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WHAT IS IT?

SpaDeX: meeting in space

SpaDeX is the name of a new
mission to be flown by the
Indian Space Research
Organisation (ISRO). During the
mission, two satellites will be
launched into orbit around the
earth, where they will
demonstrate technologies to
dock and undock while in
motion.

ISRO needs to master
in-space docking so that
satellites launched in separate
rocket launches can link up to
perform more sophisticated
tasks. The technology will be
essential for the ‘Bharatiya
Antariksh Station,’ a new
India-made space station ISRO
has begun work on.

If the SpaDeX test is
successful, India will become
the fourth country in the world
to have a space programme
capable of docking in space.
The satellites for the SpaDeX
mission will be launched
onboard the PSLV C60 mission.
The launch is expected to
happen on December 30, 2024.

Each of the spacecraft weighs
about 220 kg. The rocket will
launch them simultaneously but
independently into a
470-km-wide circular orbit at a
55° inclination, with a local time
cycle of about 66 days.

The docking manoeuvre will
be SpaDeX’s primary objective.

7__ B e — — -
The two satellites, dubbed ‘Chaser’ and ‘Target’, involved in
the ISRO SpaDeX mission. ISRO

Once it has been accomplished, the two
satellites will proceed to the secondary
objectives: “the transfer of electric power
between the docked spacecraft, which is
essential for future applications such as in-space
robotics, composite spacecraft control, and
payload operations after undocking,” per an
ISRO statement.
With agency inputs

-The Hindu Bureau
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In big update, minimum possible
mass of dark matter particles revised

In 1922, Jacobus Kapteyn estimated the density of dark matter. Since then, a century of sophisticated measurements has held up the figure. It's equal to the heft of two protons
per teaspoon, which means your house could contain dark matter with a mass equivalent of a trillion protons — but herein lies the rub

Nirmal Raj

ark matter is an enigmatic,

invisible substance supplying

five-sixths of the matter of the

universe. Unlike photons, the
particles of light and the particles of dark
matter need to have non-zero mass, or
else the dense and intricate structure of
matter on cosmic scales will not form.

How light can a dark particle then be?

For decades, scientists thought this
minimum mass was about 107 times the
mass of a proton. But in May this year,
theoretical ph; s revised the limit and
pushed it up by an order of magnitude to
2.3 x10™ proton masses. This is a
significant update in the world of dark
matter.

Uniformly or in lumps?

To understand these numbers and their
importance, let us first build a mental
picture of dark matter. Dark matter is said
to be everywhere in the universe. Does
that mean it is in your house? In 1922,
Dutch astronomer Jacobus Kapteyn
studied the motion of stars neighbouring
the Sun and concluded the density of
“dark matter” (using that term for one of
the first times) must be 0.0003 solar
masses per cubic light year.

Since then, through a century of
increasingly sophisticated measurements,
the accuracy of Kapteyn’s conclusion has
held up remarkably well. This density of
dark matter can be re-expressed as the
heft of two protons per teaspoon, which
means your house could contain dark
matter with a mass equivalent of a trillion
pl"ﬂ(()l]s.

But this would also be naive: Kapteyn’s
and subsequent measurements are only
valid when regarding the
million-cubic-lightyear volume and don’t
apply when we zoom in for a closer look.
This is because stars, whose motion is
used for the measurement, are
themselves separated by a few light years.
Whether or not dark matter is present on
smaller length scales would depend on
how it is distributed: either uniformly or
in lumps.

An occasional visitor?
Let’s assume it is spread around like fine
flour, which the standard theories of
cosmology also predict. If it comes in
lumps, the spacing between them may be
as large as many light years, and there will
perhaps be no dark matter under your
roof.

Now, since we know the local density
of dark matter, the value of the unknown
mass of the dark particle will determine

AHubble Space Telescope view of the galaxy NGC2985. The evidence for dark matter emerged in the 1970s when astronomers found an unusual pattern in the
rate at which stars in a galaxy rotated the farther they were from the centre. JUDY SCHMIDT/NASA

the sepa n between two neighbouring
particles. If it is 100 proton masses, the
inter-particle separation will be 7 cm.
‘Then dark particles at any given moment
will not only be in your house but also in
your head.

If dark matter is made of an
elementary particle, the heaviest it can be
is about 10 times a proton’s mass. In that
case the interparticle separation would be
30 km. So dark matter won’t be a resident
of your house but will visit occasionally
(since the particles travel randomly at
around 300 km/s).

Then again, a 10% gram agglomerate of
dark particles would be apart by more
than the size of the solar system, reducing
our chance of discovering them.

Fluid rather than a flock
What about small masses? At 10* proton
masses, every red blood cell in your body
will contain a dark matter particle. But
now quantum physics becomes
important. Every object is also a wave,
with its wavelength given by the inverse of
its momentum. Thus the lighter a dark
matter particle is, the larger its
wavelength will be. For 10" proton
masses, the wavelength will be about 2
cm, much larger than its micrometre
interparticle separation.

So for small masses, we must picture a

It’s not every day that particle
cs gets to redraw a
fundamental goal post by an
order of magnitude. And it is a
sign of our times that this could
only have been done with
computers as opposed to a
blackboard

collection of dark particles as a fluid
rather than as a flock of grains

If we now dial the mass of a dark
particle all the way down to 10% proton
masses, the wavelength is 200 light years,
about the size of a dwarf galaxy. The
substance of a dwarf galaxy is chiefly in
the form of dark matter, with only about
1% contribution from stars. This simple
fact translates to a res on on the dark
matter particle’s mass: it must be greater
than 10 proton masses. If it were lower,
its spatial extent would exceed the dwarf
galaxy, and we can’t form a macroscopic
object smaller than its microscopic
constituents.

The time of computers

This is where the paper from May
matters. Its authors have shown that this
lore is too simplistic and that researchers
can do something sharper. First, using

THE GIST

Scientists thought the
minimum mass of dark matter
was about 10 times the mass
of a proton. But in May,
theoretical physicists revised
the limit and pushed it up by
an order of magnitude to 2.3 x
10* proton masses

v

If the mass of a dark particle
is 10, the wavelength is 200
light years, about the size of
a dwarf galaxy, which is
chiefly dark matter. This
restricts the dark matter
particle's mass. It must be
greater than 107, If it were
lower, its spatial extent would
exceed the galaxy

v

Researchers inferred the dark
matter density in Leo IL.They
matched the two sets of
density profiles — empirical
and theoretical. They found
that Leo Il contained more
invisible mass, which dark
particles of 10* proton mass
couldn’t account for

data on how stars move in Leo II, a dwarf

galaxy orbiting the Milky Way, th
inferred the dark matter density initasa
function of the distance from its centre.
This density profile isn’t unique due to
measurement uncertainlius, SO (}\L’)’
generate a set consistent with the stellar
data. Next, they numerically solved the
Schridinger equation after modifying it to
account for gravity and obtained an
ensemble of density profiles. Finally, they
carried out a statistical procedure to
match the two sets of density profiles

the empirical one from observing Leo I
and the theoretical one from solving the
equation.

Their key finding here was that the
inner regions of Leo II contained more
invisible mass which dark particles of 10*
proton mass couldn’t account for. Thus
they surmised heavier particles are
needed to accommodate the inner
crowding.

It’s not every day that particle physics
gets to redraw a fundamental goal post by
an order of magnitude. And it is a sign of
our times that this could only have been
done with computers as opposed to a

blackboard.
(Nirmal Raj is an assistant professor of
theoretical ph at the Centre for High

Energy Phy: n the Indian Institute of
Science, Bengaluru. nraj@iisc.ac.in)
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Quick action: Traffic police have started using speed guns to crack down on speeding vehicles in Puducherry in September, 2023. 5.5, KUMAR

The principle behind the working of a
speed gun, used for motion tracking

A speed gun is a device to measure the speed of a moving object without having to be in contact with the object. Speed guns are widely used by law

enforcement officials to monitor traffic speed. by coaches to gauge the performance of their athletes, and in various other industries

Amartya Srinivasan
Vasudevan Mukunth

he world of today is a world in

motion. People constantly

want to get somewhere. The

heavens are filling up with
satellites, our skies with airplanes and
rockets, our seas with ships and
submarines, and our land with cars,
bikes, and trains. Humans have

velocity. Say there’s a man sitting at the
centre of a field blowing a whistle. The
sound waves move out in a circular,
concentric pattern with the whistle at the
centre, and evenly spread out. A woman
standing at the edge of the field will
receive these waves at frequent intervals
—as and when the waves’ crests reach
her. (Since sound waves move at 343 m/s
in air, human ears can’t hear the gaps.)
Each wave has a frequency and a

Joped laws, rules, technologies, and
subsequently entire industries to make
sure all these vehicles move smoothly,
without harming humans or each other. A
small but significant piece of this picture
is the speed gun.

What is a speed gun?

A speed gun is a device to measure the
speed of a moving object without having
to be in contact with the object. To
achieve this, the device bounces
electromagnetic radiation of a specific
frequency off the object, capturing the
reflection and using the Doppler effect to
infer the object’s speed. Speed guns are
electronic, and use complex circuitry to
emit the radiation used to make the
measurement.

These devices are widely used by law
enforcement officials to monitor traffic
speed, by coaches to gauge the
performance of their athletes, and in
various other industries in need of
accurate motion tracking.

‘What is the Doppler effect?

The Doppler effect is named for the
Austrian physicist Christian Doppler and
relies on the simple concept of relative

»  HIH Y, B 3R 3 I & 59P Sy g

length. A higher frequency produces
a higher pitch and vice versa.

Now, say the whistling man is moving
around the field on a buggy. If the buggy
is moving towards the woman, the waves
in front of the vehicle become bunched
up. In other words, from the woman’s
perspective, the waves would have
acquired both the speed of the buggy in
addition to the speed of the sound wave.
Thus the waves will reach the woman
more frequently, and she will perceive a
higher pitch. (For the same reason, the
sound will have a lower pitchina
direction behind the buggy.)

This is why, when a train moves into a
station, people on the platform will hear
the horn blowing at a higher pitch than
when the train is leaving the station. This
effect is the Doppler effect.

The speed gun was originally
developed during World War II for
military use and applies the effect using
radio waves rather than sound waves. A
speed gun has a radio transmitter and a
receiver. The transmitter emits radio
waves, which the person holding the
speed gun can direct at an object. The
receiver collects the waves reflected by
the object back in the direction of the

speed gun.

If the object is approaching the speed
gun, the frequency of the returning waves
will be slightly higher than that of the
transmitted waves. A simple computer in
the gun can deduce the object’s speed
based on this difference.

How are the speed and the effect
linked?

All electromagnetic waves have a fixed
speed — equal to the speed of light in that
medium. In vacuum, this value is denoted
€: 299,792,458 m/s. Any change in the
frequency the speed gun detects directly
corresponds to the Doppler shift caused
by the object’s motion. This principle is
powerful because it allows the speed gun
to work accurately over a wide range of
distances and velocities without being
affected by air resistance.

A speed gun can calculate the speed of
a moving object by multiplying the
difference (between received and emitted
frequencies) with ¢ and dividing by the
emitted frequency times 2.

This relationship shows how the
difference is directly proportional to the
speed of the object: the faster it moves,
the more pronounced the difference will
be. In other words, the only condition is
that the object should be moving much
slower than the speed of light — which is
the case in most, if not all, practical
applications of the speed gun.

Do speed guns have shortcomings?
The technology to emit radio waves is
ubiquitous today. The principle is simple:
when an antenna is excited by an
alternating current with a radio-wave

frequency, it emits radio waves.
Radio-wave frequency is in the range of
30 Hz to 300 billion Hz.

For a long time, the equipment to
produce the waves was bulky. This
changed when scientists invented
transistors in the 1940s. Electronic
circuits built using transistors
considerably simplified the process of
producing radio waves and also made the
transmitters much smaller.

However, radio waves have intrinsic
shortcomings that transmitters can’t fully
adjust for. For example, radio waves
diverge as they move through the air. If an
antenna is 5 cm long, the waves it emits
will diverge by 22° to either side,
producing a beam that is 44° wide overall.

Such a beam could strike more than
one moving vehicle and produce
inaccurate speed readings.

A continuous-wave radar — which emits
radio waves and tracks their reflections
continuously — may also produce
readings due to multiple vehicles.

Engineers have developed systems to
compensate for these errors but the
resulting setups have been more
sophisticated and more expensive.

For such reasons, LIDAR speed guns
have been replacing radar counterparts.
The name is short for ‘light detection and
ranging’. LIDAR uses laser light instead of
radio waves; the gun’s operation is
otherwise similar. Laser light has very low
divergence and thus offers better
targeting.

Amartya Srinivasan is a Class XI student
at P.S. Senior Secondary School, Mylapore,
Chennai. Vasudevan Mukunth is deputy
science editor, The Hindu.
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Will satellite broadband services
truly be a game-changer?

As the race to provide satellite Internet heats up, questions on cost, pricing, spectrum allocation, viability and potential pop up; back in India,

Forrester Research said satcom may be dead by the time it arrives in 2025, stating companies may be hard pressed to compete in terms of pricing

NEWS ANALYSIS

Vallari Sanzgiri

terms of broadband

penetration  today,
even after 25 years of ter-
restrial mobile services. If
we continue to behave the
way we are (blocking the
entry of new players), we
will remain in this state for
another 25 years and Viksit
Bharat can go out of the
window — Debashish Bhat-
tacharya, Senior Deputy
Director General, Broad-
band India Forum (BIF)

“What they want is that
existing operators pay for
this spectrum through the
nose, invest a lot of capex
but the new operator
should be given a red car-
pet, free spectrum to start
competing. This kind of
demand should not have
come.” — Ravi Gandhi, reg-
ulatory executive, Reliance
Jio Infocomm Ltd.

The race to provide sa-
tellite broadband connec-
tivity in India is leading to
some fiery exchanges. Mr.
Gandhi and Mr. Bhatta-
charya were but two of the
voices heard during the Te-
lecom Regulator of India’s
(TRAI) open house discus-
sion in November. The
heated discussions centred
over spectrum allocation
for satellite-based commu-
nication (satcom) services.

There are a whole set of
other discussions too on
satcom starting from cost,

l ndia is 48% lacking in

pricing, spectrum alloca-
tion to even voices asking
about if was really viable.

Answer to digital divide

Lt. Gen. A.K. Bhatt
(retd.), Director General,
Indian Space Association
(ISpA) takes on the ques-
tion on the need for sat-
com. “It can overcome the
digital divide in difficult ge-
ographies where the cost
of putting fibre is too high.
Satellites are like fibre in
space. In urban areas, it is
useful for backhaul servic-
es, for additional capaci-
ties.” Satcom technology
connects various points on
the Earth using the satel-
lites orbiting in space, able
to reach remote hinter-
lands of the world.

On the issue of spec-
trum allocation, the feel-
ings run high because of
the enormous investments

e 4 *
A% ;

Costly space: Satcom services’ price economics can throw spanner in the works. GETTY IMAGES/ISTOCK
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A KPMG report in the
year 2023 stated that
satcom had reached a
valuation of $2.23 billion
and was predicted to
reach $20 billion by the
year 2028

gone in. A KPMG report of
2023 stated satcom had
reached a valuation of
$2.23 billion and was pred-
icted to reach $20 billion
by 2028. Even legacy telcos
like Bharti Airtel Ltd. re-
ferred to the “lakhs of
crores of rupees” of invest-
ment made by them over
the past three decades. It is
this investment that made
the legacy players push for
auction of spectrum, citing
concerns of an uneven

playing field and undue ad-
vantage to new players like
Elon Musk’s Starlink or
Amazon’s Kuiper.

Administrative method

Meanwhile, those against
the idea of auction point
out that world over spec-
trum is authorised by the
administrative ~ method.
For now, it appears the go-
vernment is leaning in fa-
vour of allocating spec-
trum. Yet, it is worth
asking whether the tech-
nology deserves all the fan-
fare considering satcom is
to be complementary to
existing fibre or wireless
connections rather than
compete with existing ser-
vices. Even Sateliot, one of
the first satellite operators
based in Spain to offer IoT
connectivity, has been
working since 2018 and is

only hoping to go commer-
cial in 2025.

In the U.S., companies
like AT&T state that satel-
lites can complement the
existing terrestrial services
but not work in isolation.
As it explained in an inves-
tor call, ““For a customer
to only use satellite-based
service, one needs enough
satellites in space that are
engineered with that
amount of radio frequen-
cy. Also, the antenna array
of those satellites needs to
be large and strong enough
to ensure the level of ser-
vice a customer expects.
The cost per bit is also very
high currently for satellite-
based services to make it
operationally viable.”

Hence, AT&T plans to
offer satellite as a comple-
mentary to fiber/wireless
service to its customers.
This is a company that has
so far launched five com-
mercial satellites, called
BlueBirds.

Use cases, potential
Back in India, Forrester Re-
search has stuck its neck
out and said that satcom
may be dead by the time it
arrives in 2025, stating
while many companies are
warming up to the idea of
satcom, they will be hard
pressed to compete in
terms of pricing. The re-
search firm predicted that
its use cases in India will be
limited to aviation, ship-
ping, connecting remote
locations, NDMA.
“Considering the 5G

coverage in India is wides-
pread, the space that we
have for satellite coverage
to grow is very limited. The
second thing, if you look at
the space, it is price eco-
nomics. If you come to re-
tail, things start to fall
apart. In Kenya, when Star-
link launched, it struggled
to get any customers. In
one or two years, they got
around 4,500 customers.
In India, customers are
equally pricey. It’s very, ve-
ry difficult for something
like this to grow,” said Ash-
utosh Sharma, VP and re-
search director, Forrester.

However, Pranav Roach,
president of Hughes Net-
work Systems India Ltd.
disagreed stating that even
in the U.S., satellites still ac-
counts for 20-25% of the
network utilisation.

“From a consumer point
of view, availability increas-
es tremendously. So, there
will be a significant uptake
for satcom. But it will coex-
ist with other technologies.
Technical feasibility and
cost is a function of the op-
tions available and what
you need to do in case of
an emergency.

“Right now, we’re still
waiting for rules from TRAI
for spectrum allocation.
Once that comes out, we
can determine the cost and
prices,” said Mr. Roach.

Similarly, Sateliot, said
satcom as an affordable so-
lution could prove to be a
game-changer for India.

(The writer is with The
Hindu businessline)
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0 URd & eHhiH & forT SMRaTet 817 & STacie, &8 Il 39% AU U I SHUATE ofF H F1eT STerh gl
o T MY B &1 30 ¢ % YR H Yeain &1 Geg FyRor Teieh gef 3R 56 St dicer Jarsii & amy
yfaeyl & BRI TN BT US bdl ol
o YRd & Yedbq & JUIId IUarT & HrHe faarH, R, e Ml 3R orddTa arefi dd Wiid 8=
B GUET B |
0 ICTERTT & oY, o1a WRIHd BT H di- gofl, Y I I Yoo U1 & HRUT UTeeh! & SHTHd B o Tas
HRAT UST, Th Ul ot HRA | Y S18RTs o gahel! 8

» YRA H eH™ Pt HHUTGATE
o I & dTaslg, Yedid & o URd & feftea uikfRufaet d & YfieT Ay™ &) SyeT 5|
o JeHIH IUAKIAT 3R g IUINT H gafd UR U HR Johdl 7, WYHR UTHIUT 3R GRS & &3 H|
0 T8 YHIT: BIEaR 3R TR ST 3= dd-iidh o AT Te-3fdd H g1, Fores Weeh! o e 31fies fawe
Juds i |
o gTqild, YePhIH & Yhadl WaeH T FuHt 3R arTd gl & JHIUM B Bt &Har R R Hdt ]l

frepd

» HRd H Hedd B Hidw AR Afe e o1 gen 8|

» WacH 3ded R Fame Aol gg Ruifka &3 fe o dearze sieds YRd & fSiea gfard et & faar #
TRTEH ¢ Tohdl 8, WHR HH a1 a1dt &l H |

» g gAfaa o g2 € dfe Aesin I g8 e 31 o @ b a8 el Yarsil &1 M 3 & S0l 3761 R
¥4, o <lafafyl & URd &1 3% Hacs o | AT fHam |

PYQ : UPSC Prelims : 2021

UY: YRd H AT - e fawwaret &t ureq # feforea gHardl et & v R @l #¢1 39 Jay H siss:
3 HA Heayut YfireT fur Jadl 32



g'a

G*EOIAﬁS Daily News Analysis

In News : Panama Canal
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Panama canal accounts for
6 per cent of global trade

A ship covers a distance of

LA Sk

city and San Francisco
city via Panama Canal

Alternative route through
Cape Horn, the southern

J tip of South America,
takes
/ 22 500 km
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The global warming fight has a challenge for India

he outcome of the climate conference

(COP29) in Azerbaijan has been

disappointing. The meeting took place

at a time of transition in American
politics. While international climate negotiations
remain stalemated, nature is moving inexorably
towards becoming a hotter planet. The fight
against global warming requires reducing
emissions. Developed countries have accepted
2050, China 2060, and India 2070 as the deadline
for energy transition to net zero emissions by
2070.

There are two developments that will cut short
the transition time. The European Union’s (EU)
Carbon Border Adjustment Mechanism (CBAM),
which will be effective from 2026, will result in
penal customs duties on imports unless the
carbon tax in exporting countries is hiked to the
EU level. The second is increasing pressure to
accept the ‘peaking’ of emissions. The G7
Summit in Hiroshima last year, and Apulia in June
2024, called on the ‘major economies’ to accept
the peaking of emissions by 2025. This was a
reference to China and India as the EU and the
United States have already accepted ‘peaking’.

The incoming Donald Trump administration
may take the U.S. out of the climate agreements
again. Regardless of this, we must take action to
achieve a clean environment, for our own sake.
But we cannot ignore India’s development
imperative. We need more electricity to replace
fossil fuels. India’s electricity consumption is a
third of the global average. While developed
countries and China have to diversify to clean
energy sources, India has to grow and diversify.

These twin challenges entail much higher costs
and require a longer transition time. However, we
do not have the luxury of waiting till 2070 as
pressure mounts for the ‘peaking’ of emissions.
The ‘peaking’ year is an intermediate stage where
emissions plateau before declining to the net zero
stage. China has accepted the goal of peaking by
2030. India cannot remain an outlier indefinitely.
At the most, we may have a decade when our
emissions will be capped. A more compressed
transition schedule means that we have to
depend upon existing technologies. Small
modular reactors and hydrogen will take more
than a decade to become commercially viable.

Ramp up generation

Can we escape pressure for early peaking? While
targets in climate negotiations may be voluntary,
they will be enforced through bilateral tariff
measures and international financing conditions.
The peaking level will determine the quantum of
energy available for future growth. We need to
rapidly ramp up electricity generation to
establish our claim to an energy level that is
sufficient to sustain future growth before we are
constrained to accept the peaking of emissions.
China has 200 GW of new coal-based power

D.P. Srivastava

a former Ambassador
and Coordinator of
the Vivekananda
International
Foundation (VIF) Task
Force on India’s
Energy Transition in a
Carbon-Constrained
World

India’s
development
needs cannot
be ignored; as
it has to grow
and diversify to
clean energy
sources, this
would mean
higher costs
and a longer
transition time

plants sanctioned or under construction.

Reaching net zero emissions (NZE) will entail
growth in demand for electricity based on clean
sources, as new sectors such as transport and
industry are brought under electrification. This
increase will be of a much higher order of
magnitude than existing trends which are derived
from the power sector alone. What is the
minimum quantum of electricity needed to reach
NZE? Which is the cheapest generation mix
needed to achieve the minimum level? A
Vivekananda International Foundation (VIF) Task
Force on India’s Energy Transition in a
Carbon-Constrained World mandated IIT Bombay
to answer these two questions based on
mathematical modelling.

It estimated the minimum quantum of demand
for electricity as 21,000 Terawatt hours (TWh) by
2070. An International Energy Agency report has
pegged India’s energy demand at 3,400 TWh by
2040. Different timelines make a comparison
difficult. But it is worth keeping in mind that
India’s energy consumption in 2020 according to
NITI Aayog data was 6,200 TWh. Is it realistic to
peg its energy demand two decades later at half
the level of 2020, the pandemic year, when the
economic activities were slow? This is a
prescription for energy deficit and slow growth.

The Economist has suggested decoupling
growth with energy. The West has not followed
this paradigm. Will India’s service economy
minimise the need for energy? Server banks
needed to power the digital economy require a
huge amount of energy. Generative Al will
increase energy demand exponentially. This is
why Microsoft and other tech giants are turning
to nuclear power, which is the only source of
clean, firm power at scale.

Cost and land

For energy transition, the choice lies between
renewables and nuclear, the two forms of energy
that are emission-free. But which of the two
entails lower cost and land? The current
renewables tariff does not fully take into account
storage and transmission costs. A paper by the
Central Electricity Authority last year
acknowledged that the cost of renewables round
the clock ranges from 34.95 per unit to 7.5 a unit
(on the assumption of only six hours of storage).
This is higher than the tariff for nuclear power at
73.80 a unit. The VIF-IIT Bombay study has also
brought out that the renewable high option will
cost the most ($15.5 trillion), while the nuclear
high option will cost the least ($11.2 trillion) by
2070.

The VIF report has shown that the renewable
high approach will require 4,12,033 square
kilometres — double the total surplus land of
2,00,000 sq.km available in India. The nuclear
high approach will require 1,83,565 sq.km. The
renewable route for the production of green

hydrogen will increase the demand for electricity
for electrolysis and make land constraints worse.

On the margins of COP28 in the United Arab
Emirates, a group of over 20 countries, including
the U.S., France, and Japan have pledged to triple
nuclear power by 2050. Nuclear power already
provides 20% of electricity generation in the U.S.
and 70% in France. Japan joined this group
despite the legacy of the Hiroshima and Nagasaki
bombings, and the Fukushima accident. In India’s
case, there is a need for a sharper increase, as the
share of nuclear power in generation is as low as
3%.

Ramping up nuclear power requires
government support, as resources on this scale
cannot be internally generated by the Nuclear
Power Corporation of India Limited (NPCIL).
Nuclear power also needs to be given the status of
green energy as it is emission-free. Besides
operationalising existing joint ventures between
the NPCIL and public sector units, public-private
partnerships with industries in hard-to-abate
sectors should be encouraged given the looming
EU deadline for enforcing the CBAM. The bulk of
the additional demand for generation will have to
be met by larger 700 MW-1,000 MW reactors.

The issue of finance

At COP29, developed countries committed a
paltry $300 billion per year from diverse sources
by 2035 against the demand by developing
countries for $1.3 trillion. Will this distant goal
survive the Trump presidency? Most of this will
be non-concessional finance. Many developing
countries cannot absorb loans. Multilateral
development banks have their statutes, which
will require amendment.

Green finance from private sources will come
only if the tariff is raised, and the health of
DISCOMs is restored. The government cannot
bear the fiscal burden of energy transition. The
public has to be sensitised to steep hikes in tariffs
given the investment in creating new-generation
assets. This requires political consensus.

COP29 has finalised the rules for carbon
trading. This amounts to rich countries buying
the carbon entitlement of the poorer countries to
cushion their lifestyle changes. If we cannot
diversify to clean sources by the peaking year, we
will need carbon for our growth rather than a
trade-off.

The energy transition is a fight for limited
carbon space. No major economy is likely to
diversify to clean energy before the global carbon
budget runs out in the next 10 years. An equitable
share in the remaining carbon space is crucial for
future growth. We must establish our claim by
establishing high-generation capacity. The EU
and the U.S. have already claimed entitlement to
remaining carbon space by unilaterally
establishing their peaking levels. China will keep
expanding its claim till 2030.
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