comparison

FC16 recommends flexibility between State Response / Relief and Recovery /
Reconstruction, with preparedness and capacity building under Mitigation funds.

State Response / Relief Recovery / Reconstruction Preparedness and
Use for immediate response Use for restoring and Capacity Building
and relief activities. rebuilding after a dlsaster Under Mitigation funds.

Flexibility
Gl

Finance [‘,ommlsslﬂﬂ Source:
| Volume 1 16th Finance Commission
3 s 11.54 - 11.60 ) Volume I, paragraphs 11.54 - 11.60,
B | Printed 245 - 246 printed 245 46.
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Date the law before memorising it.

KEY DATES CURRENT SCOPE

Teaching checked against
O 23 December 2005 MHA co%'nsolido.ted tgéxt

The original Act ‘as on 15 May 2026,
was enacted. .

MHA
CONSOLIDATED AcT [}
as on 15 May 2026)

not an undated claim. = —————— |-

2026 EXAMPLES (SELECTEDFFENCES)

Maximum penalties, not automatic sentences.

T Section 51
Q9 AE”' 2025 Obstruction or refusal
A major under the Act, without
amendment reasonable cause.

came into force. e Up to 6 months’

imprisonment or fine or both. .

o If this causes loss of lives or -
— imminent danger thereof: =85
— up to 1 year imprisonment. .= =

-\ — Section 52

O 15 May 2026 Knowing false claim.
Jan Vishwas e Up to 6 months' \
changes are imprisonment AND fine. #\\

reﬁ!eptled in t!be _
official conso atmn. Section 53

[ JAN VISHWAS |? Misappropriation of money
: g ETI 2.  or materials meant for
| 4N t 1

- I~ consouipaTe™ 14 disaster rellef.‘

1 ACT @ o Uptol year -
imprisonment AND fine. =%

(as on 15 May 2026)

TWO AMENDMENTS, DIFFERENT DATES

2025 institutional Selected penalty
changes: changes under
Jan Vishwas 2026:

effective
e 9 April 2025.

———— \ effective
———\ 15 May 2026.

A\ Do not attribute the 2026 penalty changes to April 2025

Source: MHA consolidated Act, page 31 (footnotes); Jan Vishwas Act 8 of 2026. | No legal advice.
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Al is the field; learning is one route

Artificial intelligence: tasks involving in‘te"igent behaviour.

Machine Iearning: patterns learned from data. ngboh'c rules
| e o

Deep learning: multi-layer neural networks. ——

I IF condition
THEN action

Input Model

Possible caterpillar class
(illustrative output)

OECD 2023 Not every Al system
Covers explicit OR implicit objectives. learns continuously
Outputs include predictions, content, | afer deployment.

recommendations and decisions.

Y = . @
l[III i @
L ] v == Deployed May not learn

Predictions  Content Recommendations Decisions model continuously.
Source: OECD 29 Nov 2023.
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A proposal is not the workshop

J) 1950 Turing: imitation game

Alan Turing proposed the imitation
game as a way to discuss whether
a machine could show intelligent
behaviour through conversation.

O 31 August 1955

John McCarthy, Marvin Minsky, mmﬂmﬂhw
Nathaniel Rochester and Claude Shannon
submitted a proposal to the Rockefeller

roposal

..

‘artificial intelligence”
and outlined a plan

Foundation using the term 2 e —— for a summer

“artificial intelligence”. '\1 = : research project.
Q Summer 1956 -

The Dartmouth research project | | PROBLEM SOLVING

took place in the summer of 1956 " REASONING

at Dartmouth Colle o{ge bringing = — 2k
together a group of researchers B EARNING
to work on artificial intelligence. » ==

Q 1959 Samuel: published machme-learmng checkers study

Arthur Samuel published a study showing that a
checkers program could learn and improve through
self-play using machine-learning techniques.

© 1997 Deep Blue defeats Kasparov in sm-gamz match

IBM's Deep Blue defeated Garry Kasparov
in a six-game match, a landmark result
in computer chess.

ced the term

AlexNet used a dee? convolutional network
to achieve a major improvement in image
recognition on the ImageNet dataset.

O 2017 Attention Is All You Need: Transformer - -
The paper “Attention Is All You Need” introduced ( Feed Forward Network J
the 'ansformar architecture, showing that | S, L, P )
attention mechanisms can be used for highly ( Multi-Head Attention

effective language models. e oD G C_El

COMPARE 1955 proposal vs 1956 workshop

1955 proposal = | 1956 workshop

o Submitted on 31 August 1955. e i pactin f,:e summer of 1956
o Used the term “artificial intelligence”. . ;o'mghl: tb;frin?m:zl lnf researchers
o Outlined a plan and requested funding work on artificial inf lg!n:t

for a summer research project. ® Was the "‘mf'd" project descr

the
® It was a proposal, not the event itself. . !Fhr. wrtshnp was the event, not

the original proposal document. ":n.q‘_

Sources Stanford McCarthy archive; IBM; original research.
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Labels teach a spam filter

What is supervised learning?

We learn a pattern from
labelled examples. Each

email has input features

and a desired output label.
The model learns from the
training data and then
predicts labels for new emails.

The 7-step supervised learning pipeline
9 Convert to features

€ Collect labelled examples

Emails with known labels.

| Win a prize
today!

o Train the model

The model learns patterns
from the training data.

o Inspect errors

Insper.t mistakes to understand
limitations, Tune using separate
validation data, not the final test set.

A Prize details :}.ﬁ{ d;ﬁﬂ
 for the event | |obel is ot spam

= (illustrative)

Model predicted
g Special offer | not spam but actual
label is spam

laswithdrravi.cam
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Key terms

Feature = input attribute
of an email.

Label = desired output
(spam or not spam).

Training fits model to
find patterns in the data.

Testing checks unseen
examples to estimate
performance.

Turn each email into
input attributes.

Contains word prize? |

| 1
Contains word free? | 0
2

4 Number of links

Number of capital letters | 5
Email length 120
Sender domain type | 0

Worked example

The word “prize” can be a
feature. If an email contains
“prize”, the label might be
spam. But this is not a
guarantee. Some genuine
emails (for emmp?e, a
school prize) mr? also

contain the word “prize”.
Prize

E details for

pam not spam

€ Split the data

Keep some emails for
training and a separate
held-out set for testing.

==

Training data  Held-out test data
Used to fit ~ Kept separate
the model. and unseen

during training.

© Test on held-out emails
Use the trained model to predict
labels for the unseen test data.

0\ e E — not spam

~S

@) Predict new email Important

Keep the test data unseen
during training. If test
emails influence training,
the performance can be
misleadingly high and

Use the trained model on
unseen emails in real use.

Claim your will not reflect real-world
free prize performance.
Sources
IBM supervised learning;
Google ML glossary.
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No labels, or rewards? Not the same

Reinforcement learning:
learns from rewards

The agent learns a policy through
interaction with an environment. It takes
action, receives a numerical reward and

a new state, and over time learns to choose
actions that maximise cumulative reward.
This is not a table of labelled answers.

Unsupervised learning:
finds structure without labels

The algorithm sees unlabelled purchasing
records. It looks for patterns and groups
similar customers together. The clusters
reveal structure in tae data, but the
cluster names need human interpretation.

ll;llnlnbelled F Clustersdfound Rt
urchasing records in the data gw
P 9 | R (software)
DEFAERE A, /v @ ffﬂ
'@ 45 | 2 go | Similarity ‘oge% " | B bay,or serve
'@ 31 | 8 | 300 | 9rouping ‘Lo g"""":r
@221 | e | e esmen || S s, 8
@ 46 | 3 | 9 T B .‘\‘ e € Environment
@) 25 | 6 | 150 — e 0\® %0 | Next state ‘ (game or real world)
1@ 3|7 280 ‘\. @ ¥ NS e.g. new | f * | "
20 2 70 2 ﬂ" e | i T 1 I: \
. - s Position Nl Wem ‘
Number of purchases ond situation ‘ ‘ - -

The algorithm discovers structure, but the
cluster names such as A, B and C need to be
interpreted, for example as “high value customers’
“occasional buyers” or “budget customers”.

The agent improves its policy over many
interactions, seeking the highest cumulative
reward. It learns from feedback, not from a set
of labelled examples.

How the three learning approaches differ

Learns a mapping from inputs to
known labels to make predictions

on new data.

Discovers natural groupings in the
data. The cluster names need
interpretation, for example types

Supervised learning Unsupervised learning Reinforcement learning
Learns from labelled examples Finds structure without labels Learns from reward feedback
Features Label 4 e T
o) (target) AL TR Agent | Ation
| @ | Age 23, 5 purchases Electrc!mcs - v :l : ® ,"' /' a \
| @ | Age 45, 2 purchases | Groceries amount mams, TSEU s Reward .
® | Age 31, 8 purchases | Travel ;B ...\“ £ o \ Em'r?’_"mfnt
Age 22, 1 purchase Books I‘\. : ."’J' ; \. P i}r" 1 r
' i A, i Next state A O
umber of purch e )

Learns a policy through interaction,
seeking the highest cumulative reward.
This is not a set of labelled answers.

of customers or products.

laswithdrravi.cam LS with Dr Fan App
{@izswithdrrawvi

Day 25 | Topic 247 | Teaching visual 04




IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

APPSC GROUP 1 | 1,000 TOPICE IN 100 DAYS

High training accuracy can mislead
Model A Model B

9%
100 - 100 -
L 0% 88% Training and
) arge gap ] i 1)
__ 80 Hetidein __ 8 7 test accuracy
® 60% iy 2 are similar,
> 60 - ——— trainingand 7 60 - 4o b
g - test accuracy g :
5 404 5 40 - eneralises
g i 3 tter in
. overfitting. afid this
0 ot 0 __illustration.
Training Test Training Test
(seen data) (unseen data) (seen data) (unseen data)
Model A: overfitting Model B: better generalisation
A Very complex curve A Simpler curve that
/ that chases the captures the overall
training data points pattern and ignores
i (including noise). @  noise.
z s
& £
3 3
@ Training data @ Training data
points points
=== Model prediction ' 3 === Model prediction
Input (very wiggly) Tnput (simpler trend)
What is overfitting? Why testing on unseen data matters
Overfitting happens when a model A high training score alone is not proof
captures noise or very specific of usefulness. We need to evaluate the
features of the training examples,  pmodel fits noise model on unseen data (test data) to see

rather than the underlying pattern. and specific points ~ how well it performs on new examples
This can lead to high accuracy on it has not seen before.
the training data but much lower
accuracy on unseen data.

Source: Google Machine Learning Glossary — Overfitting. Numbers are illustrative examples, not research findings.
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Deep learning is a model approach

What is deep learning? Key idea

Deep learning uses multi-layer A neural network is a mathematical
neural networks to learn patterns model made of simple connected units
from data. It is a model approach that transform inputs step by step.
that learns from examples rather It is inspired by tﬁe brain, but it is
than following hand-written rules. not an exact model of the human brain.

A neural network for deep learning
Input layer Hidden layer 1 Hidden layer 2 Output lm'fr

(3 nodes) (4 nodes) (4 nodes) (2 nodes
Input1 5 O ‘ ,
{e.ﬁiml value) VN _— \ . Output 1 L
— " b = — (e.g. probability

Tnput 2 DA ok class A
(e.g. pixel value) i

3—( K (e.g. probability
miul valug) = of class B)

Connections
carry weights
(e.9. wy2)

Training adjusts the weights so that the model’s outputs match the desired targets.
The network is a mathematical model, not an exact model of the human brain.

Two key design choices Ways to train deep networks
1. Architecture 2. Learning paradigm  Labelled learning
Use input-out irs and minimise
What model? What feedback? the &wﬂfﬁ rence P;:t::m pnedic"t::i“::d true labels.
o number of layers o labelled data - ;
o number of nodes (supervised learning) Self-supervised learning
per layer « self-supervised Create a learning objective from the data itself
« type of connections objectives (e.q. predict a missing or next part).
o activation functions o reward-based methods Reward-based learning
(reinforcement learning) Learn from a reward signal that indicates

better or worse actions or outputs.
How deep learning builds understanding

Deeper layers learn increasingly complex features from the input data.

1. Input image 2. Low-level features 3. Mid-level features 4. High-level features
(pixels) (edges) (patterns) (class)
T -4
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Fluent text is not verified knowledge

What is generative Al? Next-token generation pnpelme

e Generative Al creates new Taxt contaxt
content such as text, images,
code or audio.

e An LLM (large language model)
is a language-focused model
that generates text.

o Next-token prediction alone
is not real-time fact
verification. A token can be part of a word, a whole word, or punctuation.

It is not always one whole word (e.9. “Fran”, “ce”, or “.").

Training objective vs verification  Hallucination

Training objective Predfiction alone is not A hallucination is a plausible
(next-token prediction) verification but incorrect or unsupported
The model is trained to  Additional training and tools wﬁaf“;‘f"it"i E:f"t
rredict tokens that are can improve reliability. bacad ? tiod evid
ikely to come next in Next-token prediction alone on Veriried evidence.
large collections of text.  does not establish whether
It learns statistical a claim is true or up to date.

patterns of language. Fluent and confident text  SoUrCeS

i‘:::ﬁllr:':;m % o The Transformer architecture:
ppovied. Attention Is All You Need (Vaswani et al., 2017). |

o GPT models:
Research on generative, pre-trained
language models (e.g. nguage Models
are Unsupervised Multitask Learners —
Radford et al., 2019).

7
8 5
" g

5,

From output to responsible use

Supported by reliable sources
thwcmftd Chuck with o P""WH fopns _|—-b o « Use the information with judgement.
Consider the context, limitati
» Look for reliable, original sources and whether the source is mﬁt
(e.g. government websites, official » It may still need interpretation
geMmte’d =P reports, academic publications). :
actuﬂ'- clai™. | Check the publication date
nndw’r:timﬂneinfwmnﬁunis Unsupported or contradictory
it — othmttmltlmhimﬁm
ims wi i N Reject it or investigate further.
» Look for better scurces or additional
evidence.
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IndiaAl: capacity plus guardrails

" Cabinet approval Total outlay Implementation

7 March 2024 Rs 10,371.92 crore <ip IndiaAl Independent

for the over 5 years. Business Division |
IndiaAl This is the approved - under Digital India il
Mission. outlay, not the 5 3 Corporation.

' mtpendlture achieved. = :

Seven connected pillars
€ Compute Capaatg € Innovation Centre (€) Datasets Platform

High perfnrmance Develop indigenous -, Streamline access

computing  _=FNE Large Multimodal to quality non-personal "l
infrastructure ;i' = m::ﬂ::: ‘;"‘:CI o datasets for startups =1
E t"rlgllr:: ll:rge s datm#:'.nl and researchers. T ‘ u

_ - models. ~ g - ¥
Application _ / © FutureSkills

e Devel?pment Initiative Develop Al skils <l
uild sectora i and talent through e
training, courses <= i

Al applications X
in areas such as and certification F=_}
programmes.

agriculture, health
education and &

governance

O startup Fi Fnancmg

Support deep-tech
Al startups with
streamlined
funding access.

Ensure ethical,
safe and responsible
Al through
standards, tools
and governance

mechanisms.
" From resources To models and applications To responsible deployment
» Compute capacity ¢ Foundation models —H o Safe
» Curated datassts —_ = & Transparent
» Skilled talent @ i nppllu?tlnns —_ o Inclusive
+ Innovation ecosystem JP Tools and solutions - @ Trustworthy
» Startup support Q Innovation and startups — @ For public good

Applications in action (PIB, 12 October 2025)
BHASHINI Kisan e-Mitra Education tools

a Language access Al based scheme Al based tools

tools to make digital help for farmers, to support students
services and information providing persnnalusad L and teachers with
available in Indian languages. advice and information learning resources
on government schemes. and personalised support.
laswithdrravi.com UE with Dr Rar App

Source: PIB 2012355 and PIB 12 October 2025 backgrounder.
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Responsible Al: principle to practice

NITI Aayog, February 2021
© Sofety & reliability o @ Equality

Al systems should = PRACTICE: Al should | PRACTICE: o
be safe, reliable | Test failure promote fair | Compare ‘mm W
and robust in modes before and just outcomes ﬂ rl
real world use. nglungnt_ outcomes for | across different 3

all. groups. Group Gfgul' Group

© Inclusivity & non-discrimination € Privacy & security

Al should be | PRACTICE: Al should PRACTICE: .
inclusive and | Chock for respect privacy | Protect Limit access
not discriminate | oycluded and ensure | data with —
against any i data security | appropriate Useonly |
group. m:p;':: throughout : t\‘:n:l-ni.::a{t gu-.dgli necessary data)
it ; sa
outcomes. Its use :E::Iurelf | Secure storage
© Transparency Model output | () Accountability y
EDuisim: Appme_] Developer | Builds and
Al sgﬁtems PRACTICE: There should | PRACTICE: o letsthemd
should be : a1 | be accountability | Acg S
transparent Eﬂﬂ: system if?u:w | for the design!f ﬁif,'? : | Deployer | mﬂ?ﬁz
and explainable | works and | |+ Factor 3 development, | responsibilty ¥
to relevant its limitations. | % deployment across the | User | Uﬁf sl
stakeholders. [Umitttiuns dm} and use of | Allifecycle. — § "
- not f
?ﬂm% | Al systems. [_ Reviewer s
@ Positive human values A
Al should PRACTICE: decisions
preserve human | Preserve v Allows human
agency and human agency override
support human by keeping v Supports
well-being and | humans in human well-being
social gg@d_ the IOtIP.
_____ From principle to practice: an Al system audit pipeline
Data | | Privacycheckpoint | | Model | | Feimess checkpont| [ Decision | | Explinabity checkpot] | Review
(input) -" Check data '-} (processing) by Assess outcomes wp  (Output) " Provide reasons I-} (monitoring)
Sl protection and | | across different | p— | and communicate |
E_ : | proper use. | % | groups. | ‘ : limitations. | Q
Constitutional and legal foundations Ethical principles are not a substitute

Responsible Al should be consistent with
India’s constitutional values and applicable laws.

58

laswithdrravi.cam

@iaswithdrravi
Day 25 | Topic 247 | Teaching visual 09

A

for verification.
Principles guide action, but must be supported
by technical testing, evidence and continuous review.

Source: NITI Responsible Al Part 1, 2021,
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2025 guidelines, 2026 cooperation
5 November 2025 MeitY India Al Governance Guidelines

The Ministry of Electronics and Information Technolo?y (MeitY), Government of India
released Al Governance Guidelines to enable responsible, inclusive and trusted Al.

Seven sutras for responsible Al Six governance pillars Action plan and

O Trust practical guidance

€D People First ) ® Guidelines for government,

) Innovation over Restraint IEE Capacity building ::}iﬁtry o ik
Fairness and Equity Fs e Risk based approach across

O Nlts
g Accountability bl ot the Al lifecycle.
@

Infrastructure

, regulation e Practical tools such as
Understandable by Design governance checklists,
Safety, Resilience and c Risk mitigation impact assessments and

Sustainability documentation.
o e Enables innovation while
Accountability managing risks and
protecting rights.
Institutions
t E:éld d Eﬁinhh responsible
. — rust and i
— A 0 public ﬁ-ﬂf innovation and safety

— = ——— W confidence

21 February 2026 PIB reports New Delhi Declaration

after Al Impact Summit 18 - 19 February 2026

The Press Information Bureau (PIB) rerorted that the New Delhi Declaration was
adopted after the Al Impact Summit held on 18 - 19 February 2026.

Key distinction (" AREAS OF COOPERATION

The Declaration sets out ° i (————1
FYE3

voluntary, non-binding
Trustworthy Skills [ Efficient i.‘.;!

Countries, international

organisations, industry,

academia and civil society
agreed to work together TR " i =
to harness Al for 2 MR T -~
people, planet and < S
shared prosperity.

NOT a global Al law. |

cooperation. It is
Sci AR
| and talent § and research § o sutainable
SE B g

P Caperatinn for pel;
= aa = planet and shared prosperity
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Four legal protected-area categories

Wild Life (Protection) Act, 1972 Tiger Reserve
Section 2(24A) defines (Section 3[3‘“', SﬂTdAf-ﬂ
% . e Separately provide
four protected-area categories. P
(Protection) Act, 1972.
Protected areas e A landscape with a core
; and a buffer for long term
(SEC‘thﬂ 2 (24A)) conservation of tigers
I and their habitat.
e Can include one or more
. : . : - of the four protected-area
National ~ Sanctuary Conservation ~Community categories.
Park Reserve Reserve
No livestock  Certain Government-  Private or
grazing. existing rights ~ owned land,  community
may continue  declared after  land voluntarily
Rights must be  under law. consulting offered fqr
settled before , local conservation,
final Grazing may be  communities.  outside ;
notification.  regulated, national parks,  Biosphere Reserve
controlled or sanctuaries  (Ngtional / UNESCO MAB
prohibited. and = framework)
G e Not created under the
VEAEVeS, g% Life (Protection) Act,

o A large landscape for
conservation, sustainable
development and research.

® [ncludes core, buffer
and transition areas.

e Can overlap with any

of the above protected

areas, including tiger

reserves.

L —

Important points
e The four categories are defined in Section 2(24A) of the Wild Life (Protection) Act, 1972.
® Tiger reserve is separately provided in Section 38V of the same Act.

o Biosphere reserve is a national / UNESCO MAB framework, not created under this Act.
o The categories can overlap. Do not add or sum unlike categories.

Hakbilal ilisiralions are concepissl, ol maps o Biact afte depiclions, 2oning shapes vary by ils
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Sanctuary or national park?

Start with rights

Both are declared areas for wildlife
protection, but the treatment of
existing rights is different.

Wildlife sanctuary

* Collector may allow continuation
of existing rights under Section
24(2)(c) with the Chief Wild Life
Warden's consultation.

* Grazing and movement of livestock
may be regulated, controlled or
prohibited by the Chief Wild Life
Warden under Section 33(d).

'J, Al regulation [

\ b gl w o "‘,"__,"-'l“_F_. (Section 33{&]} =

may be regulated, controlled or prohibited
by the Chief Wild Life Warden under
Section 33(d).

laswithdrravi.com
@iaswithdrravi
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Glrazing of ivestock is not allowed

Key difference

A sanctuary may allow continuation
of certain existing rights. A national
park does not have this continuation
provision and its final notification

follows after rights vest in the State.

National park

* No provision for continuation
of existing rights under Section
24(2)(c).

* Final notification is issued only
after rights vest in the State
under Section 35(4).

* Grazing of livestock is not allowed
in a national park under
Section 35(7).

{ -.___.' C 3l

"ol No livestock o
1 " GRAZING \
8 (Section 35(7)) _

i
R o

W L,

|

A —

in a national park under Section 35(7).
Final notification is issued only after
rights vest in the State under Section 35(4).

xacl aite depiclions, 2oning shapes vary by sile
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Who declares — and who recommends?

Sanctuary (Section 18 and 26A)  National Park (Section 35)

State Government State Government

declares a sanctuary by declares a national park by
issuing a notification. issuing a notification.

Transferred or leased protected area (Section 38)
Central Government | v

may declare a sanctuary
or a national park for an
area that is transferred
to, or leased by, it.

The boundary of a sanctuary or :
a national park can be altered Etﬁsea:fgt?;aﬁize
only on the recommendation ~ _ 4 by itself change 490 TR
of the National Board for the boundary. « o
Wildlife (NBWL).
: Declaration is not the same
Process for boundary altergtmn | as management
National Board State State Dec'“:tl:n: 5 M:m:gemetni
for Wildlife Government Government  *® Etr:ta::;: s, o e b i
recommends examines decides and or national park. | aditoation
boundary the issues a o Done by the o Carried out through
alteration. recommendation.  notification. appropriate the prescribed
\ gmmmgn‘t as authorities and
explained above. management measures
after declaration.

Hakbilal ilisiralions are concepissl, ol maps o Biact afte depiclions; zoning shapes vary by ails
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Conservation reserve or community reserve?

Government land Private or community land
Government-owned land. voluntarily offered for conservation.

Conservation reserve Community reserve
Section 36A Section 36C
Can be declared on government land.  Declared on private or community land
The State Government shall consult volunteered for conservation.
local communities before declaring Must be outside a national park,

4 @ conservation reserve. wildlife sanctuary and cunservatmn

reserve.

The Central Government can also declare a
conservation reserve for transferred or leased

. areas under Section 38(2A), subject to Section 36A
conditions. (as inserted by the 2022 amendment, effective 2023).

Management Management
Section 36B Section 36D
A conservation committee advises A community committee manages
the Chief Wild Life Warden on the community reserve and prepares

management of the conservation reserve. &ty . & mamgement plan.

d _,MIHI‘IHIIM.‘ -

Commumty =
Committee

Habital ilustralions are concepiss, nol maps of Bxact aite depiclions, zoning shapes vary by it
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A tiger reserve has a core and a buffer.

Core area Jas e Buffer area
o Inviolate area for tigers. ZEBE! © Surrounds the core area.
e Strict protection. R ® Allows coexistence with local
® Managed to keep critical tiger 3 communities.
habitat inviolate, subject to -Z¥ W4  © Regulated use of forest resources
statutory safeguards for rights. ¥\ 4 for livelihoods.
ARG R ® Supports conservation and
reduces pressure on the core. ..

A State Government notifies a o 4T
tiger reserve on the recommendation Ml
of the National Tiger Conservation _ i
Authority (NTCA) under Section 38V SERSA - S : |* :
of the Wildlife (Protection) Act, 1972.  Saataiplas " s
e e L s - foat

P

e .

NTCA list of tiger reserves (as on 23 October 2026)

The National Tiger Conservation Authority Total area:
(NTCA) maintains a list of 58 tiger reserves Core area: 46,701.29 sq km

in India (as on 23 October 2026). Buffer area: 37,786.54 sq km
Total: 84,487.83 sq km

Latest listed tiger reserve Nagarjunsagar Srisailam Tiger Reserve
(as on 2026) dhra Pradesh
Madhav Tiger Reserve s AEiffﬂlsi 595.72 sq km
in Madhya Pradesh #itae o Buffer area: 700.59 sq km il
was the latest to be s _Total area: 3,296.31 sq km .5
included in the list s, R | ;
in 2025 o —
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A biosphere reserve connects protection with livelihoods.

A biosphere reserve, under UNESCO’s Man and the Biosphere (MAB) programme,
conserves biodiversity, supports sustainable development and provides opportunities
for research, monitoring and education.

Zoning in a biosphere reserve

A biosphere reserve has three interlinked zones. The shape and size vary by place
and are not always concentric.

CORE ZONE BUFFER ZONE TRANSITION ZONE
o Strictly protected ecosystems.| e Adjoins or surrounds the core. o Communities live and work here.
» Conservation of biodiversity | « Compatible activities such as » Sustainable development
and natural processes. research, education, monitoring activities such as agriculture,
« Minimal human use. and sustainable resource use. agroforestry and eco-friendly

* Helps reduce pressure on the core. | enterprises.

o Links conservation with livelihoods.

Conservation Sustainable development Logistics, research,

o Protects biodiversity, * Supports nature-friendly mohitoring and education
ecosystems and natural livelihoods and responsible * Provides a platform for long-term
processes for the long term. resource use. research and monitoring.

PRI L o ks, * Helps people and nature thrive o Supports education, training and

L xnE . Ay _ : wledge.

together.  sharing of kno

i - ) Ny

Hakdlal Tusralions are conceplusl, nol maps o B2act ake depiclions, foning shapes vary by site
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A number without a date is a trap.

Numbers about protected = Tiger reserves and biosphere .
areas change over time reserves can overlap these legal g
because of new notifications, protected areas. .

revisions and reclassification. They are not extra categnrie »
Always check the source in this four-category total. ~*#4#g

agl Do not add unlike counts. “"'“ gy o,

Dated snapshot: 27 November 2023 (WII)
Total protected areas in India (WII, 27 November 2023)

1,014 = 106 parks + 573 sanctuaries + 115 conservation + 220 community
Total area = 1,75,169.42 sq km (5.32%)
106 573 115 220

onal parks  wildlife sanctuaries conservation reserves  community reserves

b e
rh. at
] s

nat

Later official totals are different vintages. Key points to remember
10 February 2025 2025 baseline, reported ® The figures 1,014 (27 November 2023),

: : 1,022 (10 February 2025) and
(Lok Sabha) in New India Samachar, - 1'134 (2025 baselne, reported i
2 New India Samachar, 1-15 June 2026)
1i02 1’ 134 are from different sources and
total protected areas 41 protected areas a#FFemnt offintes e
5.43% of Indic e ® Percent of area also differs:
43/ of Indias area 5.32% (27 November 2023) and
e . 5.43% (10 February 2025).
3 A4 ® A number without a date can be
misleading.

® Do not add tiger reserves or
biosphere reserves: these designations
can overlap the four categories.

Hakbilal ilisiralions are concepissl, ol maps o Biacl afte depiclions, 2oning shapes vary by sils
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National recognition is not UNESCO recognition

India has 18 biosphere reserves
recognised nationally.

Out of these, 13 are part of the
UNESCO World Network of
Biosphere Reserves (WNBR)

as per PIB, 3 November 2025.

Cold Desert joined UNESCO network
in September 2025

National recognition: 2009. g
UNESCO entry: September, “#&2# %
2025. N
It became India’s 13th Seimwm——=a=
site in the UNESCO network. .*"_ Y

Smallest among all 18 (natwnal list)

Dibru-Saikhowa
?65 o km 4.8

.,—.-H"-ﬂ_. &

Global update -5 June 2026

UNESCO announced that the

- World Network of Biosphere Reserves
has 797 sites in 145 countries
as on 5 June 2026.

14 new sites were added in 2026,

but none are from India.

b Total sites: 797

\ Countries: 145

New sites in 2026: 14
From India: None

laswithdrravi.com
@iaswithdrravi
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Biosphere reserves

(national recognition)

World Network of
Biosphere Reserves

The Panna Biosphere Reserve

Smallest Indian biosphere reserve

in the UNESCO network

Keg takeawa.gs

1

~N o S~ W

Habilal ilisralions are concepissl, ol maps o Biact afte depiclions, 2oning shapes vary by sils

5 biosphere reserves
have national recognition
but are not yet part of
the UNES{ZG netmrk

18

in India

13

e 13 hiosphere reserves

are recognised nationally
and also part of the

UNESCO World Network |
of Biosphere Reserves. |

(WNBR)

Panna (2011) - newest national desqgnatmn

was given national recognition A ESE
in 2011. It is not the - A

newest entry in the & F¥* 1
UNESCO Wurld B a5 T

Network
Largest among all 18
Great Rann of Kutch
12 454 sq km

National recognition and UNESCO recognition
are different.

India has 18 biosphere reserves, of which

13 are in the UNESCO World Network

(as per PIB, 3 November 2025).

Cold Desert: national recognition in 2009;
India’s 13th UNESCO site in September 2025.

Panna (2011) is the newest national designation,
but not the newest UNESCO entry.

Smallest among all 18: Dibru-Saikhowa
(765 sq km).

Smallest Indian in UNESCO network: Nokrek (820 sq km).
Largest among all 18: Great Rann of Kutch (12.454 sq km).

UNESCO (5 June 2026): 797 sites in 145 countries.
14 new sites, none from India.
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ESZ modification did not remove the mining bar

I TIMELINE ;
RECIDEA ya 26 April 2023
The Supreme Court modified 3 June 2022 .
the Eco-Sensitive Zone (ESZ) Supreme Court modified

P : Supreme Court the 3 June 2022 direction.
directions on 26 Apf‘ll 2023. directed a minimum The minimum 1 kilometre
This modification did not 1 kilometre ESZ ESZ direction does NOT
remove the existing bar on from the boundary apply where MoEFCC has
mining inside l_\iationai P_arll(s of all National E:":i;gfff:l::':gm;ﬂ
and Sanctuaries and within Parks and i pﬁrksﬁmﬁcmaﬁ; sy
1 kilometre of their boundary. Sanctuaries. on inter-State/common

boundaries.

HYPOTHETICAL FOREST BOUNDARY AND 1km RING  PARA 65: CONTINUING MINING BAR

e r1 kiomedre from bowndary Mining is prohibited:
sl _f_ ¥ SR E e inside a National Park or Sanctuary, and
T ~ \ o within 1 kilometre of the boundary
£ o T A >— Boundary of of a National Park or Sanctuary.
7 o L .‘ R\ ",‘ National Park
o - * o \ or Sanctuary

National Park
or Sanctua

b | @— 1 kilometre

I
.|
- - :
: ;' ESZ (as per T
e /3 June 2022 4l
\ o . /. direction) I
- - - - ' ¥ l
g ek o N
-------- . < > " —
. o e ihi INIng m
This is a schematic diagram for illustration only. _ Mining prohibited ! R P | widoni s per
It does not represent an actual site or map. inside NP / Sanctuary : mﬂ;mbcl.ukimm : applicable rules
| ofboundary 1o ond 1 iometre
ESZ WIDTH IS NOT UNIFORM EVERYWHERE WHAT CHANGED ON 26 APRIL 2023?
The actual width of the ESZ is notification-specific. ~ * E‘; cilﬂﬂmf Court modified the 3 June 2022
It may be more or less than 1 kilometre depending & The winkawn 3 Eikinistes B diruction dhas
on the particular notification or proposal. NOT apply where MoEFCC has issued draft/
final notifications or received proposals, or
; . where parks/sanctuaries are on inter-State/
MoEFCC Site-specific common boundaries.
draft / final ESZ width o It also covers inter-State and common
notification (as per the g R fy
e sal tificati o The modification did not remove the mining
prope notification or prohibition inside National Parks and Sanctuaries
e proposal) and within 1 kilometre of their boundary (Para 65).
o Other n{spiicnble approvals and restrictions

still apply beyond 1 kilometre.

Hakbilal ilisralions are concepissl, ol maps of Biacl afte depiclions; Zoning shapes vary by ails
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Keep three classification systems separate

Wildlife (Protection) Act
legal categories

These are legal designations
under Indian law to protect
areas for wildlife conservation.

1. National Park
Strict protection for e Gl
wildlife and habitats. 25 8

Only regulated . .
activities are allowed.

E!'ample: Sri .Veﬁ‘l;ateswnm
National Park

2. Wildlife Sanctuary

Protected area for
wildlife with some

regulated human 3
use allowed. _ .

Example: Coringa Sanctunry

3. Conservation Resenre

Government-owned
land declared after

4. Community Reserve

Voluntarily conserved
rnmte or community _ .
and, outside national g
parks, sanctuaries .S
and cunservatmn R, ¥
reserves. . el ("

S ™

laswithdrravi.com

@iaswithdrravi
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Biosphere Reserve zoning

A biosphere reserve has three
zones with different levels
of protection and use.

1. Core zone e
Strictly protected el

ecosystems and % S
biodiversity, <
scientific research
and monitorin

compatible wn‘ﬂw
conservation.

2. Buffer zone
Limited and

regulated use oo
such as research, 'R
education and _ :
ecotourism.

3. Transition zone
Sustainable use

with settlements, -
agriculture and _ g2
other human &
activities. _

Example:

Hakbilal ilisiralions are concepissl, nol maps o Biact afte depiclions; 2oning shapes vary

by dite

TUCN management categories
These are international management
categories for protected areas.

They are NOT species risk categories.
Each category has a different
management objective.

Tn. Strict nature reserve 28K
Strictly protected areas & :'
with tightly controlled JSWE® ke B &
and limited human X8

visitation, use and "8
impacts; <cientific research
and monitoring may occur.

Ib. Wilderness area
Large natural areas 49

mostly free from 2
human disturbance. .

IL. National park _ &
Protection of 4
ecosystems and A
recreation allowed {ully
in a controlled way. 5

Protection of specific
natural features
such as unique

landforms, caves *
or old trees

IV. Habitat/species management area
Active management st Ziganiy

to conserve specific
habitats or species. -t ANE.

V. Protected Iundscapefsensmpe

Conservation with
harmonious human 555
use and strong ¥
cultural and nntuml -
values.

VI. Sustainable use area .
Conservation of gl ¥
biodiversity with 2 W
sustainable use = :
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267 | Micronutrients: small amounts, major roles

From food to nutrients to body functions

. A variety of foods
provide wfamms and minerals

Small amounts, but essential

Vitamins and minerals
are needed in small
quantities.

A long-term lack can

cause deficiency
disorders.

The 13 vitamins: two groups |
{"'—-.__ —

4 fat-soluble vitamins
(A, D, E, K)

= A: vision, immunity
and healthy skin

= D: helps c;l:lubr:n
absarption £
undmh

= E: antioxidant protection
for cells

+ K: bloed clotting
and bone health

Fat-soluble vitamins
dissolve in il (fat).

Regular intake and body stores

Water-saluble vitamins Vitamin Biz: important

exception [mainly lmr':

. LPslu||1_| not shered in lorge
amounty (except Baz)
« Need regular infake

= Vitamin BL2 con be stored
in the Ever for many morths
or years

from the diet s [mportart for red blood calls
» Excess i usually excreted nerve function,
i urine,

Micronutrients
in small amounts

Support brain Keap heart,
function, vision mﬁ:“ a:d.
and immunity nuwm:?r "
(vitamins A, B, C) (B “tﬁgm;
minerals)
b Help build
maintain

bones and teeth Suppent
{minerals. 'JI g :‘ds o

vitaming D, K) mlmm

{vitamins and minerals}

Vitamins support normal body functions

and health. Minerals are essentinl for growth and health.

Protein, energy and micronutrient deficiency

i jent defici Protein defici Lack of both
icronutrient deficiency Ein deticiency protein and y
ired vight i
mpal ni Wiigm E 'j
with vitamin A) Can :;unt u':::rh;r L
Weaker immunity grow (weight and
{more infactions) {fow height h:igai‘} and
for age). lead to wasting
jt‘i‘:g‘fi'!:ﬁ and serious
with vitnmir? 'u, hesith probler.

Water-soluble vitamins

dissolve in water.

anaemia with iren)

i A .
9 water-soluble vitamins
(Eight B vitamins plus C)
« B (thiamine): energy release from food
= B2 (riboflavin): energy metabolism
= B3 {niacin} cells, skin and nerves
= BS5 (pantothenic acid): coenzyme in many reactions
« Bé (pyridaxine):. protein metabalism, nerves,
red blood cells
B7 (bictin): helps enzyme Fumction
B9 (folate): red blood cells, DNA synthesis
B1z {cobalamin): red blood cells, nerves
€ (ascorbic acid); collagen formation, wound healing,
immunity, helps iron absorption

(

Micronutrient deficiency
different from pratem—energg

Fat-soluble vitamins A and D
e b J..,aelr s malnutrition
; ; Protei
Micronutrient deficency | i R
& Due fo lack of spacefic = Dueto wate
witasn(s) or -?&-:;1 pm.m. ar both,
fat + Can otcur even when o Lon cause wasting,
hrz:.i.undb stores A and [ averal and protein stunting and impaired
o : ': : infake :mlqutpzr g:rwt:.!

*» Vitnming A and 0 can be stored « Causes specific deficency |« Affects overall body
in the biver and in body fal dizarders (g, vitamin A fissues and mulfiple
s s | SR

supply between intakes deficiencies.

iaswithdrravi.com
@ mswithdrrev
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267 | Fat-soluble vitamins: A, D, E, K

Vitamin A
Supports healthy vision and skin

Night blindness is
often an early sign
of deficiency.

Henlthy eye

Deficiency can cause:

« Night blindness (difficulty
seeing in dim light).

* Xerophthalmia - a range of -3 \
eye signs due to deficiency, T
including dry eyes, Bitot spots Bitat spot
(white, foamy patches on the (on conjunctiva)
conjunctiva) and corneal damage.

e Severe deficiency may lead to blindness.

Vitamin E
Helps protect cells from damage

% _‘}I}i.': - Merve cell
g (neuron)
A2

Deficiency can cause
peripheral neuropathy
due to nerve damage.

* Numbness, tingling

Myelin sheath

{hdps nerve sa'gnnl and weukness.
transmission) - often in the hands
= ¢ and feet.

Deficiency can also cause red-cell breakdown
(haemalysis).

S . @i

DX/

S0 %S,
r Rl ‘

MNormal red blood cells
(carry oxygen)

Red-cell breakdown
(haemolysis)

Key contrasts to remember

/- A\ Rickets = children Osteomalacia = adults = . ..~
e )'(\ | Due fo vitamin D deficiency. | Due to vitamin D deficiency, '

i } | Seft, weak bones that may bend. | Soft bones, bone pain

LS / and muscle weakness.

\y 1 |

s

Vitamin D

Helps the body use calcium for strong
bones and teeth

Helps absarption
use of calcium

Mormal bone
with mineral (calcium)

Healthy tooth

Dietary lack of vitamin D and insufficient sunlight
exposure can contribute to deficiency.

Deficiency can couse soft bones:
Rickets (children) Osteomalacia (adults)

f* ‘\ Saft, weak bones 'I(j:r.;f‘:~ '

that may bend

1
== LCan lead to ¢ * Bone
deformities such \.lil and terﬂtfmmsa
as bowed legs. \
! * Muscle wenkness.
A A4
M by

Vitamin K
Essential for normal blood clotting

Injury to a
blood vessel
causes bleeding.

p=_~Fibrin clot
& (stable network)

Flatelets

Vitamin K is needed 3
for clotting factors
that help form a

stable fibrin clot. =~ Red blood cells

The clot helps stop
bleeding and allows
the vessel to heal.

Deficiency can impair blood clotting and can cause
prninngerr bleeding, such as easy bruising, nosebleeds
or excessive bleeding after injury or procedures.

| Clotting = vitamin K
/| Vitamin K is needed for clotting
/

II

factors. Deficiency impairs
blood clotting and can cause
bleeding.

iaswithdrravi.com
@ mswithdrrev
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267 | Water-soluble vitamins: deficiency links

(thiamine)

2. Vitamin B3 (niacin)

| symptoms
\5) :?muF appetite,

Found in whole grains, (niacin) : a,
I&gl..ll:mtsr nuts and « Weak muscles and low energy Found in meat, poultry, abdominal discomfort)
pork. {fatique). fish, peanuts and

= Nerves may be affected whole grains. Mervous symptoms

(tingling, numbness).
» Heart may be affected
(breathlessness, heart failure).

3. Vitamin Bg (folate)
Deficiency efhects

(canfusion, irritability,

memary problems).

4, Vitamin B12 = Anaemia and other features

Deficiency effects

Anoemia
(reduced red blood
cell formation).

f Smooth tongue
. - (glassitis).

Vitamin B12

(cobalamin)

(folate) « Reduced red blood cell production ~Found in animal products - Sesf] P gecthe Stubances
Found in leafy green (megaloblastic anaeamia) ::;hﬁ mﬂh:ﬁ' S ] constipation or diarrhoea)
i y
vegetables, legumes,  « Leads to tiredness, weakness 9
citrus fruits and and shortness of breath Although water-soluble, i Possible nervous symptoms
fortified foods. due to lower oxygen-carrying vitamin B12 is stored ) (rumbness, tingling, balance
capacity of the blood. mainly in the liver. problems, memory difficulties)

5. Vitamin C - Scurvy
: Deficiency effects

Vitamin C

(ascorbic acid) _

Found in citrus fruits, - ] TJoitit soreness

berries, peppers, - in and swelling).

broccoli ancr:ther H | {po M.,riﬂ_l,ll

fresh fruits and vegetables. ' e Et - }'
Slow wound heali
(poor tissue repu:?

6. The nine water-soluble vitamins

The eight B vitamins and vitamin C together form
the nine water-soluble vitamins.

The eight B vitamins
B1 thiamine

Bz riboflavin

B2 niacin

B5 pantothenic acid

Bé pyridoxine

B7 biotin

B9 folate

B12 cobalamin

Vitamin C

C ascorbic acid
+

b i
= Nine water-soluble vitamins

iaswithdrravi.com
@ mswithdrrev
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267 | Minerals: deficiency versus excess

Iron (Fe) Deficiency — anaemia

= Less haemoglobin
and fewer healthy

Meeded to make

haemoglobin in red blood cells

red blood cells « Lsads 30 anasiia

which carry oxygen with symptoms such Naormal blood Smaller, paler cells

in tha bﬂdu. as tirﬂdne\ss_ wenknusl trﬂd bluﬂd EE"EJ {Sﬂme mﬂgﬁiﬁmtiﬂﬂ}
ﬁlzr::"t?l and shortness Iron deficiency is the most common nutritional cause

of anaemia, but it is not the only cause.

Iodine (I) Deficiency — gaitre and developmental effects

& - Lack of iodine can cause goitre
(enlarged thyroid gland in the neck).

» Severe deficiency in children can
impair brain development, leading

Needed to make
thyroid hormones
which regulate

growth, brain to learning difficulties. e
dﬂieliz?:lﬁnt and < » Deficiency during pregnancy can ' - ‘
bt Groitre harm fetal development. Severe iodine deficiency  Maternal iodine
(enlarged thyroid gland in childhood can affect deficiency can harm
in the neck) brain development.  fetal development
Calcium (Ca) Deficiency — weak bones and teeth Role of vitamin D

Needed for strong
bones and teeth.

+ Not enough calcium can
lead to weak bones, increasing b
the risk of fractures. I = —lp
« Teeth can be weaker and [R{:":::“DH
more prone to decoy Fr di“? i |
act

Also important

for muscle

contraction, nerve

function and .

RSN Weak and less dense bone  eaker teath E::Tr::a Enlf;lf; TFF:;?E«’.;:?E?
{mare likely to fracture) (more prone to decay) strong bones and teeth.

Fluoride (F)  Low exposure > less protection against dental caries Excess fluoride - fluorosis

) Dental Ruoresis Skeletal fluoross
:EIP: lPrE'u'lent J L“”gg::ﬁ 5’:-5:’:“;;“ (from prolonged excess] (from higher exposure)
ental cares pra protec -
(tooth decay) by against dental caries
J (tooth decay)
strengthening
tooth enamel. » Adeguate fluoride

strengthens tooth enamel

Tooth more prone Stronger enamel and reducels the risk of : "
to dental caries with adequate dental caries. Mottled I e
{with low flucride exposure)  fluoride exposure {discaloration and patches) {st'rffmsa & and puln}

Fluoride in drinking water and important points
. P » Total flucride intake (from water, food and other sources)

= WHO guideline: 1.5 ma/l and duration of exposure matter.
= BIS acceptable limit: 1.0 mg/L = These guideling values are not uriversal safety quarantees
« BIS permissible limit: 1.5mg/L ONLY in the absence of an alternate source for everyone

« 1 ma/l is approximately 1 pom in water. = Skeletal effocts have been reported with prolonged
gt e o il il exposure to around 36 mg/L

iaswithdrravi.com EAH wih O Favl App [6] fiped
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267 | Anaemia: causes and survey context

What is anaemia? Causes of anaemia

Anaemia means a lower than
normal number of red blood cells
or a reduced amount of
haemoglobin, so the blood

ies | to the bod
e S
. {with iron) causes

Hﬂzmg[nbin
molecule

Oxygen (0:)

binds to iron - >

in haemaglabin Other

Red blood cell Haemoglobin ;Mbo:gcfih:;fei causes
(carries oxygen)  (a protein in red blood cells)

Common symptoms

. .‘l ;

" Iron deficiency
— (most common nutritional cause)

' Deficiency of folate, vitamin B12
or vitamin A

a0l

Infections

ﬁ e.q. malaria,
chronic infections,
# 7 panasitic infections

Inherited blood disorders
( o O@®
Sickle cell Thalassaemia
disease  and related disorders

Symptoms alone
are not a diagnosis
of anaemia.

A blood test to
measure
haemoglobin is

Fatigue Dizziness Cold hands Headache Breathless:ness needed.
(tiredness)  (light-headedness)  and feet on exertion

Global burden (WHO fact sheet, 10 February 2025; estimates for 2019)

Non-pregnant women =

15-49 years
30%

(539 million)
(53.9 crore)
are anaemic

globally (2019).

Survey context (National Family Health Survey - NFHS)

Historical NFHS classification

NFHS-4 = 2015-16 of anaemia (used in these surveys)
NFHS-5 = 2019-21  Children 6-59 months Nw-f;g*g;:;:m
Haemoglobin Haemoglobin
< 11.0 gj’dL < 12.0 g/dL

These are survey thresholds used for classification
in NFHS, They are not individualizzed treatment advice.

Children 6-59 months

about 40%
(269 million)
(26.9 crore)

are anaemic
globally (2019).

India (NFHS-5, 2019-21)
Men 15-49 years

25.0%

are angaemic
in India
(NFHS-5).
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267 | NFHS anaemia: India and Andhra Pradesh

India Andhra Pradesh |
Group NFHS4 (2015-16) NFHS4 (2015-16)

- NFHS5 (2019-21) - NFHS5 (2019-21)
Children 6-59 months 58.6 — 67.1 % 58.6 — 63.2 1
All women 15-49 53.1 = 57.0 4 60.0 - 58.8 |
Pregnant women 15-49 504 - 522 % 529 - 53.7 4
Girls 15-19 54.1 - 59.1 4 61.1 = 60.1
Children 6-59 months All women 15-49 years

Anaemia among
children increased
in both India and
Andhra Pradesh.

India: 58.6% - 67.1% 4
Andhra Pradesh:
58.6% - 63.2% 1

A higher percentage of
| children were anaemic
in NFHS5 than in NFHS4.

Anaemia among all women
increased in India, but
decreased slightly in
Andhra Pradesh.

India: 53.1% - 57.0% 4
Andhra Pradesh:

60.0% —» 58.8% ¢

Anaemia among women

remains higher in Andhra
Pradesh (58.8%) than in
India (57.0%) in NFHS5.

Pregnant women 15-49 years Girls 15-19 years

Anaemia among girls
increased in India, but
decreased slightly in
Andhra Pradesh.

India: 54.1% - 59.1% 4
Andhra Pradesh:

61.1% - 60.1% ¢

A higher percentage

_ of girls were anaemic

= in India in NFHS5, while
- Andhra Pradesh saw

a small decrease.

Anaemia among pregnant
women increased in both
India and Andhra Pradesh.

India: 50.4% - 52.2% $

Andhra Pradesh:
52.9% - 53.7% 4

A higher percentage of

pregnant women were
anaemic in NFHS5
than in NFHS4.

Key takeaways
® In India, anaemia increased among children and all women from NFHS4 to NFHS5,
x4 » * In Andhra Pradesh, anaemia increased among children and pregnant women, and
decreased slightly among all women and girls.

~ * Anaemia among all women in Andhra Pradesh (58.8%) is still higher than in India (57.0%)
- ~ in NFHS5,

* These are percentages of people who are anaemic. They are not percentage-point changes.
For example, an increase from 53.1% to 57.0% is a 3.9 percentage-point increase.

e
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267 | Iodised salt and Anaemia Mukt Bharat

A. Iodised salt and National Iodine Deficiency Disorders Control Programme (NIDDCP)

1962 1992 Goal ’

National Goitre # Broadened and renamed Ensure adequately iodised salt

National lodine Deficiency ; ;
Control Programme gt in every household, with at least

(NGCP) Programme. (NIDDCP)

15 ppm iodine at the consumer

il 15 ppm iodine

(at consumer level)

Why iodine matters e

loedine is essential
for the production
of thyroid hormones
(T3 and T4).

—

IODISED
SALT

Under the Food Safety and

Standards Requlations, 201,
common salt for direct human
consumption must be iodised.

Adequate iodine intake
prevents jodine deficiency
disorders such as goitre,
hypothyroidism, impaired —
mental development and (windpipe)
growth retardation. '

Helps prevent
goitre and

supparts

nm growth
and brain
development

B. Anaemia Mukt Bharat (AMB)

Launched in 2018 6 x 6 x 6 Strategy

to accelerate reduction Six beneficiary groups,

of anaemia across six interventions,

the life cycle. six institutional mechanisms.

Six key interventions

Year-round behaviour-
change communication
and iron-rich food.

Iron and folic acid
supplementatiun as per
programme guidelines,

Testing and appropriate Fortified foods. Addressing non-nutritional
trga:rﬂgnt. b o o 5 o causes, inc uding malaria,
2 haemoglobinapathies and

fluorosis in endemic areas.
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267 | Fortified rice: what is added and why

What is fortified rice? Micronutrients Blend with Delivered through

Fortified rice kemels :
to
Biediarer v b abd added to kernels ordinary rice welfare schemes

specially prepared fortified . iron -

rice kernels. These kernels SRR (2 recommended -

contain added micronutrients. g Y% ¥

When mixed, the fortified N Folicacd o g5 < )

kernels look and cook like S (vitamin B9) L :

ordinary rice, helping people Rl st o %

get important nutrients . Vitamin Biz mliiiid ir;:“%!;‘ ol ortified kerne Fortified rice
i i are mixed with reaches people

through  commonly eaten food. and vitamin Biz erdinary rice through mmﬂ

welfare schemes

The three added nutrients and why they matter How these nutrients help

Iron ‘ Iron, folic acid and vitamin Biz
o Needed to make haemoglobin, which hel ® support the prndu:timl of healthy
red blood cells mn‘y”;gg&n. " o. ® red blood cells. By helping to
T

» Helps address iron deficiency, a major address deficiencies in these

nutritional contributor to anaemia, : nutrients, fortified rice can reduce
. nutritional contributors to anoemia

Folic acid (vitamin B9) in the population.
o Ty i v s kg Important points to remember

* Helps address folate deficiency, which can : : ; e
v D ey " v 4 I:“f mtinfal?: adds only iron, folic acid (B9)
‘, Mo vitamin A or iodine is added in this
Vitamin Biz formulation. g i |

» Needed for healthy red blood cell formation v Fortification helps address nutritional
and for normal nerve function, contributors to anaemia,
* Helps address vitamin Biz deficiency, Fortification is not a cure for every cause
which can contribute to anaemia. x of anaemia. Annemia con also resuii't from
other causes, which need separate attention.

Standards for fortified rice kernels Government decision and funding (dated)

The Food Safety and Standards » Cabinet decision on 9 October 2024:
Authority of India (FSSAI) sets continuation of the fortified rice programme
standards for fortified (enriched) from July 2024 to 31 December 2028.

rice kernels. These standards specify « 100% central funding under PMGKAY

the type and amount of micronutrients Pradhan Martri Garib Kaluan Anna Yojana),
and other quality requirements to { NN B e St

e = Estimated cost: ¥2,565 crore per year
g ensure safety and uniformity (as stated in the October 2024 backgrounder).
How fortified rice reaches people
Fortified rice is supplied through multiple government channels so that it reaches different age groups and communities.

Through TPDS Other welfare schemes Through ICDS Through PM POSHAN
) | | Angmwwﬂi

{icos)
i

£S “ShuilH =
Supplied under the Targeted Also supplied through Provided through the Integrated  Provided through PM POSHAN
Public Distribution Sustem (TPDS)  other welfare schemes Child Development Services {ICDS)  (Pradhan Mantri Poshan Shakti
to ellgible households. to reach vulnerable groups.  for young children, Nirman) for school children,
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®
15 August
2021

Independence
Day announcement

Children in
anganwadis

2021-22
ICDS and

<3>Phase il
2022-23

TPDS and other

welfare schemes
in 291 districts

(4)%0.5& 1
2023-24

Remaini
districts

CEDUniursal
coverage

March 2024

All schemes,
all districts

<6 Continuation
July 2024 -
31 December 2028
Full

Cenrre funded

Why start with children’s schemes?

« Children in anganwadis and school meals were
priariticed because they are a high-priceity
group for nutrition support

= Starting with TCDS and PM POSHAN allowed
a facused and manageable beginning, before
expanding to the wider TPDS and ather
welfare schames.

School students
{PM POSHAN)

267 | Rice fortification: phased rollout

« On 15 ust 2021, the Prime Minister
announced fortification of rice supplied
through government welfare schemes
to improve nutrition, especially among

af e vulnerable groups.
== « The rollout was planned in phases,

starting with children’s schemes and

then expanding to wider public distribution,

» Phase I (2021-22) began with
fortified rice in the Integrated
Child Development Services (ICDS)
for young children in anganwadis.

« It also covered school students
under PM POSHAN (mid-day meal
scheme).

« Phase 11 (2022-23) expanded
fortified rice to the Targrated Public
Distribution System (TPDS) and
other welfare schemes in 291 districts.

» This extended coverage beyond
children's schemes to other eligible
population groups in these districts.

o Phase 111 (2023-24) extended
fortified rice to the remaining
districts, completing the rollout
across the country.

= By March 2024, fortified rice was
supplied through all relevant
schemes in all districts, as stated
in the October 2024 programme
account,

£+ This marks distribution coverage
across the intended schemes and
geography.

31 December 2028

« The fortification programme
continued from July 2024 to

31 December 2028 with full
Fully funding by the Government

Centre funded of India (Centra).

Nutrients in fortified rice

fion Folic acid  Important to note:
(Fe) ((:3)] » Fortified rice containg
}"_’ . tron, folle acid and
J D' - vitamin B12.
"o"i‘l'ﬂl'li!'ll'ﬂ.-.anﬂI a 3 = Mo vitamin A or iodine
(B2) o s odded i this formulation
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A programme and key distinctions

National p

Vitamin A supplementation is a government
public-health programme for young children.

It should be given only through ;

programme sessions, not as sel

Vitamin A deficiency—
key points

Early sign: night blindness

Difficulty seeing in dim light or at night
is an early sign of vitamin A deficiency.

Xerophthalmia: spectrum of eye changes

& o D

Conjunctival  Bitot spots Corneal
dryness  (foamy patches)  drynass

ey

Corneal Keratomalacia
ulceration (soft, meiting cornea)

Severe deficiency can lead to
childhood blindness and increased
risk of infections due to reduced
immunity.

rogramme schedule—not self-medication

100,000 U orally
at 9 completed months,
lnnﬂgd ) usually given with
-medication,

MR (measles-rubella)
vaccine.

SECON dose 200,000 1U orally

at 16-18 months.

Later doses 200,000 U orally
every & months

up to 5 years of age
(total 9 doses)

Twice-yearly Vitamin A rounds may be
coordinated with the Integrated Child
Development Services (ICDS) through
Anganwadi centres and outreach sessions
to improve coverage.

-Wtamm Biz and Vitamin I(— . Flunroﬁis—key disﬁnctinns.

key distinctions
s » Fluorosis is caused by excess intake
Vitamin Bi2 of fluoride, not by deficiency.
o Water-soluble vitamin, » PRisk depends on total exposure
» Despite being water-soluble, it is (from drinking water, food, tea and
stored mainly in the liver other Enurces? not just the Fluoride
{in significant amounts). !euel in water alone.

s Important for DNA synthesis,
red blood cell formation and
neurological function,

Guideline values for
Fluoride in drinking water

(require total-exposure
nurm}

WHO quideline:1.5 mg/L

-~ i
Vitamin Baz
(water-soluble)

{ | BIS acceptable:1.0 mg/L.
stored mainly | b
Liver stores in liver 2 BIS1.5 mg/L permissible
vitamin Bz DMLY in absence of an
alternate source. Not a
Vitamin K universal safety guarantee
» Fat-soluble vitamin. o e
» Essential for synthesis of clotting = =
factors (I, VI, IX and X) in the fiver, High natural Fluoride
s Important for normal blood in some groundwater surces
coagulation and prevention of (e.g. certain geclogicol areas) can lead

h:l BXCESS ||1tqll:£ and fluorasis.

excessive bleeding

i Normal 1 T | T T
E::L:;";:fﬁ*‘ bload clotting it in Eltnl:?trdldwtuter B
with vitamin K {prevents excessive

bleeding)
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How communication satellites work

- At o

8

A relay above Earth = =&

A communication satellite
relays television, radio,

data and telephone signals
between places on Earth.
India’s INSAT, GSAT and &9
CMS satellites work mainly gk
from geostationary orbit.

Whj[ GEO appears fixed

GEO is 35,786 km above

the equator. One revolution L A2 it T § :
takes 23 hours 56 minutes § . dailin N b I N -JQ
4 seconds: one sidereal day. | ey ', ~ g
The satellite appears fixed =
above one spot, so ground
antennas can remain fixed.

GTO is not GEO

The rocket places the

satellite in an elliptical
Geosynchronous Transfer &
Orbit (GTO). For GSAT-11, &
the Master Control Facility
at Hassan commanded the
satellite’s Liquid Apogee %
Motor to make the working %
orbit circular and
geostationary.

eostatfonary Orbit
(GEO)
(circular)

" Geosynchronous :
Y Transfer Orbit (GTO) -
elliptical s o
L ellip

The transponder’s job
Upfink: Earth to satellite.

The transponder receives Uplink \ == ~ Downlink
the signal, chan_ges its (Earth to satellite) ] (satellite to Earth)

frequency, amplifies it
and senzs it back.

Downlink: satellite to Earth. 25

Sources: Day 28 Corrected Notes | Topic 276.
Day 28 | T276 | POL.
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Bands and satellute life
S and C bands

ISRO lists S and C among
satcom bands. INSAT-2A .
car‘rf;:d 2d5-band tranSPOndjrs il g (E ﬁff:d
for broadcast services an o s
12 C-band transponders. S P il 9 J
GSAT-30’s C-band coverage
includes the Gulf countries, |
many Asian countries and
Australia.

]I][ IAS WITH DR RAVI

Extended C and Ku ap e

ISRO names Upper Extended #7&
C band. INSAT-2A carried
6 extended C-band AN
transponders. CMS-01 serves "* % 40 AR
mainland India, Andaman and % 4% lﬂ' N
Nicobar and La.kshadweep in J-m-%ﬁ_ .411‘ m i
extended C. GSAT-T7A, g Extended € band
GSAT-24 and GSAT-BO
use Ku band.

(CMS-01: mainland India, &
Andaman and Nicobar and
Lakshadweep)

Ka and UHF W bed | APPETT unF
e (GSAT-20 / GSAT-N2: .y (Navy names it ‘
GSAT-20 (GSAT-N2) is a

high- throughput for GSAT-7,
Ka-Ka band high-throughput satellite) and press reportsJ
satellite. UHF is not in ISRQO's =

for CMS-03)
cited list of satcom bands;
the Navy names it for

(GSAT-7A, GSAT-24 [
and GSAT-30) .

GSAT-7, and press reports “g $ANG ;n?l?ttfozghput)l :
for CMS-03. W ik

[ { Retirement orbit
Life and retirement - W

ISRO’s communication FAQ = % communicat;;r)n equipment
- 0

gives a mission life of 7 to
15 years, depending on fuel.
At end of life, a geosynchronous (™ operational 3
satellite is moved about geosynchronous orbit A

200-250 km higher and its (mission life:

communication equipment is 7 to 15 years) /,M s 30N Y Sohematic
£ ii V1l ) B ¢ & 2N ‘\‘ (not to scale)

permanently switched off.

Sources: Day 28 Corrected Notes | Topic 276
Day 28 | T276 | PO2
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The INSAT system
Meaning and beginning

INSAT means Indian National
Satellite. The system was
established in 1983 when
INSAT-1B was commissioned.
ISRO calls it one of the
largest domestic communicationgsa
satellite systems in the

Asia-Pacific.

Services across India

Telecommunications, TV
broadcasting, satellite
newsgathering, societal
applications, weather
forecasting, disaster
warning, and search
and rescue. /

' TELEMEDICINE
NODE

Public services in 2025-26

The DOS Annual Report lists
5 DTH operators in the licensed
satcom network and a C-band
DTH earth station serving
Andaman and Nicobar. Around 7
179 telemedicine nodes were ',
operational. BISAG-N received 0=
capacity for 200 educational
channels.

| EARTH STATION il
.| (ANDAMAN & NICOBAR) s
e, sl ...‘-"‘:!IE" e ¥

Who runs it

Under the Satcom Norms, : | COORDINATION
Guidelines and Procedures (2000), V- N COM”TEEEICC) |
the INSAT Coordination Committee " ' | g y 1
(ICC) manages the programme
and determines its policies, with
technical support from its Technical
Advisory Group. The ICC earmarks
capacity for non-government users.

Sources: Day 28 Corrected Notes | Topic 276.
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Fleet counts need a source and date

Pedeinn. -

ISRO’s undated web page ¥ Q N >200 BE
9 operational 4 operational e S0 transponders c ¥

cnati communication B8 Y : _ ded C \
comm:_m:ca.tton et a0 s Exte; !e<
satellites in _ = : and Ku

geostationary orbit,
with more tzan
200 transponders
in C, Extended C
and Ku bands.

communication

17 communication
satellites

satellites operated
from geosynchronous
orbit, as of

June 2021.

The cited FAQ does '
not give a transponder ' -
count. &%

DOS Annual Report 2025-26 §

No |
transponder

ount J
N o

c

-

“); — s
u_..V'---—

19 communication " communication T ' owned and
satellites operating ' &5 satellites il P operated
over India. Of these, & & Ay e 5o by NSIL
12 were owned and T e W TR

operated by NSIL.
Together: 304.5
operatfor:iai ben}&—pipe %y
transponders, plus g : tional [P\ & o
trangponders, pies ollawmm) operston i ot
throughput capacity. _LELE ) transpaders i 5 | P : '

-~

One report, different scopes 2

The same report’s Master
Control Facility section
says it handles 20
communication spacecraft.
Do not treat the figures as ! : . | §
interchangeable. For revision, ¥ L g B ECET S — e
quote 19 satellites and PO PCE 53" - 3 il oy
304.5 transponders with Sl i
the Annual Report 2025-26 .Y .- Y.
source. e SN

communication |
spacecraft

Sources: Day 28 Corrected Notes | Topic 276.
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The early mrlestones
APPLE and the first INSAT % S

19 June 1981: APPLE flew on
Ariane-1 (V-3). India's first
experimental communication
satellite weighed 670 kg and
used geosynchronous orbit.

10 April 1982: INSAT-1A
launched on a Delta rocket;
ISRO records ‘Failed in Orbit’.

The system begins

30 August 1983: INSAT-1B .+
launched on the Space
Shuttle (PAM-D). Its
commissioning established g
the INSAT system in 1983. I

* & - i‘-‘- ! i ~4 | .
Built in India !1 TS
10 July 1992: INSAT-2A '
launched on Ariane-44L H10.
ISRO calls it the ‘First
Multipurpose satellite built
by India’. It began second-
generation INSAT, was

operational from August
1992 and worked at 74° E.

INSAT-2A’s many roles

Payload: 12 C-band, 6 extended
C-band and 2 S-band transponders;
a meteorological data-relay
transponder; a search-and-rescue
transponder; and a Very High
Resolution Radiometer (VHRR).

Weather-image resolution:

2 km visible, 8 km infrared. oot W EREERE S e
' Commumcatwn m’tﬁ;}fﬁo&y . ' Se?g}gugnd
¢-band, S-band) VHRR: 2 km ws:He,
( i ( 8 km infrared) ~ (SAR transponder) )

Sources: Day 28 Corrected Notes | Topic 276.

@iaswithdrravi | www.iaswithdrravi.com Bay 28|| T276:| POS.
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GSAT begins and serves defence
GSAT and education k0 | '

18 April 2001: GSAT-1 flew
on GSLV-D1, GSLV’s first

flight. ISRO's spacecraft list
records ‘Launch unsuccessful’.
20 September 2004: EDUSAT
(GSAT-3), for education,
launched on GSLV-FO1.

]]][ IAS WITH DR RAVI

30 August 2013: Ariane-5
VA-215 launched GSAT-7
from Kourou, French Guiana.
Mass: 2,650 kg; orbital
position: 74°E. Multi-band
coverage spans a wide
oceanic region and the «
Indian landmass. :

| 30 August 2013 -,

T L T

e

The Navy'’s satellite

The Indian Navy calls
GSAT-7 Rukmini and gt
India’s first dedicated

defence satellite. ¢ .

It carries UHF, S, C
and Ku-band
transponders.

GSAT-7A

19 December 2018: launched
on GSLV-F11. Ku-band
coverage over the Indian
region. ISRO calls it the
‘35th Indian communication
satellite built by ISRO’.
December 2018 press reports
identify the Indian Air Force /¥ ;
as its primary user. Patgly 7

GSAT-TA
R 19 December 2018

Sources: Day 28 Corrected Notes | Topic 276. Day 28 | T276 | PO6.
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GSAT-11 and GSAT-30

]][[ IAS WITH DR RAVI

GSAT-11

5 December 2018: launched
by Ariane-5 VA-246 from
Kourou, French Guiana.
About 5,854 kg. ISRO
describes it as the g
heaviest satellite budt 5
by ISRO.

o !

:'ane-s
VA-246

Kourou,
French Gum.nn

Heaviest satellite S
but by R0

Broadband from space

GSAT-11 uses
multi-spot beam
coverage for
broadband services.
Mission life:
15 years.

GSAT-30

17 January 2020:
launched by Ariane-5
VA-251 from Kourou.
Mass: 3,357 kg. It
prowdes C :nd K;.I -ban A4 o= ; i Rseg:ig :!;e
services and replaces ' e € and Ku band N

the services of i = o : ’NS_T‘;,;‘.
INSAT-4A. NS

Coverage and lh‘etime

Mission life:
more than
15 years

GSAT-30’s C-band footprint
reaches the Gulf countries,

Keep ‘heaviest
built by ISRO’
separate from
records for

launches from
Indian soil.

more than 15 years. Keep
‘heaviest built by ISRO’ |
separate from records for &
launches from Indian soil.

Sources: Day 28 Corrected Notes | Topic 276.
Day 28 | T276 | PO7.
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CMS-01 and GSAT-24

CMS-01

17 December 2020: launched % B ¢ o el
by PSLV-C50. ISRO calls it iy | | B
the ‘42nd Communication ““HMl= A

Satellite of India’. It uses
extended C band.
Mission life: 7 years.

Mainland and islands

CMS-01 serves mainland .
India, the Andaman and
Nicobar Islands, and
Lakshadweep. CMS is the
newer naming series:
CMS-01 launched in 2020
and CMS-03 in 2025. r

3 =
Ve, R .
L =

GSAT-24

23 June 2022, 03:20 IST:
launched by Ariane-5
VA257 from Kourou.
The local date at Kourou
was still 22 June. Kbl
Mass: 4,180 kg; Ku band. gt

22 June 2022 ;

_. .“(Kourou) ]!

Demand-driven capacity

ISRO calls GSAT-24 NSIL's  afbeaite WL ok
first demand-driven mission ’ﬁm =
after space reforms. NSIL ~ ZBBCd@® ~7
leased its entire capacity to
Tata Play. Keep CMS-01's &&=
‘42nd’ wordmg distinct from
GSAT-7A's '35th built by ISRO". per,

Sources: Day 28 Corrected Notes | Topic 276.
Day 28 | T276 | POB.
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GSAT-20 also called GSAT-N2

19 November 2024 at
00:01 IST: SpaceX’s
Falcon 9 launched
GSAT-N2 from
Cape Canaveral,
Florida, USA. p o
Mass: 4,700 kg. &g

High-throughput design

A Ka-Ka band 4
high-throughput satellite
(HTS), with 32 spot beams
and 48 Gbps capacity. =
NSIL gives a mission
life of 14 years.

Service and reach

NSIL's second demand-driven :

and in-flight connectivity
across India. Operational
services began in January
2025, according to the DOS
Annual Report 2025-26.

Why a foreign launcher

News On AIR reported on
17 November 2024 that
GSAT-20 was too heavy
for India’s own LVM3.
Earlier heavy Indian
communication satellites had
relied on Arianespace;

this mission used Falcon 9.

Sources: Day 28 Corrected Notes | Topic 276.

Day 28 | T276 | PO9.
@iaswithdrravi | www.iaswithdrravi.com
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CMS-03 also called GSAT-7R
Launch from India A | 2 ﬁt L
2 November 2025: LVM3-M5 ” ' e Y e
launched CMS-03 from
Sriharikota. About 4,400 kg.

ISRO describes multi-band
services across a wide

& N
oceanic region including ’ r',’—
" HARIKOTA

the Indian landmass. SRI

5N | "SPACEPORT

Naval communication

PIB identifies CMS-03 as a
satellite for the Indian Navy.
UHF is mentioned in press
reports. Its transfer orbit
had an apogee of about P
29,970 km, lower than a __sim

standard GTO. ———

The exact record

ISRO: the heaviest

communication satellite
launched to Geosynchronous
Transfer Orbit (GTO) from
Indian soil. This is not the |\
same claim as the heaviest \IEER® /
satellite built by ISRO. Y - _ _ . _ .-

_ Orbit diagram is not to scale.

Keep both records precise
GSAT-11: about 5,854 kg, GST'H ¢

built by ISRO, launched from Q A
French Guiana. CMS-03: - of 1 TR
about 4,400 kg, launched to ol
GTO from Indian soil. The

source notes record all eight = e ~
i i i i | About 5,854 kg, o | 5
highlighted satellites as built by ISRO; :

| 3¢ A e '
operational in ISRO’s list
on 31 October 2026. 4 }iﬁﬁﬁﬁeéﬁ:‘,’{:_ LY

i

 About 4,400 kg, %
launched to GTO g
o from Indian soil. =

N o _ L ——

Sources: Day 28 Corrected Notes | Topic 276.
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NSIL and launch choices

NewSpace India. Limited #% '

NSIL is a Government of
India company under the
Department of Space and *%§
ISRO's commercial arm. Its *
mandate includes building g
and launching satellites
as per demand.

NewSpace
Jndia lelted'

The demand-driven model x e o

Users ask for capacity; a BB 5o G A
satellite is built for that _Users ﬁ /j '
demand, and NSIL owns or E,)) ES NSIL Py

leases out that capacity. é - P, A
GSAT-24 was ™ . o
the first post-reform mission, g g
entirely leased to Tata Play, 8% &
GSAT-N2 was the second, §
for broadband and in-flight{!

connectivity.

Dated fleet share

The DOS Annual Report
2025-26 says NSIL
owned and operated

12 of the 19 communication
satellites operating

over India.

" GSAT-24
(leased to
Tata Play)

GSAT-N2
M (broadband and
in-flight

connectivity)

communication
satellites
operating
over India

Mass and orbit both matter

Earlier figures gave GSLV

GTO

£ 4 1 SRR b -~ 5 - (Geostationary
2,250 k_g and LVM3 4,000 kg . . T v 4 -, ~ Transfer Orbit) /.
to GTO. ISRO's December 2025 A b N\ Ay
LVM3-Mé page gives 4,200 kg i Yol ; R e

to GTO. Do not treat 4,000 kg

as an undated current ceiling. GSAT-11: 5,854 kg

GSAT-11 (5,854 kg) and F Iz : (flew abroad)
GSAT-20 (4,700 kg) flew abroad;’ 4%% GSAT-20: 4,700 kg
CMS-03 (about 4,400 kg) used ﬂ Py af et (fitw alinoad)
a lower-apogee GTO. ¥ to GTO I : “2"'2""'5;1“:) : CMS-03: about 4,400 kg
: : ' i ' (used a lower-apogee GTO
(carlier figure) § (rsggaoirgozs ﬁ e )
& o i l*h Sl Sas
Sources: Day 28 Corrected Notes | Topic 276. Day 28 | T276 | P11.
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Two palicg milestones

The Government approved
the Satcom Policy
framework in 1997 and _§
its norms, guidelines and 9
procedures in 2000.

The ICC manages the
INSAT programme.

Indian Space Policy 2023 s
Non-government entities may S
offer national and international %
space-based communication
services using their own,
procured or leased satellites.
IN-SPACe authorises the use
of space objects for
communication services to

or from Indian territory.

e

Weather members of INSA

INSAT-3D: 26 Ju[y 2013, '
Ariane-5 VA-214.

INSAT-3DR: GSLV-F05, 2016.
INSAT-3DS: 17 February 2024, =%
GSLV-F14.

These meteorological satellites
are covered in Topic 817.

Connect the topics C7GE0 | [ 17: GSLV

7: GEO and GTO. [ and GTO | _and LVM3 /" 87: NavIC |

17: GSLV and LVM3. . T . B ravigation

87: NavIC navigation satellites, "= = \ satellites,
partly in GEO. | 676 \ | partly in GEO

177: APPLE and early INSAT. | EDUSAT | \ %

567: Earth observation.

607: space reforms, IN-SPACe ("177: APPLE |

and NSIL. " 607: space - “and early
676: EDUSAT. . reforms, e GELNSATE
Remember: transfer orbit is not IN-SPACe | | 567: Earth | R
working orbit; distinct ‘firsts' and | and NSIL 3 ' observation |
dated fleet counts must not be mixed. =~ e o 3
Sources: Day 28 Corrected Notes | Topic 276. Day 28 | T276 | P12
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What an energy policy tries to achieve

Security and
independence

Access at
affordable
prices

Four objectives

NITI Aayog’s draft National
Energy Policy, released in
2017, identifies access at
affordable prices, security
and independence,
sustainability and
economic growth.

Access and securi’c\y_

Households and businesses
need reliable energy they
can afford. Security requires
less exposure to supply
shocks, including dependence B\ I S
on imported oil and gas. ¥ 7 4%

Sustainability and growth | Af
Cleaner energy and lower on T S ' <
emissions support sustainability. S
Supply must also keep pace :
with a growing economy.
These objectives can involve
trade-offs in price, reliability 352 .
and environmental impact. — SESS=———

Three similar names

NITI Aayog prepared the draft
National Energy Policy covering
energy broadly. Under the
Electricity Act, the Central
Government prepares the
National Electricity Policy and
Tariff Policy; the Central
Electricity Authority prepares
the National Electricity Plan.

National
Electricity
Policy

Sources: Day 28 Complete Content Pack | Topic 277
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Installed capacity on 31 July 2026

The non-fossil mix
Solar
Solar: 164.59 GW. 164.59 GW

Wind: 58.14 GW.
Large and small hydro:
57.24 GW.

Bio-power: 11.75 GW.
Nuclear: 8.78 GW.
Total non-fossil P g

capacity: 300.50 GW. % .. Rl i

Large and small hydro
e

o i v
LAY s
v -, i v *
y

Share and target

All-source capacity was about 552 GW, so non-fossil sources held over
54%. The remaining fossil capacity was approximately 251.5 GW, calculated
from the rounded total. Non-fossil capacity had passed 60% of the 500 GW
target for 2030.

Earlier comparison dates

Total installed capacity rose from 249 GW in 2014 to about 552 GW in
July 2026. On 31 March 2026 it was 532,740 MW, with 283,468 MW
non-fossil, or 53.2%.

Read the units

One GW equals 1,000 MW. Non-fossil includes nuclear and large hydro as
well as other renewable sources. It is broader than renewable capacity alone.

. . L
- — s \ .
o T e —— | 5
R e . e T -
= .h'.%“'a — P e e - """ﬁ G
g R B g o —— ¢ W
o i © = T . M - SRS
5 o ) 2
L T —————— e A ﬂ - ‘.
? s s e R T ol S~ 1
55 oo L T T PSR e Ve g R e pe =) RO\ e
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Capacity, generation and import dependence

Capacity is not output

Installed capacity measures
potential generating power.
Electricity genemtlon
measures energy actually
roduced. Solar and wind
avmlabrh’cy varies, so a
capacity ‘share is not a
generation share.

Dated coal comparisons

MoSPT placed coal including
lignite at about 59% of
primary energy supply in
2024-25. CEA figures put
coal at about 69.6% of
utility generation in 2025-26.
A PIB factsheet of 13 August "

2026 instead used about 55% | MoSPI (2024-25) |

Installed capacity
(potential power)

of primary needs and over | Coal (incl. li m’ce)
70% of generation. | about 59% of
pnmary energy

, 5“PP )‘

.

Coal production

Production was 1,047.52
million tonnes in 2024-25 :
and 1,040.08 million tonnes &g_:-
in 2025-26. Keep these &
physical-output figures
separate from electricity
shares.

Imported fuels

A July 2026 Ministry
account put crude-oil
import dependence near
88 5%. Imported gas .
pplied 46% of consumption =
in 2023 24. Dependence
figures need thenr fuel
and year attached.

Crude ol

near 88.5%
(July 2026)

Sources: Day 28 Complete Content Pack | Topic 277

Import dependence:

Coal: about

‘ 69.6% of
utility
t genemtmn

x’

i f_]ﬁ;_(zozs—iéf\.

LR

Electricity lene.ra’cion
(metered output)

i PIB Factshee’c K‘
(13 August 2026) | |
Coal: about 55% |
. of primary needs |
| c[, over 70% |
of generation

@iaswithdrravi | www.iaswithdrravi.com

b

2024-25 )
1,047.52 million

tonnes !
=4

2025-26
1,040.08 million
tonnes

,_drte& gﬁ —
46% of consumption
(2023-24)
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Panchamrit at COP26

Glasgow, 1 November 2021 = = |

The Prime Minister’s national
statement announced five
commitments called Panchamrit.
They should be distinguished
from the later wording of the
updated NDC.

Capacity and energy

The commitments included
500 GW of non-fossil
capacity by 2030 and
meeting 50% of energy
requirements from o
renewable energy by 2030.

Emissions and intensity

They also included reducing total projected carbon emissions by one billion tonnes
up to 2030 and reducing the economy’s carbon fntensffi. The later updated NDC
states the intensity goal precisely as a 45% cut from the 2005 level.

A

/
500 GW y
non-fossil | met 50%
CaPaCity = /, ﬂf‘ .energy J
by 2030 / f‘ requirements

—_— .

Reduce total™ ,_
 projected carbon \

. emissions b

ST

-\one billion tonnes N\\&LS T Fr::'le:;;eg:ble
to 2030 ., QD -
\'?fP ‘_}, o A/ 4 ﬁ 2030 ~»
e S { & g sl
R ok . & Reduce the / —
e/ economy’s | I
el &7 carbon in¥ensh‘: = / =

[ (45% cut from the .
/2005 level in the
—_updated NDC)

-

. i T 5
<~ Panchamrit
. (Five commitments)

R T

Net zero

India committed to net zero by
2070. This is a different target
year from 2030. Do not change
a long-term net-zero commitment _
into a claim that all fossil :
energy ends in 2030.

Sources: Day 28 Complete Content Pack | Topic 277
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The updated NDC of August 2022
What an NDC is

A nationally determined *
contribution is a country’s
climate pledge under the
Paris Agreement, submitted
to the United Nations
Framework Convention on
Climate Change.

]III IAS WITH DR RAVI

Two central 2030 3oal |
—~

 Cumulative installed )

India’s updated NDC targets ( Emrss:ons mtensn’cy

a 45% reduction in emissions of GDP | o e
intensity of GDP from 2005 | ‘ 45 / s

and about 50% of cumulative ‘ S realiclion

installed electric-power 638 | Base: 2005 i

capacity from non-fossil
resources by 2030.

Slﬂk aﬂd '.l'FeStyle : Adafd:tonai Carbon sink :lr _LIFE
~ 2.5-3 billion fonnes | Lifestyle for

‘a0 of carbon-dioxide .o | 47 Enwronment s

£, eqrftwalnt

It also includes an additional
carbon sink of 2.5-3 billion
tonnes of carbon-dioxide

equivalent through forest

and tree cover, and a mass 4§
movement for LIFE, Lifestyle
for Environment,

Panchamrit’s renewable
share of energy requirements
and the NDC’s non-fossil
share of installed electric
capacity are different
formulations. Energy
requ:rements electricity >
capacity, emissions intensity =
and absolute emissions are %
not interchangeable measures. L,

er
E:q u?l’%me nts

M
v
.
v

Electrlc:ty

ca pac:

EMISSIDHS
intensity

Absolute
emissions

Sources: Day 28 Complete Content Pack | Topic 277
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The National Green Hydrogen Mission

Approval and funding

The Union Cabinet approved
the Mission on 4 January
2023 with an outlay of
219,744 crore.

The 2030 capacity goal .

The aim is at least five
million metric tonnes of R ;
green-hydrogen production ( P Electroi & } ( Hydrog_e;\
Ca&?’ty . year“_b y 2030.' | electricity (produces . storage
M means million metric (solar wmd)J green hydrogen (H )

tonnes, not megawatts.

Associated aims

The Mission envisages about 125 GW of additional renewable capacity, avoidance
of nearly 50 MMT of greenhouse-gas emissions annually and savings exceeding
1 lakh crore in fossil-fuel imports.

(" About 125 GW of )  Avoidance of nearly !'/ Savmgs exceedmg )
. additional renewable | 50 MMT of greenhouse- | 21 lakh crore in |
~ capacity || gas emissions annually | fossil-fuel imports |

Dated progress

About 8,000 tonnes per year of production capacity was operational by February
2026. Keep operational progress separate from the five-MMT target and its
2030 deadline.

-
/

{ Operational progress

- About 8,000 tonnes per year At I?Sf 5 Mi‘l’"g per year
| of production capacity oT green-nyarogen

production capacity

| by February 2026 | by 2030

l\,%— 1 o il Pl T e __/ I'\ Sy S : M ; __,/I

R Target

Sources: Day 28 Complete Content Pack | Topic 277
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Biofuels and offshore wind

Biofuels policy

a4 ) o (| Ethanol
The National Policy on Biofuels /#. R | Blending

dates to 2018. Cabinet NV DAY\ e
amendments approved on X ) AVl "Ill ;‘-a
18 May 2022 moved the A\t ARl '
20% ethanol-blending target 1§
from 2030 to ethanol supp[_y o
year 2025-26. ,

Other changes and progress

The amendments widened permitted
feedstocks, allowed exports in specified

cases and added National Biofuel
Ethansl + Petrol —>| E20 Coordination Committee members. The

(20% Petroleum Ministry stated on 8 August 2025
. (20%) f (80%) ethanol etroleum nis Fy stated on uﬂus
. blend) that the 20% blending milestone had been
Cj S S—"  schieved.

Offshore wind policy

The National Offshore Wind
Energy Policy was notified
in 2015. On 19 June 2024,
the Cabinet approved a
¥7,453 crore viability-gap-
funding scheme.

Projects and ports o
Z6,853 crore was allocated _ &" [ J

Off Tamil Nadu: |
500 MW J

for one GW of projects, Ogo%u-’;;:
500 MW each off Gujarat

and Tamil Nadu. T600 crore
was for upgrading two ports. TFmlREHee /1l .
These are approved project To< g Rl e
allocations, not a claim that HEREE= — =
all capacity is already

operating.

PR )

Sources: Day 28 Complete Content Pack | Topic 277
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Nuclear targets and small modular reactors

Budget 2025-26

The Nuclear Energy Mission
for Viksit Bharat was
announced on 1 Februar
2025. It seeks at least
100 GW of nuclear
capacity by 2047.

The starting comparison

Nuclear capacity stood at
8.78 GW on 31 July 2026.
The 100 GW figure is a
future target, not current
capacity.

“ | Installed
: ';.' capacity

SMR research mission

The Budget provided an
outlay of 20,000 crore S
for research and development ¥Egss

of small modular reactors. &
It aims to have at least

five indigenously developed & g I
SMRs operating by 2033. AN eSer Rl

Law and policy

The Budget announced
changes to the Atomic
Energy Act and the
Civil Liability for Nuclear g
Damage Act. The later
SHANTI Act enacted a
new framework, but
commencement of its
provisions must be
distinguished from

announcement and assent. .

Sources: Day 28 Complete Content Pack | Topic 277
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SHANTI Act: enactment is not commencement

Name and assent

SHANTI means Sustainable
Harnessing and Advancement
of Nuclear Energy for
Transforming India. Parliament
passed it in the Winter Session
of 2025; presidential assent
followed on 20 December 2025
as Act 39 of 2025.

SHANTI Act [
Act 39 of 2025

The enacted framework 2l T o

It provides for licensed
private-company and
Joint-venture participation
in building, owning and
operating nuclear plants,
and statutory status for
the Atomic Igner y
Regulatory Board.

Repeal provisions

The enacted text provides
for repeal of the Atomic
Energy Act, 1962 and the
Civil Liability for Nuclear
Damage Act, 2010. This
describes the legislative
framework, not proof that
every repeal has taken effect.

Section 1(2)

Commencement requires a
notification, and different
provisions may begin on
different dates. Assent alone 2=
does not establish that every 558
provision, repeal or operational =5
permission is already in force. “-

= (on such date(s) [METS
as notified) (M

.....

Legislative sequence
"

Notification

— z i
Lok I
Sabha ) i s

e

‘E
b s

Private-company/

Passe by Presidential assent Commencement et :
Parliament (20 December 2025) (on such date(s) %‘::ze:;"i?t‘:j :Ej;ﬂ;z
(Winter Session, 2025) Act 39 of 2025 as notified) Act, after commencement)

Sources: Day 28 Complete Content Pack | Topic 277
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Electricity (aw and energy efficiency.

Electricity Act, 2003

Assented to on 26 May 2003,
it replaced the Indian
Electricity Act, 1910,
Electricity (Supply) Act, 1948 il
and Electricity Regulatory e
Commissions Act, 1998.

Licensing_distinctions

Generation is delicensed. A hydro
scheme above a cost threshold
set by the Central Government
requires CEA concurrence.
Transmission, distribution and
trading require licences, and
transmission permits open access.

| [ Distribution

il - & & . ey 1 : -4“-* = : - ol -
" Delicensed | [ Licence required - I W s e
[ - J ( Licence required ) ( Licence required 1

(open access)

Institutional framework -

State Electricity Regulatory i
Commissions are compulsory S
and State Electricity Boards

are to be unbundled. The
Central Government writes
the National Electricity Policy

and Tariff Policy; CEA prepares National | g [ National |
'H'le Nﬂﬂﬂﬂdf- E‘ﬂctﬁdty P{dn. . & “_-l- Efecfr.'mty R, s Al Electﬁdfy i ‘.:

Pt Policy ~ Hes
Bureau of Energy Efficienc

BEE was set up on
1 March 2002 under the

Energy Conservation Act, 2001. Bureau of

Its primary aim is reducing - Energy

the energy intensity of the 0| Efficiency | Energy
Indian economy. . T Efficiency

Sources: Day 28 Complete Content Pack | Topic 277
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Storage and the sequence of targets

Why storage matters

Solar output is unavailable 3 o oene ¥ -
after sunset, and renewable =YL NSk e A
production varies. Storage
helps align electricity
supply with the timing

of demand.

Floating solar with storage s S i
PM Surya Sarovar Yojana was
approved on 31 July 2026 with
¥5,070 crore. It aims for
5,000 MW of floating solar
paired with storage Pasting
at least two hours. Approval
is not completed instarla’tion.

N

Keep the years straight

2030: 500 GW non-fossil €
capacity, about 50% non-fossil |
installed share, 45% GDP
emissions-intensity reduction
and at least five MMT/year
green hydrogen. Ethanol
blending uses ESY 2025-26;
SMRs 2033; nuclear capacity
2047; net zero 2070.

Nuclear
capacity
2047

=
2030
500 GW non-fossil;
~50% non-fossil share;
45% GDP emissions-
intensity reduction;
2 5 MMT/year
| green hydrogen

=

- B e T

The policy sequence

The 2001 and 2003 laws built institutions. Offshore wind followed in 2015, the draft

energy policy in 2017 and biofuels policy in 2018. Climate commitments from 2021 were
followed by fuel-specific missions and storage programmes.

_‘30:%03 2015 ] 2017 .2013 ("2_62'1_'__\ Fl..xel.-specifij
s pak | Offhore ) Draft 3 pifuls (> Cimate 3| "
. r 3 | .
institutions NEd ji epnjigg L policy commitments programmes

Sources: Day 28 Complete Content Pack | Topic 277
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A thin shield high above Earth

Where ozone is concentrated Altitude above °
surface (km)

About 90 per cent of atmospheric A
ozone lies in the stratosphere.

The dense ozone layer is roughly —gg | __—————-—~"====-—-_ __ " (10-50 km
15-35 km high. Broader Ozone layer | (broader
descriptions use 10-50 km or i description)

about 15-50 km because they
include different portions of the
ozone distribution.

What it does | i
Ozone absorbs much of the T\ radiation

| =\ \ ially UV-B)
Sun’s ultraviolet radiation, ' \ (especialy
especially UV-B. This protects 2 NS T e

life below and helps explain i s ) i

e - PN
why stratospheric temperature .« ,ﬁ -

rises with height. Ozone is also
a greenhouse gas.
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r I ;

0 . O %) One Dobson unit
One Dobson unit, DU, is the mofiﬁes | o & (DU)
number of ozone molecules (0,) !’ob & = number of ozone |
6%
o %

The Dobson unit ok ,-f————-——_—u W

¥ " molecules needed |
needed to form a pure-ozone b

of pure ozone

|

layer 0.01 mm thick at 0°C |
and one atmosphere pressure. :
|

|

:. e = PR P |

5 at 0°C and
This is a compressed-column 1 atmosphere
measure, not the physical ; pressure.
thickness of the stratospheric I ( S
region. .

A surprisingly small amount

An average column of about P D Under reference
300 DU would form only about [s %) conditions

3 mm of pure ozone under those R (0°C and 1 atm)
reference conditions. Keep &@ =
kilometres of atmospheric altitude oo N I
separate from millimetres of D o

compressed ozone. Both describe

i Tmm N
the same shield in different ways = I

: / 2 300 DU (pure ozone)
ir};;t hﬁ;iﬁdnctory estimates of | (average mlumi A _

Sources: Day 29 Source Index | Topic 287
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How chlorine and bromine destroy ozone
Chemicals that reach the stmtosphere ‘H N\ Qifmwafef _J""

l: ht
CFCs are stable in the lower = , /s Chlorinel
atmosphere and survive long Stratosphem T —> 0 (cl)
enough to reach higher layers. : - .
Stratospheric ultraviolet light
breaks them apart and releases
chlorine, which participates in
ozone-destroying reactions.

The controlled substances

Ozone-depleting substances
include CFCs, halons, carbon
tetmchlomde., meth ( chforoform Cata tic ozone fass

methyl bro:mde, HCFCS HBFCs schgmatgc)

and bromochloromethane & m
Chlorine and bromine chemistry m

together account for a large & —_— m

share of ozone loss.

Consequences at the surface

More UV-B can cause skin

cancer, sunburn and
remature skin ageing;

cataracts and blindness;

and weakening of the Skin cancer, S Cataracts Weakening of
. ¢ and premature. and the tmmune
immune system. Crops, skm ageing blindness system

plankton and young ﬁsh
are also vulnerable. *

Young ﬁsh »

Ozone and climate are connected

CFCs and HCFCs are greenhouse
gases as well as ozone-depleting
substances. That does not mean
every greenhouse gas destroys

ozone. The chemical action causing
ozone loss and the warming CFCs \ ) ; ? Warming

Ozone loss
(ozone layer)

AT

influence of a gas are separate (greenhouse
properties that may coexist in the and HCFCs effect)
same substance.

Sources: Day 29 Source Index | Topic 287
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Why Antarctica develops an ozone hole

Winter ESOIGtion R B Polar vortex ; Durmg winter:
-l v : . . dark and
A polar vortex, a circling NS (. N isolated

system of stratospheric
winds, isolates Antarctic
air during winter.
Darkness allows the
trapped air to become
extremely cold.

C(oud Chemis'try_ Altitude: about 15-25 km |

Reactions on
above Earth’s surface .

7 their particles

Polar stratospheric clouds Polar stratoipherit SR ot il

form at about 15-25 km > clouds «hmlW chlorine into
when temperatures fall (be[ow -78°C) . active forms,
below minus 78°C. XY _ Wi

Reactions on their particles
convert stored chlorine

into active forms. «*f,;mﬂ' PR -

— = = _ -_ < . sodai
Spring_destruction m sunlight
Returning sunlight releases (ultraviolet) e |
reactive chlorine through .; g /7
/ At the starf oF

ultraviolet-driven chemistry.
Ozone destruction accelerates

at the start of southern spring, - Actwg " Ozone “ "' southern spring |
during August-October, until chfarme # destruction 1 (August-October)
the vortex weakens. The winter eV (“‘Ce ler m‘;es) , ‘ﬁ until tklf vortex
preparation and spring sunlight T WEaREns.
are both necessary parts of M JM;&& : . 7 "ﬁ}" iﬁi%:'&w"*
the explanation. - il 0 hn oA

P A Antarcttc.f_ e
A low-ozone region, not a gap o T

3 (€220 DU)

NASA Ozone Watch defines the
Antarctic ozone hole as the area
with total ozone of 220 DU or less.
Values below 220 DU were not
observed before 1979. “Hole”

(a low-ozone region, | Total ozone

}_ not empty of ozone)|  (DU)

therefore describes severe thinning, 220 DU
1 irel 4 and less
not a region entirely empty of ozone (ozone hole)

Its size and depth vary with
stratospheric conditions.

Sources: Day 29 Source Index | Topic 287
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Ground measurements revealed the [oss

Halley Bay’s record e orire

The British Antarctic Survey 7 "«’\ 3

measured ozone at Halley Bay
from 1957 using a Dobson
spectrophotometer. A long
ground-based record made S
the seasonal change detectable. IS

_ Dobson
AT :‘ﬂ ‘k\*\- spectraphotometer

(ground instrument)

The discovery paper — e
J.C. Farman, B.G. Gardiner and 1985 o Nature i
J.D. Shanklin published the =3 Ear 7 3 : [ i
first paper on Antarctic : / man e Gardiner Shanklin
springtime ozone losses in
Nature in 1985. The initial

Pubiished discovery did not
come from satellites.

Antarctic springtime ozone loss

The satellite contnbutwn F o : k<l data

In 1986, NASA scientists (1986, NASA)
used satellite data to

establish that the hole was *

a regional-scale Antarctic Established that
phenomenon. Ground the hole was a
measurements identified regional-scale
the loss; satellites showed Antarctic

its broad extent. phenomenon.

World Ozone Day

16 September commemorates
the Montreal Protocol agreed
in 1987. The UN General

Kigah

. 15 t 2
: spmmer Amendment

Assembly proclaimed the
International Day for the 0 WOF%
Preservation of the Ozone Layer 20ﬂ€ ay

on 19 December 1994. The 2026
theme is “Global action for a
cooler planet”, marking ten years
of the Kigali Amendment The
commemoration links ozone
protection with the continuing
climate benefits of action.

Sources: Day 29 Source Index | Topic 287
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Vienna provia(es a framework Montreal adds controls
v Montreal Protocol

Agreed on 16 September
1987 and in force from

1 January 1989, the Protocol
on Substances that Deplete
the Ozone Layer establishes
binding controls on production
and consumption of ozone-
depleting substances.

Vienna Convention

Adopted on 22 March 1985
and in force from 22 September .i”
1988, the Convention ﬁfr the : !,“
Protection of the Ozone Layer
promotes systematic observation,
research and information
exchange. It did not itself
require control actions.

Vienna: framework for )\
~ observation, research and |
 information exchange

anna Montreal : on Productlon -ﬂﬂd |
22 March || 16 September consumption of ozone- ‘
1985 J 1987 J depletmg substances j

- Sk = o

“In Forcf’- In force | 38
Vienna: Montreal: | of

_ (22 September|| 1 January | 7| 4 =
. 1988 L 1989 (& 4 . i U
¥y )

Adoptton _;ﬁ.do.ption: { Montrea! binding controls )

Universal participation

On 16 September 2009, Vienna
and Montreal became the first
treaties in UN history ratified
by every country. Vienna is
also described as the first
convention of any kind to
achieve universal ratification.

" Ratified by
 every country

(16 September
| 2009)
T

J

Amendments and adJustmen’cs

Five amendments expanded the / Amendments ?
regime. Adjustments can accelerate t (Five)

agreed reductions and appl 4 th
automatically to all Parties. ex]?ec;}m ¥
Keep the mechanisms distinct. /-—- el
Also separate adoption from
commencement: Vienna and Montreal ‘ AAJUStments \)
were adopted two years apart, in

= S

Accelerate /|

can accelerate agreed

agreed reductlons

o
-

1985 and 1987, but entered into J' and apply re:ductmf'ls ¥
force one year apart, in 1988 automatically R
and 1989. | to all Parties

Sources: Day 29 Source Index | Topic 287
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ondon and Copenhagen widen the con’crols
London, 1990

The Second Meeting of the il

Parties, held in London from Lkl 8 ' i 2.0 ¥
27-29 June 1990, agreed  #d=ive i -,'uq E}!rli FRIEETETET e = R Rediay
the London Amendment. It ] o / N Added: ) | -
added carbon tetrachloride, ===== .’“ London e carbon H =i
"m': / tetrachloride i =
methyl chloroform and ten "~ Ameﬂa'ment il chloroform 8 =
g _ | © methyl chloroform (N~ =~
addifisnat PGS, *«” ;_. o ten additional "k*\ .
ekl CFCs s

e =1

Paying_incremental costs

The same meeting established
the Multilateral Fund. It covers
the extra costs developing
countries incur in complying
with the controls. These countries
are called Article 5 Parties,
after the Protocol provision
allowing them more time.

Copenhagen, 1992

The Fourth Meeting, held
from 23-25 November 1992, &
agreed the Copenhagen
Amendment. It brought
methyl bromide, HBFCs B — - <2
and HCFCs under control. =i *Fa=sr letens Sl

Covers extra costs
of complying
with the controls

.'Mufﬁfaferal'} et R s
I Fund = »* Artlcle 5 Partaes

_' .-@ (dgvg[opmg counfr!eS)

j Y Added
/ C@fﬂﬁf‘ﬂeﬂ under control:

. Amendment e methyl bromide
o HBFCs

e HCFCs

|

Implementation matters ., - | Lyl

Copenhagen also agreed the
non-compliance procedure and
established the Implementation RN -
Committee. Addlng substances, | S : Implemgntatmn x5
financing compliance and e - Commnttee
checking implementation are pores

different functions of the

treaty system. The years 1990 " Functions of the treaty system
and 1992 identify the meetings il B eeh)
that adopted these amendments; i v v

s i entry ntocforce | _Addmg | [ Financing )" Checking |
dates. L substances & compliance | | implementation .
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Licences further controls and thah

Montreal Amendment, 1997

The Ninth Meeting of the Parties,
15-17 September 1997 in Montreal, T4
introduced licensing for the import 3
and export of ozone-depleting ¥
substances. It strengthened the
control of trade, rather than

creating the original Protocol anew. £

zonﬂ'dep [etlﬂﬂ :
substa nces \

Beijing_Amendment, 1999

The Eleventh Meeting, held from
29 November to 3 December 1999, s
brought bromochloromethane under ~ A
control and added further controls *A%YB
on HCFCs. :

Kigali Amendment, 2016

The Twenty -Eighth Meeting was
held in Kigali, Rwa.nda, from
10-15 October 2016. The Amendment %
was agreed on 15 October to phase
down HFC production and
consumption.

When Kigali_began

Kigali entered into force on 1 January 2019. The condition of twenty ratifications
had been met on 17 November 2017. The regime’s five amendment names are London,
Copenhagen, Montreal, Beijing and Kigali. A treaty amendment’s adoption, ratification
threshold and entry into force are different milestones, each with its own date.

& 1 7 2 4B
Kigali Amendment Twent W
? (‘3‘5'" eed) rati'ﬁcati?;ns \ Entr‘y into force
' ‘ - A =

I January

R e, o 2 ‘ 2019
r * i -IIEII 4"'_ —— - v g
Q5 October 2016 o L 17 November 2017 - Fpd
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HFCs spare ozone but warm the planet
Why HFCs entered use

Hydrofluorocarbons replaced
ozone-depleting substances.
They do not deplete ozone,
but they can be powerful
greenhouse gases. UNEP gives
HFC global-warming potentials

Can be

ranging from about 121 to Owefu(s
reenhouse

about 14,800. | Sgases
v / (warmmg)

Kigali brings HFC production |
and consumption under the
Montreal Protocol. It is an . Montrea! . KI ah

amendment to Montreal, not to ,

the Kyoto Protocol or the ~ Protocol ‘"* (;""fm':fe”ﬁ )
UN Framework Convention y : ;
on Climate Change. 7

The climate connection e Eﬁ!

greenhouse gases not controlled
by Montreal, while Kigali adds _ 2
a specific HFC phase-down -

within the ozone regime.

HFCs are also among the Kyoto X | Kyoto
Protocol’s six gas categories. | | Protocol:
The overlap does not turn HFCs 7| (@ZZS&Il -~ "_ e ||
into ozone-depleting chemicals. *% I{‘IFC == o Srﬁg;gaiﬁ

T ran B I | |
Kyoto's framework concerns !(‘ "_Bi i i = six gas

~ categories.

Expected warming avoided

0.3-0.5°C of warmin e
The 2022 scientific assessment avoided by 2100 2 DIStmﬂEEh'*
estimates that Kigali can avoid (excluding HF(‘,-23 gmssmns) e a gas's
0.3-0.5°C of warming by 2100, | 9zone- dePiet"’“
excluding HFC-23 emissions from . | effect,
that estimate. It is a phase-down, | o warming
not an assertion that HFCs | potential,

immediate[y disappear. Distinguish
a gas's ozone-depletion effect,
warming potential and treaty—
control schedule,

J e and treaty-
control

schedule. |
(PSR, S L D
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Kigali schedules differ by group

Most developed countries

For most non-Article 5

Parties, baseline years are
2011-13, with no separate {4 Tiie
freeze. Cuts below baseline ARl PR

are 10 per cent in 2019, (most developed)
40 in 2024, 70 in 2029,

80 in 2034 and 85 in 2036.

b T P

2034: 85%
2029: 80%  reduction
2024: 70%  reduction

2019: 40% reduction

[WT 10%  reduction
2011-13 | reduction :

Most developing countries .

Article 5 Group 1 uses a
2020-22 baseline and a -~ 4 g
2024 Freeze.. Cuts are Arficle 5 GFOUP 1 s

10 per cent in 2029, (most developing) 2040: 0%
30 in 2035, 50 in 2040 2035:  50%  reduction
d 80 in 2045 . 30%  reduction
v : Baseline: | Freeze: 10% reduction
2020-22 | 2024 reduction i

" [ Article 5 Group 2 members: |
p | India, Bahrain, Iran, Iraq, |
It | Kuwait, Oman, Pakistan,
(1l | Qatar, Saudi Arabia and
. | the United Arab Emirates.

-; Baseline: Freeze: |
e | 2024-26 2028

India’s group
Article 5 Group 2
comprises India,
Bahrain, Iran, Iraq,
Kuwait, Oman, Pakistan, =
Qatar, Saudi Arabia
and the United Arab £488
Emirates. Its baseline

is 2024-26 and
freeze year 2028. = T

Group 2 reductions  Article 5 Growp 2 047
Cuts are 10 per cent in 2032, Wdis ghosty) 2037: 30% regfc?;{i)on
20 in 2037, 30 in 2042 and - 2032: 20%  reduction

; ; Baseline: | Freeze: | 10%  reduction
85 in 2047. The treaty Bk s et reduction
expresses the final limit as £hed= >
15 per cent of baseline
remaining, which equals an FETT) —= __:"-—)
85 per cent cut. Always label 85% cut o 15% remaining | _ remainin
whether a number is the reduction | (reduction) ‘ = (share still ‘ - (share still

permitted) |

or the share still permitted. I _permitted)

e
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India’s ratifications and domestic rules

Joining_the agreements

India acceded to Vienna on
18 March 1991, and to
Montreal and the London
Amendment on 19 June 1992.
Accession to Copenhagen,
Montreal and Beijing
Amendments followed on
3 March 2003,

50 K ah l
A (ratification) | 2021 18
5 Copenha en,
oz ; “i Moﬁtrea[gand
. Beijing Amendments,

S
o b

'“2003 :

Monfreal and
London Amendmenf

Vienna
_ (accession)

Kigali ratification T

The Cabinet approved
ratification on 18 August 2021;  t—
India ratified on 27 September Treaty, UNEP schedule 4 = =
2021. The 2021 Cabinet release [ and 30 November 2016 |

il o i

Treaty clarification

listed an 80 per cent final cut Cabinet release:
in 2047, whereas the treaty, 85 per cent

UNEP schedule and 30 November )
2016 Cabinet release give 85 per 2021 Cabinet release:
cent. Use 85 per cent for the 80 per cent

treaty schedule. o

Domestic controls

The Ozone Depleting
Substances (Reguiat:on and

| Ozone Depleting |

Control) Rules, 2000 were | Pro’cecflon)
made under the Environment (S# (Act 1986 Substances %
(Protection) Act, 1986. They [IFk (Regulation an

banned CFCs and halons in e | | Control)

new equipment by 2003. The (S 4 . | Ples, 2000 &
2014 and 2019 amendment = [EE || 43
rules used the same Act. E E;_ e

Implementation

MoEFCC's Ozone Cell handles
control schedules, the HCFC |
Phase-out Management Plan and |1k
the India Cooling Action Plan. |
India phased out CFCs, carbon |8
tetrachloride and halons for
controlled uses by 2010. CFC
production and consumption
stopped on 1 August 2008,
seventeen months ahead oF
schedule.

Treaty schedule
(final cut):

Sources: Day 29 Source Index | Topic 287
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India’s HCFC phase-out and cooling plan
HCFC reduction schedule

India’s baseline is 2009-10.
Scheduled cuts are 10 per cent
in 2015, 35 in 2020, 67.5 in
2025 and 100 in 2030.

HCFC-141b was phased out
in foam production from
1 January 2020.

HCFCs cannot be used to i
manufacture any new equipment |
from 1 January 2025, i

" HCFC reduction _'[
‘| schedule |
L(From 2009-10 baselfne) '

Y : -
v, A -
gt { 3
3 > By -
4 FL. | B
¢l B
P 5 1 e
]
)
3

SN 35%

Servicing
(2030-40):
up to an average
2.5% of baseline
annually

The narrow servicing tail sz

From 2030-40, Article 5 Parties
may use up to an average 2.5 per
cent of baseline annually for ¢
servicing refrigeration, air-conditioning
and fire-protection equipment
existing on 1 January 2030, plus
two other narrow uses.

A 100 per cent scheduled cut
therefore has specified limited

- : (servicing)

exceptions. I

India Cooling Action Plan, 2019

By 2037-38, ICAP aims to e - Energy use Refrigerant
reduce cooling demand by Cozling demand (for cooling demand

20-25 per cent, energy use
for cooling by 25-40 per cent
and refrigerant demand by
25-30 per cent.

These are, thoee diferent 4 20-25% 1 25-40% 3 25-30%
quantities and target ranges. \fy 2037-38) (by 2037-38) (by 2037-38) s

Progress and scope  gmsny
PIB reports India has met its Montreal Protocol

Montreal Protocol phase-out . P:{Ti;i‘f,}:;ﬂiﬁ ;
targets for all ozone-depleting substances) —
substances. met (PIB) ;

That does not mean the later B HFC phase-down — [\ of |
HFC phase-down is already ot complete o
complete, nor does it erase e HCFC servicing t““"f;\." &

the permitted HCFC servicing tail. A48l L= permitted
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I

Recovery takes decades not one season

The scientific assessment

WMO/UNEP’s Scientific Assessment

of Ozone Depletion: 2022 was released
on 9 January 2023. The Montreal
Protocol’s Scientific Assessment Panel
prepares an assessment every four years.

Expacted return to 1980 values

If current policies continue,
recovery is projected around
2066 over Antarctica, 2045
over the Arctic and 2040
elsewhere. Nearly 99 per
cent of banned ozone-depleting
substances have been phased ol .
out. Antarctic hole area and Tl ==
depth have slowly improved ol
since 2000.

|

Largest
daily area

Compare the same measures
29.6 million sq km ||
(24 September) )

In 2006, the largest daily
area was 29.6 million sq km
on 24 September; the
7 September-13 October '
mean was 26.6 million sq km;
minimum daily ozone was — =
84 DU on 8 October. || 26.6 million sq km
|| (7 September-
| 13 October mean)
84 DU
(8 October)

= s
Seasonal |
In 2025, corresponding mean area
figures were 22.9 million
sq km on 9 September,
18.7 million sq km, and
127 DU on 25 September.

L

" Minimum |
. daily ozone
L Y

Weather still changes each season

The 2006 season has the largest
mean area in NASA’s table. As of

1 November 2026, that annual table
ran through 2025. Recovery must be
judged across years because
stratospheric weather affects
individual seasons; one smaller hole
does not mean complete recovery.

“200§; : i

seasonal mean:

R

Sources: Day 29 Source Index | Topic 287

@iaswithdrravi | www.iaswithdrravi.com

Total ozone

(D)

3 g 400
Schematic, 350
not a
dated 300
| observation 250
' 200
150
100
r'“_'..,*’fr &:’.ﬁ

over
Antarctica

2._9 n_'liﬂion- s_q km |

7
(? _S_e[:iteflber? J :

A

|
18.7 million sq km |

127 DU
(25 September) |

Two reported seasons, not an annual series

(2025) |

seasonal mean:

; 26.6 million sq km | 18.7 million 5 km |
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Aadhaar lclen’cl’cy and Jclne: law

Aadhaar and UIDAI

Aadhaar is a 12-digit identity number
issued by the Unique Identification
Authority of India. Alongside UPI,
DigiLocker and consent-based _,
Account Aggregators, it forms the =
core of India Stack and India’s '
digital public infrastructure.

p
ff{'.

UIDAI's journey

UIDAI began on 28 January 2009 £
as an attached office of the P
Planning Commission. Aadhaar < ; .
was launched on 29 September 2010 “F==—===== e \ S : .\
at Tembhli, Nandurbar district, Planning Commission Aadhaar Iaunched at Tembhli,
Maharashtra, where the first (28 January 2009) Nandurbar district, Mahamshtm
Aadhaar was issued. UIDAI moved i o (29 Septembr 2049)

under MeitY in September 2015 :
and became a statutory authority o ol
under MeitY on 12 July 2016.

MeitY : - S{:atutorg author:t‘g.
(September 2015) under MeitY

(12 July 2016)
The law i

The Aadhaar (Targeted Delivery of Financial S
and Other Subsidies, Benefits and Services) Act, 2016 5‘@3
was notified on 26 March 2016. The Aadhaar and " ;3"-.
Other Laws (Amendment) Act, 2019 was notified on

23 July and took effect on 25 July 2019. It added ;
privacy safequards and permitted voluntary Aadhaar
authentication for SIM cards and bank accounts,
with corresponding changes to the Indian Telegraph _
Act, 1885 and Prevention of Money Laundering Act, 2002, = Sl

Dated scale

The enrolment dashboard showed 145.32 crore
Aadhaar generated when read on 1 November 2026;

its update date was 28 September 2026. “Over 144 crore” —
refers to March 2026. Authentication transactions =
exceeded 2,707 crore in 2024-25.

Identity is not citizenship

Section 9: Aadhaar or its authentication is not,
by itself, proof of citizenship or domicile. It proves 4
identity.

Sources: Day 30 Source Index | Topic 296

Day 30 | T296 / 01 | Page 47 of 80
@iaswithdrravi | www.iaswithdrravi.com



m IAS WITH DR RAVI

AIM. PREPARE. ACHIEVE

The 2018 Aadhaar judgment

Puttaswamy Aadhaar judgment

On 26 September 2018, a 'Five—judge
Constitution Bench upheld the
scheme 4:1; Justice D.Y. Chandrachud _ & 2.
dissented. The Aadhaar Act was held g i
not to violate the fundamental right ¥
to privacy. Section 7, covering ;
subsidies, benefits and services,
remained valid.

Benefits and access

Enrolment is voluntary. Aadhaar is
compulsory for those seeking
subsidies, benefits or services
funded from the Consolidated

and JEE cannot make it mandatory
for students. No deserving person
may lose a benefit because
authentication fails: another
means of identitg must be offered.
A child cannot lose a section 7
benefit for lacking Aadhaar; v R . | .
another identity document is allowed. @ d I Ve 7 m—

Limits on use and storage

Section 57 was struck down only

in part: a body corporate or person
could not use gadhaar‘ authentication
merely under a contract. Other
uses to establish identity require
backing by law. Regulation 27,
permitting five-year archiving of
authentication data, was struck down;
retention beyond six months

became impermissible. N

PAN, banks and mobiles

Section 139AA of the Income-tax
Act, 1961, linking PAN with Aadhaar,
was upheld. Mandatory bank-account
linkage under Rule 9 of the Prevention _
of Money-laundering (Maintenance of 4
Records) Rules, 2005, as amended in
2017, was unconstitutional. Se was
the Department of Telecommunications
circular of 23 March 2017 requiring
mobile linkage.

Keep the dates separate

These are the 2018 holdings. The 2019 amendment subsequently permitted voluntary bank
and SIM authentication. The general data law is the Digital Personal Data Protection Act, 2023.
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Indta Stack and pajmen’cs

India Stack consists of open ,. e .
APls and digital public goods. * by ﬂﬁﬂ,:ﬁd ek‘rc
UIDAI provides Aadhaar and =
eKYC; the Controller of 1
Cerh{ymg Authorities provides
eSign; MeitY provides
DigiLocker; NPCI provides
UPI, the Aadhaar Payments
Bridge and the Aadhaar
Enabled Payments System.

{ NPCI —>

UPI, Aadhaar [l
Pa ments Bridge It
w28 and Aadhaar Enabled {5

Lagers and Fclirt-:s Whoruns UPI

Aadhaar, launched in 2010, gives a NPCI developed and operates UPI. NPCI ﬂ i
digitally verifiable identity supporting is an initiative of the RBI and Indian /
eKYC and eSign. UPL, launched in 2016, Banks' Association. RBI regulates
enables interoperable mobile payments. P“ﬁ""se’ﬁlsys“tmg '-‘;:‘de" z‘et P% 'gf;_"t
DigiLocker gathers documents from a.;: "i te?:e" yif’;ﬁ bc g
official sources. NITI Aayog’s August The pbet egen R

e S 11 April 2016, inaugurated by RBI 4
2020 DEPA discussion draft identifies .~ o 0. Raghuram G. Rajan; public 2§

consent as the final layer: it governs o, began in Augusf 2016
secure sharing and does not itself hold _

the data. A three-layer grouping
combines identity, payments and data,
placing DigiLocker and Account
Aggregators in data; the DEPA model
separates consent.

NPCI
(: aperates UPI)

DigiLocker began in  “%

2015 under MeitY as 2o ~——
W a digital document

2,365.8 crore M| wallet with consent-

ol tmnsactwns worth \i based access. ONDC, 7

or 2,407 crore, Wl the Open Network for fguf

Wl transactions worth “f® Rs 29.87 lﬁkt C']"’rer Digital Commerce, ¥
B ' wlth 741 banks live began in 2022; over ¥

i Jjos2d.e/ o st T " 7. 196 lakh retail sellers of
i e | B \vere live by December '

st -~ — b 2025. A
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Account Aggregators and consent

What an Account Aggregator is

An Account Aggregator, or AA, is an NBFC g i /J’:ﬁ
that enables consent-based sharing of !
financial information. The Non-Banking
Financial Company-Account Aggregator
(Reserve Bank) Directions, 2016 were
issued on 2 September 2016. Only a
company may undertake this business.
It needs RBI registration and net 4.4
owned funds of at least Rs 2 crore. <78

A customer-controlled route

The AA serves a customer only
with explicit consent. Financial
Information Providers include
banks, NBFCs, asset management i a
companies, depositories, insurance
companies and GSTN. Information
may go only to the customer or to
a Financial Information User £ TH
authorised by that customer. &igss
A Financial Information User g
must be registered with and #’ v
regulated by a financial-sector §¥¥ o
regulator. .

/ cal

An AA carries on no business other than
account aggregation and does not support
transactions. The customer’s financial information
is not the AA’s property. Information received
from providers must not reside with the AA.
Sharing financial information is therefore

different from transferring money or storing
a permanent financial dossier.

DEPA and the legal distinction

DEPA means Data Empowerment and
Protection Architecture. NITI Aayog’s
August 2020 discussion draft sets out
consent-based data sharing. Financial-sector
consent managers are called Account
Aggregators and are “data blind by design”.
DEPA is a discussion framework, not a law. E=
The RBI Master Direction is binding on the =R
entities it covers. Do not confuse these two T
kinds of authority.

7

RB
Master
Direction
& =t el

8

|
— I
1l

l

|

|

P
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DPLand the G20

A global definition % \ i e

The G20 New Delhi Leaders'

Declaration of 9-10 September
2023 describes digital public
infrastructure as an avo(vi:{g
concept and a set of share
digital systems. These systems
rest on secure, resilient
infrastructure and can use
open standards and open-source |
software. This wording in
paragraph 55 is broaﬂer than
any single Indian app or
identity system.

A voluntary framework

Paragraph 56 welcomes the G20
Framework for Systems of Digital
Public Infrastructure as a voluntary
and suggested framework. It also
welcomes India’s plan to build and
maintain the Global Digital Public
Infrastructure Repository, or GDPIR.
The repository is a virtual store of
DPI that countries share voluntarily;
it is not a compulsory internationq
system.

Two distinct initiatives :

The One Future Alliance was India’s One Future Social J
proposed voluntary initiative for capacity E Alliance | IMP act Fund
building, technical help and funding for /_—_A_ﬁ K_JR

DPL in low- and middle-income countries.

The Social Impact Fund aims to accelerate il — '

DPI adoption in the Global South. At the
Virtual G20 Leaders’ Summit on 22 November
2023, the Prime Minister announced an ]
initial Indian contribution of US $25 million capacity
to this Fund. The Global DPI Repository .., b“l[d'"ﬂ_
was declared complete on the same date. .

| November 2023 | 2 o ;

22 November 2023
o Virtual G20 Leaders’

e

technical

—_ help

Development role

The Government’s 6 March 2026
backgraunder characterises the
Declaration as recognising DPI as

a development accelerator and re
records that India contributed m

i 11 o Initial Indian
the largest number of DPI solutions | Initial Ina
to the repository. Keep that later 3‘: contribution of

S $25 million to the
description distinct from the gocial Impact Fund
Declaration’s own definitions and |

o Global DPI. Repository

i
voluntary commitments. i declared complete
L ==

——— -
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India’s DPI abroad

UPI beyond India

UPI abroad means merchant
acceptance or cross-border
remittances, partly through
NPCI International Payments
Limited, or NIPL. By 24 August
2026 it was live in eleven
foreign countries: Bhutan,
Nepal, Singapore, the UAE,
France, Sri Lanka, Mauritius,
Qatar, Cambodia, Greece and
the Maldives, Cambodia and
Greece joined in June 2026;
the Maldives joined on

-Bh t
-‘i =

()| B | Crme

30 July 2026. “Live” should
not be read as identical
services or universal
acceptance in every country.

(i)

( Services differ by country )

MOSIP is a platform

The Modular Open Source Identity
Platform was established in 2018
at the International Institute of .
Information Technology Bangalore. *

Tts modular, open-source technology ‘Mg
lets countries build and own their
national identity systems. It is not
the export of Indian Aadhaar numbers.
On 1 November 2026, MOSIP’s site
showed 32 country engagements and
14 national rollouts. The March 2026
government description was earlier:
more than 25 nations adopting or
exploring it.

Country
identity
system | M

Agreements and adoption

India had DPI memorandums of
understanding and agreements

with 24 countries by February

2026, including Armenia, Sierra
Leone, Trinidas and Tobago, Kenya, -
Brazil and Malaysia. India Stack ‘g
Global showcases Indian DPI and
helps partner countries adopt it.

Rollouts

14 national
rollouts

ﬁg;reements |

24 countries

by February

Read the sequence
Identity institutions began in 2009-10.

The law, payment launch and consent

rules converged in 2016, Judicial Ay
limits followed in 2018, while Ao ot
international adoption developed — SRERRSES Y

through MOSIP, G20 cooperation  #{ X
and UPI links. Country engagements, ﬂ‘*

completed rollouts and biﬂxtemi - Ad
agreements measure different things; ey M)
their counts are not interchangea.b?e. PP oy
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Remote sensing from energy to information
Information without contact  The eight-stage journey.

Remote sensing acquires and measures 1
information about objects or phenomena 2
with a sensor that does not physically 3. The surface absorbs, transmits, reflects or
touch them. For the earth’s surface, it emits energy. y
uses electromagnetic energy that is 4. Reflected or emitted energy passes through
5
6
7

. A source supplies energy.
. Energy travels to the earth.

reflected or emitted. The Sun is the the “fmosﬂhem' J e
most important energy source; artificial L0 sEngoragects and irecoras it, :
sources include flashguns and radar . The received energy becomes photographic or

3 2 , digital data.
beams. Objects also emit their own . Information is extracted from the data products.

ENENIY- 8. The information is presented as maps or tables.

RN oy

o 1. A source | . | 5. A sensor
supplies detects and
| ’ energy. records it. enerqy becomes

photographic |
or digital data. |

4. Reflected or
emitted energy
passes through

the atmosphere. |

2. Energy
travels to

== 7. Information
is extracted
from the
data

& | products.

information
o s presented!
| as maps

_| or tables.

The sensor’s job Surfaces leave signatures

A sensor collects electromagnetic  Different surfaces reflect and absorb spectral bands |8
radiation and converts it into a  in characteristic patterns. Graphs of these spectral &
signal. Photographic sensors are  signatures help distinguish surfaces, including one |
analogue. Non-photographic crop from another. Healthy vegetation absorbs blue
sensors build an image bit by bit  and red light and strongly reflects near infrared ¥
and are called scanners. because of its layered leaf structure. In a standard {8
- false-colour composite, near infrared is displayed |8
in red, so healthy vegetation appears red. Fresh
water is dark in red and infrared; turbid water
reflects more blue and green and looks lighter.
Smooth, dry surfaces reflect more than rough, [

False-colour composit

e
Near infrared — red}

moist surfaces.
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Spectrum and atmospheric windows

Which wavelengths are useful

The electromagnetic spectrum gamma
runs through gamma rays, rays
X-rays, ultraviolet, visible light,
infrared, microwaves and radio
waves. Visible, infrared and
microwave regions are used

in remote sensing.

- visibl di
X-rays ‘t,limxt vlliglhte infrared  microwaves :::1\:;5

Atmospheric windows

A window is a spectral region

that can pass through the .

atmosphere. The three main o optical 4 ?'*“" infrared ﬁﬂ e radio P <
3 . :

windows are optical, infrared e one e window. B window TPEC oW P
and radio. Transmission depends g _ e < d#?
on clouds, water vapour and ' e

trace greenhouse gases, so
sensors use wavelengths
within suitable windows.

= =

Visible and near infrared “

Green light spans 0.5-0.6
micrometres and red 0.6-0.7
micrometres. Turbid water reflects
more blue and green light.

Near infrared spans 0.7-1.1
micrometres: healthy vegetation @
reflects strongly, while fresh water |
absorbs it amf ?c'mks dark. A plant &
with more chlorophyll reflects more
near-infrared energy than an
unhealthy plant in the comparison
used here.

Thermal infrared

The 8-15 micrometre region
measures energy emitted as heat.
It reveals land- and sea-surface
temperature changes and distinguishes .
warmer from cooler clouds. Heat
emission is different from reflected
sunlight.

Microwave radar bands

X band: 2.4-3.8 cm.
C band: 3.8-7.5 cm.
S band: 7.5-15 cm.
L baﬂd: 15_30 cm, x band
Radar imagery can be acquired by day
or night and )t’hrough cloud, regardless
of weather. A longer wavelength, such
as L band around 23 cm, penetrates
farther through a tree canopy. Do not
mix these centimetre radar ranges
with the micrometre optical and infrared
ranges.

L band .

Sources: Day 30 Source Index | Topic 297
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Four resolutions and two scanners

ey

Spatial resolution
This is the ability to distinguish

closely spaced surfaces, or the
ground-cell size represented by
one pixel. LISS-IV on Resourcesat-]1
resolves 5.8 m at nadir. A smaller
ground-cell figure means finer
detail, not a poorer image.

Spectral resolution

This describes recording
in different bands: how
many bands and how e
narrow they are. LISS-TII S alas
has four bands, including
shortwave infrared at  SSEANs
1.55-1.70 micrometres; Laite il
LISS-IV has three.

This is sensitivity to small
differences in received energy,
expressed as grey levels. IRS
sensors have levels 0-127:
128 levels = 27, or 7 bits.
Landsat TM has 0-255:

256 levels = 28, or 8 bits.
LISS-III transmits 7-bit data.
More distinquishable grey levels
give finer radiometric resolution. |

Temporal resolution
This is the jnterval before the

same area is observed again, not
one orbital period. LISS-III
revisits in 24 days. AWIFS
achieves a five-day revisit |
over 80% of its covered area. -~

How scanners look

The Instantaneous Field of View,
IFOV, describes the scanner’s

instantaneous view of the ground.
Total Field of View, TFOV, is the ,.
whole width covered by the "
oscillating sensor. Rotatin

mirror Detector row
A whiskbroom scanner uses a (whiskbroom ) (pushbroom)
rotating mirror and a single

detector sweeping across the field.

A pushbroom scanner uses a line JEERRES|
of Pdefectors, each gathering m
energy from one ground cell. #af L
Detector count equals swath #@' v
width divided by spatial ._
resolution; both distances must -
use the same unit.

f

APRET l—
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Passive and active sensing

Passive sensors receive natural energy

A passive sensor records reflected
sunlight or heat emitted by the
natural environment. Optical
cameras and scanners such as
LISS-1V, LISS-IIl and AWiFS are
passive. INSAT-3DS also uses
passive visible and infrared
observations; its first images
included a thermal-infrared band.

Sunlight, heat and cloud

Sensors using reflected sunlight need
the Sun to il?uminate the scene.
Thermal-infrared sensors record emitted
heat and remain passive because they
send no energy of their own. Optical
imagery cannot reveal land hidden
beneath cloud. “Passive” therefore does
not mean “every measurement is

reflected sunlight”.

Active sensors supply energy

An active instrument emits energy
and measures the returning signal.
Radar uses microwave pulses and
can image by day or night, including
land under cloud. EOS-04 carries
C-band synthetic aperture radar; -
NISAR uses L- and S-band SAR. &

How SAR works

Synthetic aperture radar combines _%_'__: 5

successive observations from a short
antenna to simulate a much longer
antenna. Its active classification
comes from sending microwave
energy and recording the return,
not merely from producing
detailed imagery.

How lidar works
Light Detection and Rangin
l%ed

measures distance using pu
laser light. Topographic Edar
typically uses near-infrared laser
li f\t for land mapping. Bathymetric
|i?lar uses green light that eeturs
water to measure seafloor and
riverbed heights. Lidar and radar
are both active, but they use
different parts of the electromagnetic %
spectrum. Radar’s all-weather advantage
SﬁouH not be transferred indiscriminatge!y :
to every active sensor.
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Indian optical instruments

Resourcesat-1 examples (A . <

LISS means Linear Imaging
Self-Scanning Sensor. AWiFS
means Advanced Wide Field
Sensor. All three instruments
below are passive optical |
sensors, but they trade detail
against coverage. :

LISS-IV
Spatial resolution is 5.8 m at nadir. Its bands are
0.52-0.59, 0.62-0.68 and 0.77-0.86 micrometres,
corresponding to green, red and near infrared.
Single-band swath is 70 km. Tilting allows a
five-day revisit.

LI5S-111

Resolution is 23.5 m. It records the same three
bands plus shortwave infrared at 1.55-1.70
micrometres. Swath is 141 km and repeat interval 3 &
is 24 days. NCERT lists IRS LISS-III as 23 m, while - S
the NRSC Resourcesat-1 specification is 23.5 m. i
These are source-specific fiqures, not two different
sensors; use 23 m when the question explicitly
follows NCERT.

AWIiFS

Resolution is 56 m at nadir. Its four bands match
LISS-III. A 740 km swath provides a five-day
revisit for 80% of the covered area. This broad
coverage sacrifices the fine ground detail of
LISS-IV.

Related satellites 4

Resourcesat-2A, launched on 7 December 2016, °
carries similar cameras with the same stated —
resolutions: 5.8 m, 23.5 m and 56 m. f ' . Sounder ‘

INSAT-3DS operates in geostationary orbit for =
meteorological observation, using a six-channel
Imager and nineteen-channel Sounder in the
visible and infrared sensing system.

Sources: Day 30 Source Index | Topic 297
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Orbits and radar examples

Sun-sgnchronous observations

The NCERT comparison places
sun-synchronous satellites at
700-900 km, covering 81°N to 81°S,
with about fourteen orbits daily.
It gives fine resolutions from

182 m to 1 m and earth-resource
applications. Fourteen daily orbits
do not mean fourteen daily
observations of one place:
LISS-III’s revisit is 24 days.

Geostationary observations =

At about 36,000 km, a satellite has " : _
a 24-hour orbital pera’od and stays - Geosfa‘tionarg
over one spot. It repeatedly views /S N\ || < orbital period:

24 hours

LISS-III
revisit:

roughly one-third of the globe, useful
for telecommunications and weather
monitoring. The comparison gives
coarse resolution of 1 km x 1 km.
Frequent observation does not
quarantee fine detail.

I}
+
......

Indian examples

PSLV can carry remote-sensing
payloads to sun-synchronous polar
orbit: 1,750 kg to 600 km in the
stated capability. NavIC provides
navigation, not imagery, using

geostationary and inclined geosynchronous
orbits. INSAT-2A also carried a
Very High Resolution Radiometer:
2 km visible and 8 km infrared

resolution.

Active radar

EO0S-04, also RISAT-1A, follows =
RISAT-1 of 2012. Tts C-band SAR
provides all-weather, day-and-night
imaging. Modes range from 50 m >
resolution across a 223 km swath SSESEEEES
to 3 m across 25 km. NISAR, the -
NASA-ISRO Synthetic Aperture
Radar mission, collects L-band
and S-band SAR data. Satellite
orbit, sensor type, spatial detail
and revisit frequency are distinct
properties; read eac{t specification b
separately. b

3 m across T

Sources: Day 30 Source Index | Topic 297
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Resolution calcula’aons that prevent errors

How much land is one pixel
For LISS-1IV, a 5.8 m x 5.8 m :

pixel covers 33.64 m? For T e =
AWIFS, a 56 m x 56 m pixel e J i = . i
covers 3,136 m?. Dividing e P im

3,136 by 33.64 gives about 93. - d 2| [
One AWIFS pixel therefore e m
covers roughly 93 LISS-IV A o & s R - '
pixels’ worth of ground. The
smaller metre value gives
finer spatial detail.

How many_detectors

For the SPOT HRV-I pushbroom
example, swath = 60 km = 3,000 detectors
60,000 m. Resolution = 20 m. < 3% [7 | l i ! ,

Detector count = 60,000 + 20 = =" e —
3,000. Convert units before B R S :
dividing; a detector corresponds S~
to one ground cell across the S50 o
swath. :

&Y. 60 km(=60,000 m) 5N
e = AT A

How much energy detail ,

Levels O through 127 include
both endpoints, giving 128 levels,
not 127. That is 27, or seven bits.
Levels 0 through 255 give 256 = 28,
or eight bits. This measures
radiometric discrimination, not
pixel dimensions.

Why not always use the finest sensor -

LISS-1IV offers 5.8 m detail over
70 km in single-band mode; AWIFS
offers 56 m over 740 km. E0S-04
offers 3 m over 25 km or 50 m over
223 km. A wide swath supports
frequent revisits but trades awa
detail in these examples. Likewise,
SPOT HRV-II at 10 m resolves finer
ground detail than Landsat TM at
30 m. Choose the resolution that
answers the observation task.
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India’s climate commitments
What an NDC s P A e f«-—

A nationally determined
contribution, NDC, sets a
country’s climate targets under
the Paris Agreement. India’s
sequence is the first NDC of
2015, its August 2022 update
and the NDC for 2031-2035
submitted in April 2026.

These sit beside a long-term
net-zero goal for 2070 and a
mass movement for LiFE,
Lifestyle for Environment.

e

Paris Agreement recall

The Agreement was adopted
in 2015 and entered into
force on 4 November 2016.
Each Party communicates a
new NDC every five years.
The first global stocktake
was in 2023, with another
every five years.

Recall Topic 107.

Delivery and. revision

Much of the NDC is delivered
through the National Action Plan
on Climate Change and its eight
missions, coverej in Topic 207.

Learn every target with its exact .
wording, base year, target year, date
and officially reported progress. Later 3
topics cover climate-change evidence
and causes (586), UN climate
conferences (667), and climate
impacts (776).
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India’s NDC timeline

First NDC in 2015

India submitted its Intended
Nationally Determined
Contribution, INDC, to the
United Nations Framework
Convention on Climate Change, |

UNFCCC, on 2 October 2015.
This became its first NDC
under the Paris Agreement:
eight goafs, inc[uding three
numerical goals for 2030.

The 2022 update

Cabinet approval came on

3 August 2022; submission to
the UNFCCC followed in August. “®.°
Its title is “India’s Updated First ‘et
Nationally Determined Contribution ok
Under Paris Agreement (2021-2030)". @l
It updates the first NDC; it is
not a second NDC.

Only three goals carry “[UPDATED]” 2
LIFE, emissions intensity and
installed capacity. No other e RS
first-NDC change was proposed, Tl sy
so the carbon-sink target remained **
unchanged. -

The update translated COP26’s

Panchamrit into enhanced targets.

The 2031-2035 NDC

Cabinet approval was announced i
on 25 March 2026. The document sk
is dated April 2026; the UNFCCC o ¥
registry records submission on S
24 April 2026.

It contains eight targets: three

numerical and five gualitative.
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Compare the numerical ’ca@ets

First NDC for 2030

Submitted on 2 October 2015
reduce emissions intensity of GDP
by 33-35% from the 2005 level;
attain “about 40 per cent” non-fossil 8
fuel-based energy resources in
cumulative electric power installed
capacity; create an additional
forest-and-tree-cover carbon sink
of 2.5-3 billion tonnes of CO,
eguiva[ent.

Non foss.f[ ™ Additional

from fhe 2005 fevel

3 4 ! |
fi?;?rft;‘g et i share of installed i carbon sink
of GDP reduce b | capacity et E i >
33-35% / | 4 G“P;“ @J | [ billion tonnes
| =

of €O, equivalent

Updated first NDC for 2030

August 2022: emissions intensity
reduction rises to 45% from 2005;
the installed-capacity share becomes
“about 50 percent”. The additional
carbon-sink target remains
unchanged at 2.5-3 billion tonnes
of COZ equrm!ent

e e— e = = S X

Non F;S&'f
share of installed

R [ intensity e\ | S |
SN of cop” ) Ty | )| AP ) |
: | 50 percent| |

ﬁ'om the, 2005 level

Ad’d’ ffmna [

carbon sink

2.5-3 ‘ot P
billion tonnes e o
of CO; equivalent) | Vh 2

=1 Emissions

P g

NDC For 2031-2035

April 2026, targets for 2035:
emissions intensity reduction of
47% from 2005; non-fossil share of
cumulative e.’ectrrc power installed
capacity of “about 60 percent”;
forest-and-tree-cover carbon sink
of 3.5-4.0 billion tonnes of CO,
equivalent compared with baseline
2005.

T - = ks i g e .
—— s e —— — k. - > - 5

- (55 1 Non- fossr{ | Aa‘d;f.-gm{ &)
flf;;issf;?tf;s TR i share én" installed i carbongs;t = .'
i - | =z e {
& of GDP i 47%?}' S |L CAPRCEy | / f"'ég"" f‘m?g;\ '
i o equivalen v
Ty from the 2005 [evel t { 60 p ircentj i @miumt

baseline 2005 _j ey
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Read the NDC wor'olmg carefully_

LiFE across the NDCs SN

The 2015 goal of “a healthy and
sustainable way of living” had no
LIFE mass movement; LIFE was
proposed in 2021, The 2022
update added a mass movement ALY |
for LIFE, Lifestyle for Environment. y',_ '
The 2035 NDC retains it and
hames Mission LiFE.

q‘ { -,

Emissions miens:ty means
emissions per unit of GDP.
Total emissions may still
grow while the target is met. |

Emissions ."ntensff‘_y Ly
emissions
GDP

Capacity, not generation

The share concerns installed
capacity, not electricity generated.
All three NDC texts use “about”
40, 50 and 60 per cent and link g5
the goal to “transfer of technology &
and low-cost international finance”.

—_— e _——— _— —

PIB’s 2022 release also uses | C!ean el’ectncrty share (msta!led capacrtyl \"
“about 50 percent”; its 2026 { 2015 NDC : about 40 per cent “’-J"ke"f to .
release uses 60 per cent. MNRE, 2022 update : about 50 per cent E::h":f[i; ; nd
the Ministry of New and Renewable | * o | low-cost international
Enerqy, describes reaching 50 per cent. L 2035 NDC @ about 60 per cen Eninds”. ‘

Carbon sink and net zero

The 2015 target is an “additional”
sink “through additional forest
and tree cover by 2030”; the
2035 target uses baseline 2005.

Carbon sink target — §
2015 : “additional” sink
“through additional

forest and tree cover K@
b‘y 2030” H

Net zero by 2070 is a long-term : s
goal, not an NDC target. The 2022 o =%85—""
update is a step towards it; the v ;
2035 NDC says India will “ultimately f -

Net zero : b_y 2070
(a long-term goal, not an NDC target)
2022 update : a step towards it
2035 : India will ut't:matefy reach J
net-zero by 2070".

reach net-zero by 2070,
Sources: Day 31 Source Index | Topic 307
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Panchamrit and net zero
COP26 commitments

At Glasgow on 1 November 2021,
the Prime Minister’s National
Statement presented the five
Panchamrit commitments:

1. Non-fossil energy capacity of :
500 GW by 2030.

2. 50% of energy requirements
from renewable energy by 2030.

e e
= .

Pancﬁamnt faryefs o qw.:.{n‘ cations

3. Reduce total projected carbon j — L =—
emissions by one billion tonnes [ '[ Non-fossil energy Cdf,mfy T 500 6W by 2030 |1 5

from then until 2030. ald |
R ble energy share 50% of energy .
4. Cut the economy’s carbon Tl { plewadle endiy requirements by 2030 |

intensity b : : eR] Reduce by one
intensity by 2030 Py (- Projected emissions br{h:;e tomg;‘ Front
5. Net zero by 2070. Pt ¢ then until 2030

& - - Carbon intensity ot by 2030
o Ay ~ | Net zero
3 'ff‘?iﬁ% S ——

The 45 per cent wording

The 2022 NDC fixes item 4 as a 45% - 45% cut
cut in GDP emissions intensity from . B emissions
2005. PIB’s English speech text says ©Hlgé intensity from 2005

“by less than 45 percent”; remember
the NDC's 45% cut, not “less than
45 per cent”.

Do not equate the measures T E

Panchamrit item 2 concerns
renewable energy meeting

energy requirements. The NDC
concerns installed electric power
capacity from all non-fossil sources.

(renewable energy):
share of energy
bas s g s 2@ requirements |

AL , (50% by 2030)

T Item 3 W
(projected emissions): |

tonnes reduced |
(one billion tonnes |
until 2030) j

Item 3 measures tonnes reduced
against projected emissions;

NDC emissions targets measure
intensity.

LIEE pro_posal

The same speech proposed
LIFE, Lifestyle for Environment,
described as a “One-Word |
Movement”.
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The long-term climate strategy.

Paris Agreement basis || L=
Article 4.19 asks Parties to '

“strive to formulate and
communicate Ionﬁ-term

low greenhouse gas emission S
development strategies”. 7l

India’s submission

India submitted “India’s
Long-Term Low-Carbon |
Development Strateqy” to the ABEES
UNFCCC on 14 November 2022 RN
during COP27. Recall Topic 107. i B

b g

The document uses LT-LEDS;

books expand this as Long-Term
Low-Emission Development
Strategy. India “will strive
towards net-zero by 2070 4
through low carbon development

in accordance with national i
circumstances”. ¥

e Target: net-zero
e Target year: 2070 1
e Qualification; through low carbon
development in accordance with
national circumstances

e

Seven key transitions

Electricity systems; transport; 7.
urban design and buildings; =
industry; carbon dioxide —
removal; forest and vegetative i 11 'Sl
cover; and the economic and
financial side.

F ]

The strategy also has

a section on Mission [7

LiEE.
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Reported climate progress

BUR-4 and the first 5oals

The Fourth Biennial Update Report

was submitted on 30 December 2024:
GDP emissions intensity fell 36%

during 2005-2020. The 2035 NDC
and PIB’s 25 March 2026 release
repeat this. The latter reports the
first intensity target met 11 years
early and the “about 40%" capacity
target 9 years early.

BTR1

Submitted on 30 Aprif 2026 as the
“2024 Biennial Transparency Report”,
BTR1 records a 37.38% intensity
reduction by 2022 from 2005.

Non~fossil msta{{ed-capamty shares: "8
38.3% in 2020, 40.2% in 2021 and _ N}
42.5% in 2022. .

Additional carbon sink: 2.44 billion g% i A %
tonnes €O, equivalent during 2005-2022." 0 i T

R R R
z

g,
(bai?gog) —> ends in 2020

Non—fbssr[ msfaf[ed*
capac:ty shares:

2020: 38. 3%
2021 40 2% |
2022 42 5%

Different end years

36% ends in 2020; 37.38% ends in
2022. Both use 2005 as the base, ~ _
so they do not conflict.

(535-9230?5) —> ends in 2022

Capacity and carbon sink

MNRE recorded 242.78 GW non-fossil . aid
out of 484.82 GW, or 50.08%, on  *
30 June 2025, five years early N
(release: 14 July 2025). The 2035 NDC g5 gl#o it
records 52.57% on 28 February 2026.

PIB’s 25 March 2026 release gives a -+ ;
sink of 2.29 billion tonnes by 2021; Al O
BTR1 gives 2.44 billion tonnes durmg :W .,
2005-2022. N
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Mission Li FE and 3reen credits
Launch and idea

The Prime Minister launched
Mission LiFE on 20 October 2022  28§%~
at the Statue of Unity, Ekta Nagar, S
Kevadia, Gujarat, with UN "
Secretary-General Anténio
Guterres present.

Its message: “Mindful and
Deliberate Utilisation, instead
of Mindless and Destructive
Consumption.” It seeks sustainable i
lifestyles through P3: Pro Planet Peop[e

Three prongs.

Demand: change c{m(y
individual habits.

EE{H make md’usf{y and

markets respond

a4

sd.‘f -
!
A

Policy: shape government
and industrial po[icg.

MoEFCC, tﬁe Ministry of
Environment, Forest and’
Climate Change, lists
75 individual actions;
the list is non- exhaustwe.

Seven action themes

Save enerqy; save water;
reject single-use plastic; |
aa’opf sustainable food ?
systems; reduce waste; I/_/_
adopt healthy lifestyles; , =

reduce e-waste.

One portal headin says
“Adapt Sustainable Life
Sty(es , whereas its banner
and MoEFCC say “Adopt
Sustainable Food Systems”.

4. Sustamabl’e
Ca i a".rfe St_y!es

Green Credit Programme

Green Credit Rules, 2023 were
notified on 12 October 2023 under
the Environment (Profecfmn) Act, 1986
Their purpose is to “incentivise
environmental positive actions
through market-based mechanism”,

Carbon markets: Topic 457. _ S
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The 2030 targets and progress
o

Bﬁse year: 2005 ‘.
Gl Target year: 2030

i t: 33-35%
Barys reduction

First intensity target

First NDC, 2 October 2015: reduce
GDP emissions intensity 33-35%
from 2005 by 2030. Met: a 36%
reduction during 2005-2020, -
reported as 11 years early in BUR-4 3
(30 December 2024) and PIB '
(25 March 2026).

First capacity target

First NDC, 2015: “about 40%"
non-fossil installed capacity by
2030. Met 9 years early;
40.2% in 2021 (BTR1; PIB,
25 March 2026).

Target year: 2030
Target: about 40%
Progress: 40.2%
Wy 202)

Ve W5 o8

First NDC, 2015, retained  SuSU ORRAR: (cnglf Carbon ST =0 B

August 2022: additional Target year: 2030

T

. AR Fos. . Sl . additional Kl
2.573 billion tonnes CQZ : 7 T“’g;&;ﬁﬁ:}i;ﬂiamgg
equivalent by 2030. Still SR ; N CO2 equivalent 18
below the range: 2.29 billion YT WH MY Frit 4l Progress: 2.29 billion &
tonnes by 2021; 2.44 billion "%z 3T s Sl y (by 2021)
tonnes during 2005-2022 4 "xgn L ol 2.44 billion tonnes

(PIB, 25 March 2026; BTRI). g s pngdestsi Tl (2005-2022)

-

U_pdated intensity target

August 2022 update: reduce !
intensity 45% from 2005 by Target: 45% by 2030 "R
2030. In progress: 37.38% . 37.38% by

by 2022 (BTR1, 30 April 2026). i1 BEREEHIEES

=]

Capacity target
'_Egpdated)
| Target year: 2030
Target: about 50% |
Rgached.' 5008%
(30 June 2025)
= 52.57% i
A4 (28 February 2026)

Updated capacity target
August 2022 update: “about 50%” i
non-fossil installed capacity by
2030. Reached: 50.08% on

30 June 2025 and 52.57% on

28 February 2026 (MNRE, AT
14 July 2025; 2031-2035 NDC). ™

= —

Status date: 1 November 2026.
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New targets for 2035

The new NDC

India submitted its NDC
for 2031-2035 on $
24 April 2026. These °
targets are newly set, §
with achievement due
in 2035. :

Cut GDP emissions b — S
intensity by 47%
from the 2005 base.

The latest reported
reduction is 37.38%
by 2022, in BTR1. 37.38%
This is a progress by 2022
measure, not proof & | (in BTR1)
that the new far:ge,f ‘A
has been achieved. (@A

; GDP emissions infensftj o
(reduction from 2005 base) ¥

Progress

Attain “about 60%”
non-fossil share in
installed electric
power capacity.

The NDC records
progress of 52.57%
on 28 Febrmry 2026.

Non-fossil share in .
installed electric power
capacity '

Progress Eji—w
52.57% wp | about 60% 'I

on
Status date for this 28 February b_y 2035

comparison: 1 November ) £026 o
2026 [ Status date for this comparison: .
' =~ 1 November 2026. 5

Sources: Day 31 Source Index | Topic 307
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Carbon sink and long-term goals

The 2035 carbon sink i e

The NDC for 2031-2035 sets a g
newly announced 3.5-4.0 billion
tonnes COz-equivalent sink )
compared with 2005. BTR! reports {.,-g.- .-
2.44 billion tonnes during by 4
2005-2022. Target year: 2035. ‘e

'y

Carbon sink (compared with 2005)‘ J

A8 etRe Govs-2022) )
oy 2.44 billion tonnes | |
’ oy C02-equivalent 4/

A

R

NDC (2031-2035)
3.5-4.0 billion tonnes
C02-equivalent
2035 -

i

Net zero in 2070

The long-term goal was in
Panchamrit at COP26 on
! November 2021, and the .
strategy of 14 November 2022. i
It is restated in the NDC for
2031-2035.

| Target year:

o

Added in the August 2022 i, M
update, with no target year. &
Mission LiFE launched on /W%’
20 October 2022 and is "B ¥Y
named again in the NDC ‘<Xidty)

for 2031-2035. -\"' ety

.-,..t'-i’:p‘A q}-“ K ' v

Read the progress correctly

Status date: 1 November 2026.
Every intensity target and
intensity-progress figqure uses
2005 as its base.

4 2030 targets — progress (status: 1 November 2026) i 2

W [ First NDCs ,- m— B
4 [E_f_y A e #

A S r -1
i g i

S First NDC’SI } v~ Met '

% capacity goa

| 2022 capacity 30&«’_ ] [ [l
r 45% intensity cut ! o Still being l E /6

i |« worked towards | I
2030 carbon-sink target r Still being

Among 2030 targets, the first =
NDC’s intensity and capacity (= S5\
goals and the 2022 capacity goal §25@
are reported met. The 45%
intensity cut and 2030 carbon-sink ;
target are still being worked > ==
towards in the [atest official figures. ﬂ( Intensity # absolute emissions ‘

worked towards

1
‘is\

el Capacity # generation
S e i — ——

Sources: Day 31 Source Index | Topic 307
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Climate target exam tmps

Intensity is not fotal emissions

NDC targets cut emissions
per unit of GDP. Total
emissions can still rise
while the target is met. TSN Nl o TP S s
Emissions intensity @ NDC target :

,5 reduce emijssions
per unit of GDP
(intensity),
not total emissions.

The Panchamrit commitment
expressed in tonnes is a cut
against projected emissions,
not against a past year’s
émissions.

Total emissions (tonnes)

GDP (value)

Panchamrit commjtment

Projected a cut against Lower
emissions projected emissions emissions

(tonnes) > (tonnes)

Capacity is not energy or generation

The NDC counts installed
electric power capacity _
from all non-fossil sources,

including large hydro and
nuclear. Panchamrit's 50%
concerns enerqy requrremen’fs 5
met by renewables. sl |,

Crossing the capacity mark (P _pac:ty W Generation 7
does not mean half of India’s | Installed electric power |
electricity is generated from N capacity (from all non-fos

non-fossil sources. ' sources, including [arge
k_ hydro and nuclear).

ol /;Z Actual electricity genemted \

or enerqy produced. l

The document is the {Updated'
First Nationally Determined :
Contribution”, for 2021-2030.
It changes only the goals

marked updated.
It is not India’s second NDC;

Sources: Day 31 Source Index | Topic 307
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CSIR: organisation and purpose

The Council of Scientific and Key institutional details
Industrial Research (CSIR) is a ® Name: Council of Scientific and |
registered society under the Industrial Research (CSIR) |

Department of Scientific and

Legal status: Registered society |
Industrial Research (DSIR), |

Under: Department of Scientific and

Ministry of Science and Industrial Research (DSIR)
Technology. It operates a ® Ministry: Ministry of Science and |
national network of research Technology ‘
laboratories. e Network: Runs a network of national

laboratories spread across India )

CSIR at a glance

e Origin and legal status

|
e Leadership }
e Laboratories and cities

e Research fields ‘
e Missions ‘

e Awards

Network of national laboratories (illustrative)

Laboratory: CSIR-NCL Laboratory: CSIR-IITR Laboratory: CSIR-CMERI
City: Pune City: Lucknow City: Durgapur
Field: Chemical sciences Field: Toxicology Field: Mechanical engine.ering

r[:—_—~ ——
[V Research

(" Development
[V Innovation |
|Z Industrial application | |

—, ‘
lllustrations are schematic
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2.1 What CSIR s

Point  Fact (as on 7 November 2026) o “Ex officio” means by virtue of
Full name Council of Scientific and Industrial the office: whoever holds the
== fesoafich office holds the CSIR post.
Origin Registered as a society on 12 March
1942; the Government Resolution on
CSIR is dated 26 September 1942 e CSIR is under DSIR. not the
Legal status | A society registered under the Department of Science and

Societies Registration Act (XXI of 1860)

Technology (DST).

| President The Prime Minister, ex officio
(Shri Narendra Modi)

' Vice-President | The Minister in charge of the ministry | ——— s

or department that deals with CSIR,
ex officio (Dr Jitendra Singh, Mmlste.r

of State for Science and Technology
and Earth Sciences) { Anusandhan Bhawan ]

I DirectoreGeneral]l The principal executive officer of the
society; Dr (Smt) N. Kalaiselvi,
Director-General, CSIR and Secretary,

DSIR
' Parent DSIR, Ministry of Science and

department Technology

Headquarters Anusandhan Bhawan, 2 Rafi Ahmed F o XA PR S— Y7
Kidwai Marg, New Delhi Mg g ' T s

Network 37 national laboratories, 39 outreach | %% e i i_g“ﬁ.’:‘"‘“‘
centres, 1 innovation complex and TRy v gt
3 units with pan-India presence iy . :

e
President

(The Prime Minister)
(Shri Narendra Modi)

v

Vice-President
(The Minister in charge of the
ministry or department that
deals with CSIR)
(Dr Jitendra Singh, Minister
of State for Science and

| Technology and Earth Sciences) |

v

Director-General
(The principal executive officer
of the society)
(Dr (Smt) N. Kalaiselvi)

lllustrations are schematic
Day 32 | Topic 317 | Panel 2/15

CSIR
Laboratory

Innovation oy
Complex

'( 37 1

national outreach innovation units WH.:h
| laboratories centres complex J pan-India
presence
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2.2 Origin and governance

o

1 April 1940: Board of 12 March 1942: CSIR registered under the
Scientific and Industrial Societies Registration Act.

Research (BSIR) created;
Shanti Swarup Bhatnagar
appointed Director.

26 September 1942: Government Resolution
establishing CSIR.

He became CSIR’s Registration and establishment are
founder Director. distinct dates.
i
Societies N’ Government
Registration Resolution
Act 12 March 1942
(Registration)
= = 26 September 1942 |
=5 = (Establishment)
Le Sl
- J
President: Prime Minister, r T l
ex officio. S ) N
President Vice-President %’;‘g‘:tor' =
Vice-President: Minister (Prime Minister, || (Minister in charge !""'!’“[
in ch f the minist fFici of the ministry or (principal
In charge or the minisiry ex officio) department executive officer
or department dealing dealing with CSIR, and ex officio
with CSIR, ex officio. ex officio) p-diotaty ch Gt
L & R society) |
; . | J
Director-General: principal '
executive officer and ex officio The Governfng Body
Secretary of the society. administers, directs and controls

the society’s affairs and funds.

N. Kalaiselvi became
Director-General in
August 2022. As on

7 November 2026, she is
Director-General, CSIR
and Secretary, DSIR.

lllustrations are schematic
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Vision and mission

Vision: S Sustainable
) » : Sy nnovative luti
to raise the quality of life of India’s o =" "o . SORFEIONS P
citizens through innovative science  technology / bl ding
and technology and globally

competitive research and development,
by building sustainable solutions
and capacity to fulfil the dream of
Atmanirbhar Bharat.

Atmanirbhar
Bharat
s ¢ ‘s‘;{l'ﬁ 2

S i e Y
- Mission:

thirteen points. Among them:

o technology innovation, 1( e design and development of ¢ scalable green energy
translational research and small and medium civil technologies;
commercialisation linked to aircraft; ki
national goals; | ' '

|Aircraft hangar / e Green

Civil aircraft

Solar
~ energy

=l ik i
Y - e
| Technology innovation - = e s~ WA . S I i
(linked to national goals) e ( Scalable green energy |
e globally benchmarked o sustainable agriculture o technologies for carbon
sustainable chemical and nutritional security neutrality and net zero
processes that reduce the through biotechnology; in industry.
trade deficit; = b
E \ Biotechnology =
oL ,.-!- — — = o <] - I I.
g!l!.}!"' ﬂ % E SustnmaHe '{fil!ﬁ?.
jrpess I I x\[
st TS Globall :
I—: EEL D] | & Gkt
I Reduces
- ‘ Chemical a5 izm‘l’ﬁd*

/I process AEiE el

lllustrations are schematic
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2.4 The size of the network (as on 7 November 2026)

@ As on 7 November 2026: 37 national laboratories, 39 outreach centres,
1 innovation complex and 3 units.

e CSIR-Innovation Complex is in Mumbai.

e AcSIR, Ghaziabad; TKDL, New Delhi; and URDIP, Pune are other bodies/units,
not members of the 37-laboratory count.

National laboratories =

1 = : 8 Outreach centres
-~ Eile i

: "ll mh!! !!!!Frl‘l

Five clusters: biological sciences, chemical sciences, engineering

sciences, information sciences and physical sciences.

Biological
sciences

~ Chemical ' Engineering
sciences sciences
CSIR
Network
~ (5 Clusters)
Information Phy sical
sciences sc:ences

| .p 1"
lllustrations are schematic
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2.5 The laboratories by field

The 37 laboratories are grouped into five scientific clusters. AcSIR, TKDL and
URDIP are not included in this laboratory count.

-

CSIR cluster (number of laboratories)

Laboratories and their cities

Biological sciences (11)

o Centre for Cellular and Molecular Biology (CCMB), Hyderabad,;

o Central Drug Research Institute (CDRI), Lucknow;

o Central Institute of Medicinal and Aromatic Plants (CIMAP),
Lucknow;

e Central Food Technological Research Institute (CFTRI), Mysuru;

e Institute of Genomics and Integrative Biology (IGIB), Delhi;

o Institute of Himalayan Bioresource Technology (IHBT), Palampur;
o Indian Institute of Chemical Biology (IICB), Kolkata;

o Indian Institute of Integrative Medicine (IIIM), Jammu;
o Institute of Microbial Technology (IMTECH), Chandigarh;
e Indian Institute of Toxicology Research (IITR), Lucknow;
e National Botanical Research Institute (NBRI), Lucknow.

-

4

e Central Electrochemical Research Institute (CECRI), Karaikudi;

e Central Leather Research Institute (CLRI), Chennai;
o Central Institute of Mining and Fuel Research (CIMFR),

Dhanbad;
e Central Salt and Marine Chemicals Research Institute
(CSMCRI), Bhavnagar;
o Indian Institute of Chemical Technology (IICT), Hyderabad;
e Indian Institute of Petroleum (IIP), Dehradun;
o National Chemical Laboratory (NCL), Pune;
e North-East Institute of Science and Technology (NEIST), Jorhat;

o National Institute for Interdisciplinary Science and

Technology (NIIST), Thiruvananthapuram.

lllustrations are schematic
Day 32 | Topic 317 | Panel 6/15
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2.5 The laboratories by field (2/2)
[—CSIRL cluster (number of faboratories) Laboratories and their cities ]

Advanced Materials and Processes Research
Institute (AMPRI), Bhopal;
Central Building Research Institute (CBRI), Roorkee;

ikl Central Glass and Ceramic Research Institute (CGCRI)
machine Kolkata;

e Central Mechanical Engineering Research Institute
(CMERTI), Durgapur;
e (Central Road Research Institute (CRRI), New Delhi;

e Institute of Minerals and Materials Technology (IMMT),
Bhubaneswar;

e National Aerospace Laboratories (NAL), Bengaluru;

Engineering sciences (10)
= Bridge

b

e National Environmental Engineering Research Institute
(NEERTI), Nagpur;

e National Metallurgical Laboratory (NML), Jamshedpur;
e Structural Engineering Research Centre (SERC), Chennai

Steel Concrete  Glass Ceramic
section block pane tile

| InFormahon sciences (2) e National Institute of Science Communication

and Policy Research (NISCPR), New Delhi;

e National Institute of Data Science and
Artificial Intelligence (formerly CSIR-4PI),
Bengaluru

Data ana!'ysis
on computer

Data server

PhySiCﬂ’ sciences (5) Oceanographic
4 ok researci

o !
=3 oav + gy BT '

| Central Electronics Engineering Research
VERE Institute (CEERI), Pilani;

e Central Scientific Instruments Organisation
(CS10), Chandigarh;

e National Geophysical Research Institute
(NGRI), Hyderabad;

e National Institute of Oceanography (NIO), Goa;
o National Physical Laboratory (NPL), New Delhi

—=

- ismogh
(geophysical study)

Electronic

measuring instrument e

lllustrations are schematic
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Laboratory-city pairs

Several laboratories in one city: ~ Mining and mechanical engineering:

Hydcrabad has three (CCMB, IICT, the mining and fuel {abora.tory
NGRI). Lucknow has four (CDRI, (CIMFR) is at Dhanbad; the
CIMAP, NBRI, IITR). Chandigarh mechanical engineering laboratory
has two: CSIO, the instruments (CMERI) is at Durgapur; the

labor‘atory, aﬂd IMTECH, the meta“urg}j Laboratorj (NML)
microbial technology laboratory.

Chennai has two (CLRI and SERC),
Kolkata two (IICB and CGCRI),
and New Delhi three (NPL, CRRI
and NISCPR).

NPL, New Delhi:

is the National Metrology
Institute (NMI) of India. Its
mandate is to develop
measurement and calibration
standards that are internationally
accepted. CSIR-NPL maintains
Indian Standard Time (IST).

lllustrations are schematic
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2.7 Andhra Pradesh and Hyderabad

Institutional comparison

CSIR laboratories in Hyderabad

CCMB (cellular and molecular biology)
IICT (chemical technology)
NGRI (geophysics)

Hyderabad is in Telangana.

DRDO laboratories in Hyderabad

DRDL, RCI, ASL and DMRL.

These belong to the Ministry of Defence, not to CSIR.

Andhra Pradesh

None of the 37 laboratories in the CSIR network is located in Andhra
Pradesh (as on 7 November 2026).

lllustrations are schematic
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2.8 Missions and achievements

Key takeaways:

o Aroma Mission has been implemented in

Mission or achievement refers to a

focused government or scientific

ol e ot : two phases.
initiative that aims to promote o It promotes cultivation of aromatic plants,
a specific activity, expand its builds skilled human resources and supports

’Farming families.

. : e Lavender in Jammu and Kashmir has expanded
such as in agrlcu!fure and with planting support and distillation units.

aroma Crops. e Bhaderwah is recognised as the Lavender
capital of India.

scale and create wider benefits,

Aroma and lavender value chain (illustration)

Planting support Distillation Lavender
lavender (free plants) units oil

Mission or achievement What it is Status date
Launched by the Union Ministry of Science
Aroma Mission, _ an?( Technology. In Ph;sa I, ESIR he!;;ed As of
cultivation on 6,000 hectares, covere
Phase I 46 Aspirational districts and trained £6: Janinry €0-¢
more than 44,000 persons
Launched after Phase I. It proposed to
g engage over 45,000 skilled human resources
' Aroma MISSIOH, and benefit more than 75,000 farming families. As of
Phase II CSIR-IHBT, CSIR-CIMAP, CSIR-NBRI and 16 January 2022
CSIR-NELST take part in Phase II along with
CSIR-IIIM
CSIR-IIIM, Jammu, introduced (avender
Lavender in (its variety RRL-12), gave more than 30 lakh
7 d . free lavender plants and installed 50 distillation As of
SR | units (45 fixedP and 5 mobile). More than 2,500 4 June 2023
Kashmir - farmers grow lavender in Jammu and Kashmir.

This is known as the "Purple Revolution”

Bhaderwah is known as the Lavender capital T
Bhaderwah - of India. Lavender oil output there rose from >0
300 litres in 2019 to 1,500 litres in 2022 | 4 June 2023

lllustrations are schematic
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2.8 Missions and achievements

-

e
Mission or achievement What it is Status date

CSIR-IIIM received the CSIR award
Rural ‘7“?-""“”0P"“"-"’lt for S&T innovations for rural As of

award development (CAIRD-2020) for | 4 June 2023
its lavender work

e

( Lavender cultivation ‘ € Disti”aﬂon anit ) [ Lavendér oil

(Distillation ' — CCon@er[se_r")

Higher income

Be o nad L Agriculture-based

start-ups

marginal farmers

I e

e The Aroma Mission is a flagship project of CSIR under which
lavender cultivation is promoted. Its aim is to raise the income of

small and marginal farmers and to develop agriculture-based

start-ups.

e I S

lllustrations are schematic
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Science awards

The Shanti Swarup Bhatnagar Prize is named after CSIR’s founder
Director. It was first awarded in 1958 and covered seven fields

of science.
‘r—
—:{ Vig;m Ratna —j\

Rashtriya Vigyan PR e : &
JdEvAg ¥, PR [—> Vigyan Shri e J En
Puraskar was y o e e .

4 Vigyan Vigyan Yuva-Shanti categories
gangunceoion Puraskar | F—> Swarup Bhatnagar ? across

21 September 2023. " (for young scientists 13 domains.

L up to 45 years | | - ~

~

——){ Vigyan Team .

= o

>

13 domains |

lllustrations are schematic
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CSIR and other research organisations

e DRDO is the research and development wing of the Ministry of Defence,
formed in 1958. As on 17 October 2026, it has around 41 laboratories
and 5 Young Scientist Laboratories.

o Keep CSIR’s laboratory network separate from DRDO and from research
bodies such as ICAR, ICMR, DBT, IISc, IITs and the Anusandhan National
Research Foundation.

( Indian Research Orgam’satfons)

| ! B |

i “\! - B =

CSIR DRDO ICAR, IISc, | Anusandhan
laboratory ICMR thj Iﬂ's " National
ana other ||
network BRRET national FReszar:.hn ‘
‘ Peedarti| | Toundacio |

institutes ‘

lllustrations are schematic
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Extra section: CSIR in date order

Registration: | Establishment:
L 12 March 1942 J T | 26 September 1945

™

Lavender oil output at Bhaderwah

Example: Pictograph (Lavender oil output at Bhaderwah)

Key (Legend):

2019:
300 litres

B

2022:
1,500 litres

One bottle =
é 300 litres

2 ® 0

CSIR in date order

1

12 March 1942

Date

April 1940

26 September 1942 | Government Resolution on CSIR; CSIR established

1958

By 16 January 2022

2019 to 2022

' August 2022
4
21 September 2023

June 2023

lllustrations are schematic
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Event

Board of Scientific and Industrial Research created, with
Shanti Swarup Bhatnagar as Director

| CSIR registered as a society under the Societies Registration

| Act (XXI of 1860)

J Shanti Swarup Bhatnagar Prize first_givgby_C-SI_R_

| _T_avend_e.r_ai[ output at _Bh.cEwah ;ises_f;‘om 300 [Ees to 1,500 [itre;s_
| Aroma Mission Phase I_compieted (6,000 hecfdres, 46 Aspirational |

| districts); Phase II launched
| N. Kalaiselvi becomes Director-General of CSIR

‘. Bhaderwah called the “Lavender capital of India”

- Swarup Bhatnagar category

| 7 November 2026 ! CSIR gives 37 national laboratories and 39 outreach centres

1 ____ S—
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I
Key distinctions

(1, Counting.

CSIR gives 37 national
laboratories and 39 outreach
centres (as on 7 November
2026). Do not swap the two
figures.

DRDO’s “around 41

laboratories” belongs to a
different organisation, under

the Ministry of Defence.

Y

" 2. Look-alike “National” laboratories. ‘

NAL is the aerospace
laboratory at Bengalury;
NML is the metallurg
laboratory at Jamshedpur;
NCL is the chemistry
laboratory at Pune; NBRI
is the botanical laboratory
at Lucknow; NEERI is the
environmental engineering

laboratory at Nagpur.

One changed letter moves
a laboratory to another
city and another field.

\

_NAL | NML | NCL |
aininin
A laborat Metallur Chemistr
erzipgiigzi::: i (a.bomtoryg‘;r;.t [abora.toryyat
Jamshedpur Pune

a 7
Environmental enginecring

laboratory at Nagpur

Botanical laBomry
at Lucknow

)

S o

3. CSIR or DRDO in Hyderabad. 1

CCMB, IICT and NGRI are
CSIR laboratories, under
DSIR in the Ministry of
Science and Technology.

DRDL, RCI, ASL and DMRL
are DRDO laboratories,
under the Ministry of Defence.

A guestion that puts IICT
under DRDO, or DRDL under
CSIR, is wrong.

| CSIR (Hyderabad) . DRDO (Hyderabad) |

G; W] (el Ry -
[ ol g _J_: N2

@y dﬂﬁ}i
‘.Eu} Mi
J

DRDL ) [ RCI | | ASL | [DMRL

Ccowe T NGRr
Under DSIR in the = I

Ministry of Science and |
?;chno[qg_}f il Jl L

{Ind_;r the Mir_xis’cry i
of Defence J

lllustrations are schematic
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