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* Key Terms and Explanations

* Delimitation: The act of redrawing boundaries of Lok Sabha and Assembly seats to
represent changes in population. It ensures the principle of "One Vote, One Value."

* Dravidian Movement: A social and political movement originating in South India
(primarily Tamil Nadu) that champions the identity of Dravidian speakers against perceived
Aryan/Northern hegemony.

* Anti-Hindi Agitation: A series of protests (peaking in 1937 and 1965) against the
mandatory use of Hindi in the education system and for official purposes.

* Secessionist Plank: The initial demand by groups like the DK and early DMK for a separate
sovereign state (Dravida Nadu), later dropped in favor of greater autonomy within the Indian
Union.

* Article 343: The constitutional provision that designates Hindi in Devanagari script as the
official language of the Union, while allowing English to continue for a transitional period.

* Main Arguments and Substantive Parts

* The core thesis posits that the current resistance to Delimitation is not merely a dispute
over seats, but a revival of the identity-based resistance seen in the mid-20th century.

* The Population Penalty: States like Tamil Nadu argue that they are being "punished" for
successfully implementing national population control goals. If seats are redistributed based
on the 2021/2026 census, the North will gain significant political weight at the expense of
the South.

* Historical Parallel: Just as the 1960s generation feared linguistic erasure (Hindi
imposition), the current leadership fears political marginalization (reduced say in national
decision-making).

* The "Crow vs. Peacock" Logic: The article highlights the DMK's long-standing skepticism
of "numerical superiority" being the sole metric for national policy, whether in language or
parliamentary representation.



* Historical Evolution of the Issue

* 1920s-40s: Rise of the Justice Party and Periyar’s Self-Respect Movement; focus on anti-Brahminism and
social justice.

* 1949: Formation of the DMK; Hindi declared the official language with a 15-year transition.

* 1950s: DMK enters electoral politics; intense protests against the "Northern bias" of the Five-Year Plans and
language policy.

* 1963: The 16th Amendment (Anti-Secessionist Bill) leads the DMK to formally drop the demand for Dravida
Nadu.

* 1965: Massive anti-Hindi riots; the Prime Minister provides "Assurances" that English will remain an
associate language.

* 1976: The 42nd Amendment freezes delimitation based on the 1971 census to protect states that
implemented family planning. This freeze was later extended to 2026.

* Way Forward

* Increase Total Seats: Expand the Lok Sabha significantly so that no state /oses current seats, even if others
gain more.

* Reform the Rajya Sabha: Give equal representation to all states (like the US Senate) regardless of
population, to provide a federal check on the Lok Sabha.

* Devolution of Power: Move more subjects from the Union/Concurrent list to the State list to reduce the
stakes of "who controls Delhi."

*  Finance Commission Cushion: Ensure that the 16th Finance Commission uses criteria that reward social
performance, offsetting political loss with fiscal security.

* Previous Years' Questions (PYQs)

* UPSC Mains 2017 (GS2): "The concept of cooperative federalism has been increasingly emphasized in recent
years. Highlight the drawbacks in the existing structure."

* UPSC Mains 2013 (GS1): "Has the formation of linguistic states strengthened the cause of Indian unity?"
* UPSC Mains 2020 (GS2): "The strength of the Indian Constitution lies in its flexibility. Comment."
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How altered mosquitoes could
reshape malaria control
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» Key Terms and Explanations

* Gene Drive: A genetic engineering technology that ensures a specific trait is passed to almost all offspring, bypassing the traditional laws
of Mendelian inheritance (where there is normally a 50% chance).

* CRISPR-Cas9: A "molecular scissor" used to edit DNA with high precision. In this context, it is used to insert the gene drive into the
mosquito's genome.

* Anopheles gambiae: The primary species of mosquito responsible for the transmission of malaria in sub-Saharan Africa.
* Population Suppression: A strategy aimed at reducing or eliminating the mosquito population (e.g., by making females sterile).

* Population Modification (Replacement): A strategy where mosquitoes are not killed but are genetically altered so they are no longer
capable of transmitting the malaria parasite.

* Mendelian Inheritance: The traditional biological rule where an offspring receives one allele from each parent.

* Example: In standard biology, if one parent has a "blue" gene and one has "red," the offspring has a 50% chance for either. A gene
drive forces the "blue" gene to copy itself onto the "red" chromosome, making the offspring 100% "blue.”

* Main Arguments and Substantive Parts
e Core Thesis

* Traditional malaria control (nets, insecticides) has hit a plateau due to evolving resistance. Advanced genetic engineering, specifically
gene drives, offers a scalable, self-propagating solution to block transmission at the source without necessarily eradicating the species.

* Key Points

* Real-World Efficacy: New research confirms that modified mosquitoes can suppress parasites in "messy" real-world infections, moving
beyond sterile laboratory environments.

* The "Transmission Zero" Initiative: A shift toward localized research (e.g., in Tanzania) ensures that the technology is developed within
the regions where it is most needed, building local scientific capacity.

* Dual Strategies: * Suppression uses the doublesex gene to crash populations.
* Modification uses antimicrobial peptides to kill the parasite inside the mosquito.

* The Case for Modification: This is presented as more ecologically "gentle" than suppression because it maintains the mosquito’s role in
the food chain while rendering it harmless to humans.



* Historical Evolution of the Issue
* Pre-1940s: Focus on environmental management (draining swamps) and use of quinine.

* 1940s-1960s: The "Global Malaria Eradication Programme" relied heavily on DDT and chloroquine. Initial success was followed by massive
insecticide and drug resistance.

* 1990s-2010s: Emphasis on "Roll Back Malaria" through Long-Lasting Insecticidal Nets (LLINs) and Artemisinin-based Combination Therapy
(ACT).

* 2010s—Present: Development of CRISPR-Cas9 (2012) revolutionized the feasibility of gene drives. The focus has shifted from "killing" to "re-
engineering" the vector.

*  Way Forward
* Regulatory Harmonization: Establishing an African Union-wide regulatory body for gene drives.
*  Community Engagement: Moving beyond "top-down" science to "bottom-up" inclusion of local communities in trial designs.

* Integrated Pest Management (IPM): Gene drives should not be a "silver bullet" but should be used alongside vaccines (like R21/Matrix-M)
and existing tools.

* Environmental Impact Assessments (EIA): Rigorous, independent studies on how removing or modifying Anopheles affects local food webs.

* Previous Years’ Questions (UPSC/APSC)
* UPSC 2023 (Prelims): Question on CRISPR-Cas9 applications.

* UPSC 2019 (Mains, GS lll): "What can India learn from the experience of other countries in the field of Biotechnology for improving health and
economy?"

* UPSC 2017 (Mains, GS lll): "Give an account of the growth and development of nuclear science and technology in India. What is the advantage
of fast breeder reactor programme in India?" (Parallel to high-tech biological "breeding" programs).

* APSC 2022 (Mains): Questions regarding the application of Biotechnology in the health sector.
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* Key Terms and Explanations

* Delimitation: The process of redrawing boundaries of Lok Sabha and State Assembly constituencies to represent changes in population. The
objective is to ensure "One Vote, One Value."

* Delimitation Commission: A high-power body (often headed by a retired Supreme Court judge) whose orders have the force of law and
cannot be challenged in any court.

* Pro-rata Increase: A proportional increase. In this context, it refers to increasing seats by a fixed percentage (e.g., 50%) across all states to
maintain their current relative representation.

* Frozen Seats: In 1976 (42nd Amendment), the number of seats was "frozen" based on the 1971 Census to ensure states that implemented
population control weren't penalized with fewer seats.

* Article 81: The constitutional provision that dictates the composition of the Lok Sabha and requires the ratio between seats and population
to be uniform across states.

* Main Arguments and Substantive Parts
* The core debate centers on the 131st Constitutional Amendment Bill and the Delimitation Bill, 2026.

* The Government’s Thesis: To implement the 106th Amendment (Women’s Reservation) effectively, the total number of seats must increase.
Increasing the Lok Sabha strength from 543 to 816 (roughly 50%) would allow for 272 seats to be reserved for women without reducing the
absolute number of seats currently available for men.

* The Population-Representation Paradox: India faces a "federal dilemma." Northern states have seen high population growth, while Southern
states have successfully stabilized theirs. A pure population-based delimitation would shift political power heavily toward the North.

* Opposition Counter-arguments: * Bundling Issues: Critics argue that women's reservation should not be contingent on a contentious
delimitation exercise.

* Lack of Constitutional Guarantee: The promise of a 50% pro-rata increase was oral; without being written into the Constitution, a simple
majority in the future could change the seat allocation, threatening the federal balance.



e Historical Evolution of the Issue

* 1952-1972: Delimitation Commissions were set up four times (1952, 1963, 1973) based on recent
census data.

* 1976 (42nd Amendment): The Indira Gandhi government froze seat allocation based on the 1971
Census until 2001 to support family planning goals.

* 2002 (84th Amendment): The freeze was extended until 2026. While constituency boundaries were
adjusted in 2002-08, the number of seats per state remained unchanged.

* 2023 (106th Amendment): Passed women's reservation but linked its implementation to the next
delimitation.

* 2026 (The Current Crux): The year the freeze expires, necessitating a decision on how to balance
democracy (population) with federalism (state rights).

* Way Forward

* Constitutional Safeguards: Any pro-rata increase should be backed by a Constitutional Amendment
(not just an Act) to ensure permanent protection of the federal ratio.

* Empowering Local Bodies: As the article suggests, as the ratio of MPs to citizens grows thinner, we
must strengthen the 3rd tier of government (Panchayats) to maintain a direct democratic link.

* Bicameral Reform: Consider strengthening the Rajya Sabha’s powers or seat distribution to ensure it
acts as a more robust "House of States" to counter-balance the population-heavy Lok Sabha.

* Previous Years’ Questions (PYQs)

* UPSC Mains (2017): "How far do you think cooperation, competition and confrontation have shaped
the nature of federation in India?"

* UPSC Mains (2023): "Discuss the procedures for the formation and work of the Delimitation
Commission."

* UPSC Prelims (2012): Question on the powers of the Delimitation Commission and the finality of its
orders.
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What does U.P’s minimum
wage revision change?

How does the new wage structure balance worker welfare and industrial stability?

Vikram Karuna

The story so far:
he Uttar Pradesh government
issued a crucial notification on
April 17, in regard to the
revision of minimum wages in
the State as an interim step, with
retrospective effect from April 1, 2026.
This move comes in the backdrop of
labour unrest in industrial areas such as
Noida and Ghaziabad.

These incidents were not isolated,
highlighting concerns of wage stagnation,
rising cost of living, and disparities in
wages when compared with other
industrialised States. In response, the
State government established a
High-Level Committee comprising senior
officers, worker representatives and
emplovers from industrial zones. The
committee’s consultations and
suggestions provided the basis of the
notification,

What are the key features of the
notification?

The notification revises existing minimum
wage rates under the Minimum Wages
Act, 1948, using powers under the United

Sas P

Provinces Industrial Disputes Act, 1947.
An important provision is the division of
the State into three categories, depending
upon geographical and economic factors.

Gautam Buddha Nagar and Chazabad
are categorised as Category 1 due to their
being areas where industrial activity is
concentrated and the cost of living.
Category Il encompasses districts with
municipal corporations, while Category
IT contains the rest. In each case, wages
are set based on skill levels — unskilled,
semi-skilled, and skilled. The wage
structure comprises a basic amount and a

/ariable Dearness Allowance (VDA). For
example, in Category I, monthly wages
are fixed at ¥13,690 for unskilled labour,
215,059 for semi-skilled labour, and
{16,868 for skilled labour. The same rates
apply for Categories 11 and 111, but with
some reduction in the amount of wages
paid in the latter cases.

The introduction of the Variable
Dearness Allowance ensures the flexibility
of wages against any inflationary
pressure, while the revision of the basic
wage rate corrects structural deficiencies
in wages.

Notably, the rates specified in the
notice are interim in nature,

What is the legal and economic basis
for wage determination?

The determination of minimum wages in
the State of Uttar Pradesh involves
statutory considerations that blend legal
requirements with economic factors.
Under the Minimum Wages Act,
minimum wages are reviewed
periodically, taking into account the
All-India Consumer Price Index (CPI). The
Variable Dearness Allowance is directly
tied to fluctuations in CPI, ensuring that
real wages do not lose value due to
inflation.

The 2026 notification underscores a
key challenge: delays in wage revisions
that ought to be conducted at regular
intervals. The minimum wages were
supposed to be revised based on the
averages of CPlin 2017 and 2023 during
2019 and 2024, respectively; however, this
did not happen, leading to a widening gap
between actual wages and
inflation-adjusted wage levels.

The CPI, for instance, increased 1o an
average of 425 by 2025 when compared to
the previous index of 216. In other words,
the present revision is aimed at
responding to current economic realities
while simultaneously rectifying a

long-standing problem that occurred in
previous years. The framework also finds
its place in the larger scheme of the Code
on Wages, 2019. While it is true that the
Code on Wages aims to update and
modernise wage regulations in India, it
provides legal support to the existing
tri-level categorisation of minimum
wages. It gives State governments the
authority to fix differential minimum
wages, taking into consideration regional
variations, cost of living, and type of
employment. Furthermore, a national
floor wage system is planned to be
introduced in the future, which would
enable wage harmonisation across States,

What are the implications?

The implications of such a revision are
numerous and diverse. Firstly, for
workers in the industrial cluster, it offers
partial relief by improving incomes and
easing cost-of-living pressures, though
questions remain on whether it meets the
standard of a living wage. Secondly, the
revision involves increasing labour costs
for employers, potentially resulting in loss
of profits. Thirdly, for the State, the key
challenge lies in effective implementation,
which might prove rather problematic
considering the existence of informal
sectors with weak regulation.

Since the notification is interim,
further reforms are expected, including
the establishment of the Wage Board and
State rules under the Code on Wages.
However, further actions are needed,
including the creation of an effective wage
system based on solid data.

(Vikram Karuna is an Assistant Professor
at the School of Law, Justice & Governance,

| Gautam Buddha University, Greater Noida)
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The Uttar Pradesh government
1ssued an intenm notification
revising minimum wages in
response to worker
disturbances, wage
stagnation, and rising cost of
living, based on
recommendations of a
High-Leved Committee.

w

The new wage structure,
linked to the Consumer Price
Index through Variable
Dearness Allowance, secks to
correct defays in wage revision
while balancing worker relief,
employer costs, and
implementation challenges.




* Key Terms and Explanations

* Minimum Wage: The lowest remuneration that employers can legally pay their workers—the price floor below which workers may not sell
their labor.

* Example: If the law sets X500/day, an employer cannot pay X450 even if the worker agrees to it.

* Variable Dearness Allowance (VDA): A component of wages linked to the Consumer Price Index (CPI). It acts as a "cushion" against inflation,
ensuring that the purchasing power of the worker doesn't erode as prices rise.

* Consumer Price Index (CPI): A measure that examines the weighted average of prices of a basket of consumer goods and services. It is the
primary tool used to measure inflation in India.

* Code on Wages, 2019: A central legislation that aims to universalize the provisions of minimum wages and timely payment of wages to all
employees. It subsumes four older labor laws.

* Floor Wage: A concept under the new Labor Codes where the Central Government sets a minimum baseline wage, below which no State
Government can set their specific minimum wages.

» Skilled/Semi-skilled/Unskilled: Categorization based on the level of training and expertise required for a job, which determines the wage tier.

* Main Arguments and Substantive Parts

* The core thesis revolves around the interim revision of minimum wages in Uttar Pradesh to address industrial unrest and the rising cost of
living.

* The Catalyst for Change: Stagnant wages and a significant rise in CPI (from 216 to 425 by 2025) led to labor unrest in industrial hubs like Noi
and Ghaziabad.

* Tri-level Categorization: The state uses a geographical classification (Categories I, Il, and Ill) to account for regional variations in
living and industrial density.

* Correction of Structural Deficiencies: The revision aims to bridge the "inflation-wage gap" caused by the failure to upda ween 2019
and 2024.
* The Balancing Act: While the move offers relief to workers (welfare), it increases input costs for manufacturers (inc \bility), creating a

tension between social justice and ease of doing business.



e Historical Evolution of the Issue

* Pre-Independence: The Royal Commission on Labour (1929) first highlighted the need for wage regulation
in India.

* 1948: The Minimum Wages Act was enacted, empowering both Central and State governments to fix
minimum wages in "scheduled employments."

* 1991 (Post-Liberalization): Increased competition led to a "race to the bottom" where states kept wages
low to attract investment, often at the cost of labor welfare.

* 2019: The Code on Wages was passed to simplify and modernize labor laws, though its full
implementation remains a work in progress across various states.

* 2026 (The Current Context): The U.P. notification represents a shift toward more responsive, inflation-
linked wage structures (VDA) to prevent mass labor migration and unrest.

 Way Forward

* Strengthening Enforcement: Use technology (e-Shram portal data) to ensure minimum wages reach the
bank accounts of informal workers.

* Harmonization: Implement the National Floor Level Minimum Wage to prevent interstate migration
driven solely by wage disparities.

* Productivity Linkage: Encourage industries to upskill labor, so that wage hikes are offset by higher
efficiency, keeping the industry competitive.

* Regular Revisions: Move away from "interim notifications" to a statutory, automated biennial revision
cycle based on updated CPI baskets.

* Previous Years’ Questions (PYQs)
* Mains (GS 3, 2017): "How globalization has led to the informalization of labor in India?"
* Mains (GS 3, 2019): "Identify the challenges in the implementation of the Code on Wages, 2019."

* Prelims (2021): Questions regarding the provisions of the Minimum Wages Act and the powers of
State/Central governments.
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How Al companies are quietly becoming
the world’s cybersecurity gatekeepers

Ll e L L ~ -




* Key Terms and Explanations

* Zero-Day Vulnerability: A software flaw unknown to the vendor or the public. Since the "day" the vulnerability is discovered is "day zero," there is no patch
available, making it a potent weapon for hackers.

* Exploit: A piece of software or a sequence of commands that takes advantage of a vulnerability to cause unintended behavior in computer software or
hardware.

* Mythos Preview (Claude-based): An advanced Al model capable of autonomously identifying and exploiting deep-seated code vulnerabilities at speeds far
exceeding human capability.

* Cartelization (in Tech): A situation where a few dominant firms coordinate to control a market, limit competition, and decide who gets access to critical
resources.

* Project Glasswing: A coalition involving giants like AWS, Google, and Microsoft aimed at securing open-source software, but criticized for centralizing
control over security tools.

* Vertically Integrated Security: A business model where a single company provides the cloud infrastructure, the Al models, and the security layer, creating an
all-in-one ecosystem.

* Main Arguments and Substantive Parts
* The Core Thesis

* The article argues that the "democratization" of security is being replaced by a "gatekeeper" model. While Al companies claim to be securing the world,
they are actually forming an exclusive club that decides who can access the most potent defensive (and potentially offensive) tools.

* Key Points & Evidence
* Capability Leap: Al models like Mythos Preview can find 27-year-old bugs (e.g., in OpenBSD) in hours—tasks that previously took humans months.

* The Power of Access: Strategic control over these models allows a few firms (Anthropic, Google, Microsoft) to dictate security standards for the global
internet.

» Market Consolidation: Major acquisitions (e.g., Google buying Wiz for $32 billion) signal that cybersecurity is no longer a separate service but a competitive
feature of cloud computing.

* Counterarguments

* OpenAl’s Stance: OpenAl has opted out of some coalitions, arguing that security tools should be broader and more democratized rather than curated by a
specific cartel.



* Historical Evolution of the Issue
* Pre-2000s: Security was manual and reactive. Vulnerabilities were found by hobbyists and researchers; patching was slow.

* 2000s - 2010s: The rise of professional cyber-warfare (e.g., Stuxnet). The market for "zero-days" became a multi-million dollar industry
involving governments and private brokers.

* 2020-2023: The "Al Explosion." Large Language Models (LLMs) demonstrated the ability to write code, and consequently, to find flaws in it.

* Present Day: The transition from Al as a "helper" to Al as a "gatekeeper," where the infrastructure and the security are owned by the same
three or four global entities.

*  Way Forward

* Sovereign Al Security: Countries like India must develop indigenous Al models (e.g., through Bhashini or Digital India initiatives) to audit their
own critical infrastructure.

* Global Regulatory Framework: A "CERN for Al Security" where vulnerability data is shared transparently rather than hoarded.
* Mandatory Disclosure: Laws requiring Al firms to report discovered zero-days to a public-interest body immediately.

* Support for Open Source: Direct government funding to open-source foundations to ensure they don't have to rely solely on corporate
"cartels."

* Previous Years’ Questions (PYQs)

* UPSC 2022 (GS3): "What are the different elements of cyber security? Keeping in view the challenges... examine the extent to which India has
successfully developed a comprehensive National Cyber Security Strategy."

* UPSC 2017 (GS3): "The use of IT has brought about a significant change in the lives of the people. Discuss with examples." (Theme: Disruptive
Tech).

* UPSC 2019 (GS4): "The current internet expansion has instilled a different set of cultural values... Discuss the ethical issues involved."
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* Key Terms and Explanations

* Neighborhood First Policy: India’s foreign policy priority to improve ties with its immediate neighbors through connectivity, trade, and
development assistance.

* OCI (Overseas Citizenship of India) Card: A form of residency status for foreign citizens of Indian origin, allowing them to live and work
in India indefinitely.

* Example: Extending this to "sixth generation" Sri Lankans of Indian origin expands the cultural and legal bridge between the two
nations.

* Trincomalee Energy Hub: A strategic project in Sri Lanka's eastern port city involving oil tank farms and renewable energy. Its proximity
to the Bay of Bengal makes it a vital maritime asset.

* Memorandum of Understanding (MoU): A formal agreement between two parties that outlines a plan of action but is not usually a
legally binding contract.

* Malaiyaha Tamils: Also known as "Hill Country Tamils," they are descendants of workers brought from India to Sri Lanka during the
colonial era to work on plantations.

* Main Arguments and Substantive Parts
* The core thesis centers on deepening bilateral integration through energy connectivity and humanitarian diplomacy.

* Energy Security as a Pillar: India is pushing for the "Trincomalee Hub" and a cross-border fuel pipeline to create a stable energy
corridor, reducing Sri Lanka's dependence on volatile global markets.

* The "Elder Brother" Narrative: India’s approach is moving from "Big Brother" (often perceived as domineering) to an "Affectios
Elder Brother," emphasizing support during crises (like the $450 million cyclone recovery package).

* Diaspora and Identity: By relaxing OCI norms for the Malaiyaha Tamil community, India is leveraging "soft power" to er Ifare
of the Indian-origin population while strengthening social ties.

* The Fishermen Issue: A recurring friction point involving the arrest of Indian fishermen. The argument here is for - tarian
solution" rather than a purely legalistic or punitive one.



* Historical Evolution of the Issue

* Pre-Independence & Colonial Era: Deep-rooted cultural and religious links (Buddhism). Large-scale migration of Indian labor to Sri Lankan tea
estates.

* Post-Independence (1948-1980s): Initial cooperation followed by tension over the citizenship status of Indian-origin Tamils (Srimavo-Shastri
Pact, 1964).

* The Ethnic Conflict (1983-2009): The Civil War between the Sri Lankan state and LTTE. India’s involvement via the IPKF (Indian Peace Keeping
Force) led to a period of diplomatic strain.

* Post-War Reconstruction (2009-Present): India shifted focus to infrastructure, housing (Indian Housing Project), and balancing the growing
Chinese footprint in the island nation.

* The 2022 Economic Crisis: India provided nearly $4 billion in aid, marking a "reset" in ties and establishing India as the first responder.

* Way Forward

* Institutionalize Energy Ties: Fast-track the India-Sri Lanka power grid interconnection to allow seamless electricity trade.

* Blue Economy Cooperation: Jointly manage the Palk Bay resources to resolve the fishermen issue through deep-sea fishing incentives.
* Cultural Diplomacy: Leverage the Buddhist circuit to enhance tourism and people-to-people ties.

* Timely Project Delivery: India must ensure that the Trincomalee project meets deadlines to prove its reliability as a development partner.

* Previous Years’ UPSC Questions

* 2022 (GS-2): "India is an age-old friend of Sri Lanka." Discuss India's role in the recent crisis in Sri Lanka in the light of the preceding
statement.

* 2013 (GS-2): In the context of the newly formed government in Sri Lanka, discuss India's options.

* Prelims (2020): Questions on the "Eleventh Schedule" or "Location-based questions" (Trincomalee/Hambantota).
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‘Nuclear plants require lifetime commitment’

Jacob Kashy
NEWDELHI

As India opens its nuclear
power sector to private
participation under the
newly enacted SHANTI
Act, former regulators of
the nuclear energy esta-
blishment and policy vete-
rans said that nuclear pow-
er required “lifetime
commitment,” and main-
taining “financial security”™
to account for “waste man
agement, settlement of
claims (caused by radia-
tion), and decommission
ing (nuclear power plants).
The Sustainable Har-
nessing and Advancement
of Nuclear Energy for
g India

) Act, 2025, as the
government has articulat-
ed repeatedly, is to help In-
dia raise its installed nu-
clear power capacity from
the existing 8.7 gigawatt
(GW) 1o 100 GW by 2047.
Unlike the previous half-
century, it hopes to
achieve this by allowing, in
theory, private companies
to run nuclear power
plants and hamess foreign

The SHANTI Act reflects the
effort to modernise the laws
goverrung the nuclear sector

funds for the purpose. Ravi
Grover, member, Atomic
Energy Commission and
veteran nuclear engineer,
at a talk in New Delhi on
Saturday, said the SHANTI
Act clearly prescribed du-
ties and liabilities that pow-
er plant operators must
adhere to, whether in the
private or public sector.
“The prime responsibil-
ity for safety, security and
safeguards lies with the li-
censee...Section 10 of the
Act clearly and transpa-
rently spells out what a

newcomer to the sector
should know...there is no
place for indulging in regu-
latory tricks. No one can
fudge the half life of a ra-
dioisotope, If it is 30 years,
it remains 30 vears” he
said.

Rajan Raghavan, vice-
president, Tata Consulting
Engineers Ltd., who repre-
sented Indian private sec-
tor companies interested
in expanding their pre
sence in India's nuclear
power sector, said four
priorities shaped invest-
ment decisions: site selec
tion, affordable technolo-
£Y, government
hand-holding, and tariff
viability.

The 700 MW indigenous
pressurised  heavy-water
reactor, Mr. Raghavan said,
which the Nuclear Power
Corporation of India Lid,
(NPCIL) - a public sector
company which is the sole
operator of nuclear plants
- plans to deploy in fleet
mode over the next 10 to 12
5, was the “"natural

.

220 MW design,
though indigenous, was fi-

nalised IS years ago and
would need substantial re-
work to meet current regu-
ltory and safety bench-
marks.

Foreign reactors, he
cautioned, came with pro-
hibitive costs and lengthy
design-validation timelines
for Indian conditions
“two to three vears” before
construction could even
begin.

Legal framework
Former Atomic Energy
Regulatory Board Chair-
man. D.K. Shukla offered
the regulator's view, argu-
ing that the SHANTI Act fi-
nally provided a “unified
legal framework™ that sep-
arated control regulation
from safety regulation - a
clarity that was implicit
earlier only because every
player sat within the De-
partment of Atomic Ener-
RY:

With private entities en-
tering, he warned that is-
sues previously considered
minor would now become
major. A central concern
Mr. Shukla flagged was the
lifetime commitment of

nuclear  operation  de
mands. The Act, he noted,
now required licensees to
“maintain design support
throughout the lifetime of
the facility™ - a require-
ment far weightier for nu-
clear than for other power
plants, given the longer op-
erating life. Every 10 years,
operators must undertake
a periodic safety review to
demonstrate compliance
with current safety
standards.

“How do you modify or
incorporate the new safety
upgrade if you do not have
the full-fledged design in
formation and capability?”
he said, pointing out that
changes to one system can
cascade adversely through
others.

Design integrity must be
preserved throughout the
plant’s life, he stressed,
“whether technology is de-
veloped within the country
or itis imported” - a point-
ed caution for private
players contemplating fo-
reign reactor imports with-
out securing long-term de-
sign support
arrangements.




* Key Terms and Explanations

* SHANTI Act, 2025: The "Sustainable Harnessing and Advancement of Nuclear Energy for Transforming India"
Act. It is the legislative vehicle designed to modernize nuclear laws and allow private sector participation.

* Pressurised Heavy-Water Reactor (PHWR): A nuclear reactor that uses unenriched uranium as fuel and heavy
water (SD_20S) as both a coolant and a moderator. India’s indigenous 700 MW designs are of this type.

* Half-life: The time required for a quantity of a radioactive substance to reduce to half of its initial value. It is a
physical constant that underscores why nuclear waste management requires multi-generational planning.

* Decommissioning: The administrative and technical process of safely retiring a nuclear facility at the end of its
life, involving the handling of radioactive materials and site restoration.

* Design Support: Continuous technical assistance from the original designer to ensure the plant can be
upgraded or repaired throughout its 40-60 year lifespan.

» Tariff Viability: The ability to sell generated electricity at a price that covers high capital costs while remaining
competitive with solar or coal.

* Main Arguments and Substantive Parts

* The core thesis of the current discourse is that nuclear energy is not a "plug-and-play" business; it requires a
"lifetime commitment" that transcends typical corporate timelines.

* Financial and Safety Security: Private players must account for long-term liabilities, including waste
management and potential radiation claims, which could emerge decades after the plant starts operating.

* Regulatory Independence: A major achievement of recent legislation is the clear separation of "control"
(operation) from "regulation" (safety). This prevents the conflict of interest that existed when the regulator and
operator sat under the same administrative umbrella.

* The Foreign Technology Trap: Importing reactors is risky if long-term design support isn't secured. Without the
"full-fledged design information," local operators cannot easily incorporate new safety upgrades mandated by
evolving global standards.

* The "Fleet Mode" Strategy: To reach the goal of 100 GW by 2047, the government suggests deploying
indigenous 700 MW reactors in "fleet mode" (building several identical units at once) to ensure cost-efficiency and
standardization.



e Historical Evolution of the Issue

* Phase 1(1948-1974): Establishment of the Atomic Energy Commission (1948) and Department of Atomic Energy (1954). Focus was on
building basic infrastructure and international cooperation (e.g., CIRUS reactor).

* Phase 2 (1974-2008): Following the "Smiling Buddha" test, India faced international isolation and technology denials. This forced the
development of indigenous PHWR technology.

* Phase 3 (2008-2024): The Indo-US Civil Nuclear Deal and the NSG waiver integrated India into the global nuclear trade. However, the Civil
Liability for Nuclear Damage Act (2010) created friction with foreign suppliers.

* Phase 4 (2025-Present): The SHANTI Act marks the transition from a state monopoly to a public-private partnership model to meet
aggressive Net Zero targets.

Way Forward

Streamlined Financing: Creating a "Nuclear Green Fund" to provide low-interest loans to private players.

Skilled Workforce: Establishing specialized nuclear engineering tracks in lITs to support the 100 GW target.

Public Awareness: Science-based outreach to demystify radiation and explain the safety features of modern reactors (e.g., passive cooling
systems).

* R&D on Thorium: Continuing the three-stage nuclear program to utilize India’s vast thorium reserves for true long-term independence.

* Previous Years’ Questions (PYQs)

* UPSC Mains 2017 (GS 3): "With growing energy needs, should India keep on expanding its nuclear energy programme? Discuss the facts
and fears associated with nuclear energy."

* UPSC Mains 2018 (GS 3): "Give an account of the growth and development of nuclear science and technology in India. What is the
advantage of a fast breeder reactor programme in India?"

* UPSC Prelims 2020: Question regarding the "International Atomic Energy Agency (IAEA) Safeguards."
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MINISTER TO HOLD HIGH-LEVEL INTERACTIONS DURING 3-DAY VISIT

Rajnath’s Germany Visit Focus: Defence

Industry Coop, Weapons' Cop

Bilateral Talks &

Rajnath Singh 15 undertaking an official visit 1
to Germany from April 21 to 23 and is
schedutied to hold bilateral talks with his

Trip comes when India is
looking to collaborate
with European partners
for defence technology

Manu Pubby

New Delhi: Indin and Germany are
set 10 sign a defence industrial coope
ration roadmap and explore oggortu
mitses for Jount development and peo
ductson of weagon systesnsduring de
fenscw minister ajeath Singh's tirve
day visit to the Kuropean nation
Singh s undertaking an official vi
sittoGermany from April 21 to Xland
i scheduled 20 hold biksteral talks
with his German counderpart Boris
Pistorius and other senior leaders of
the government. This will be the first
visit by an Indian defence ministerto
Germany in seven years and comes
ata time when India ks looking to col
lnborate closely with European part
pers for defence technology
Déscussions will focus on enhan
cing defence industrial collabora

thon, streegthening military 4ol
tary engagements and explocing op
portunities In emerging dosnains
sach as cyber security artificial in
telligenceand dromes. " offictals saxd

They added that a defence industr)
al cooperation roadmap and knple
menting arranpesent for coopera
thon in UN Peacekeeping Operations
Tratningare likely tobe signed inthe
presence of defence ministers

As reported by ET, the visit will inclu
de talks on industry collaboration as
well as a spocial defence investor sum
it that bs [ieely to be attomded by top
mlitey masndactarers of doth na

SUBMARINE PARTNER

Indiaiscloseto
signinga$10b
deal for new
conventional submarines,
for which German firm
TKMS is atech partner

tions. A special Indis Germany defin
or investor sumem it has boen planned

roduction

a Muryich that nlens 30 engage with bea
ding German defence indhastry stake
halders 10 explore avenues for collabo-
ration, investiment and parmerships

The twonat oo have been exparding
bilmeral coogeration, inchaling in de
fonce techmology sharing. India is on
the verge of signang a $30 billson deal
for mew comventional submarines, for
which German firm TIMS i the tech
nology partner The six scbmmarines be
ing acquired will be oquipped with air
independent propulsion that emables
theem to sty underwader for weekos

AD Indergovernmental agreement
that will be the overarching arrange
ment for the meegn comtract bus alrea
dy been Maalised botween the two oo
untries and the formal signing is #x
pected to take place shortly The sud
marines are to be manufactured in
Mazagaon Dockyards Lisnited, with
indigenous content of over 305

Indian composties are also inderested
in offering their prodacts for the Ger
mamn armed foroes and othey Earopean
foroes, hoping 1o pet ordery as defence
spending is halloon ing across the con
timent. Some comgerties are ook ing o
soguire stakes in German flrms to pet
technology that can be wsed %0 make de
fonxoe systems al scale in india




* Key Terms and Explanations

* Defence Industrial Cooperation Roadmap: A strategic blueprint between two nations to synchronize their defense industries. It moves
beyond a buyer-seller relationship to joint research and production.

* Example: Collaborating to design a new radar system rather than just buying one.
* Co-production: The joint manufacturing of defense equipment where both nations share technical expertise and labor.

* Air Independent Propulsion (AIP): A marine propulsion technology that allows non-nuclear submarines to operate without access to
atmospheric oxygen (surfacing or using a snorkel). This significantly enhances the submarine's stealth by allowing it to stay submerged for
weeks.

* Intergovernmental Agreement (IGA): A formal pact signed between two sovereign governments. This adds a layer of diplomatic security and
often bypasses some of the bureaucratic hurdles of private commercial bidding.

* Conventional Submarines: Diesel-electric submarines that are primarily used for coastal defense and regional power projection, as opposed
to nuclear-powered ones.

* Main Arguments and Substantive Parts

* The core thesis focuses on India’s strategic pivot toward European partners, specifically Germany, to diversify its defense hardware and
acquire high-end technology.

* Technology Transfer for Submarines: The $10 billion Project-75I (P-751) is the centerpiece. The argument is that German technology (via
TKMS) combined with Indian manufacturing (Mazagaon Dockyards) creates a win-win: India gets stealthy submarines, and Germany secures a
long-term strategic market.

* Indigenous Content Over 50%: A critical point is the commitment to high indigenization. This ensures that the majority of the value and
technical skill stays within India, fostering a domestic defense ecosystem.

* Beyond Equipment: The interaction isn't just about hardware; it includes cooperation in UN Peacekeeping and emerging domains like Cyber
Security, Al, and Drones.

* Strategic Autonomy: By engaging Germany, India reduces its historical over-reliance on Russian defense equipment, especially critical in the
current global climate.



e Historical Evolution of the Issue

* Cold War Era: India and Germany (specifically West Germany) maintained cordial but limited defense ties. India was heavily reliant on the USSR, while
West Germany was integrated into NATO.

* Post-1991 Liberalization: Relations warmed with the "Strategic Partnership" signed in 2001. Defense cooperation began to grow, though it remained
overshadowed by trade in the automotive and machinery sectors.

* The 2010s Shift: The "Make in India" initiative (2014) signaled a shift. India began demanding technology transfers rather than off-the-shelf purchases.

* Present Day (2020s): The Russia-Ukraine conflict and the rise of China in the Indo-Pacific have acted as catalysts. Germany’s Zeitenwende (historic
turning point in defense policy) and India’s need for advanced submarine tech have converged.

* Way Forward

* Fast-track Special Purpose Vehicles (SPVs): Create dedicated units to handle the P-75I project to avoid traditional red tape.

* Focus on MSMEs: Ensure that the 50% indigenous content includes small and medium enterprises to create a robust industrial base.
* Joint R&D: Move beyond "manufacturing someone else's design" to "jointly designing for the future."

* Diplomatic Flexibility: Maintain a clear dialogue with other partners to ensure this bilateral growth isn't perceived as a zero-sum game.

* Previous Years’ UPSC Questions (PYQs)

* GS2(2021): "The newly emerged Russia-China axis has the potential to overshadow the existing patterns of India’s foreign policy." (Relevar
the shift toward Western partners like Germany).

* GS 3(2018): "What is the significance of Indo-US defence deals over Indo-Russian defence deals? Discuss with reference to stabili Pacific
region." (Can be adapted for India-Germany/EU).

* Prelims (2017): Questions on MTCR and submarine tech (Scorpene class).
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* Key Terms and Explanations

* Criticality: The state of a nuclear reactor when the fission chain reaction is self-sustaining. Achieving "first criticality" means the reactor is officially
operational.

* Pressurised Heavy Water Reactor (PHWR): A nuclear reactor that uses unenriched natural uranium as fuel and heavy water (SD_20S) as both
coolant and moderator.

* Fast Breeder Reactor (FBR): A reactor that generates more fissile material than it consumes. It uses "fast" (unmoderated) neutrons to convert fertile
material (like Uranium-238) into fissile material (Plutonium-239).

* Three-Stage Nuclear Power Programme: A plan formulated by Homi J. Bhabha to utilize India's vast thorium reserves.
* Stage 1: PHWRs using natural uranium.
* Stage 2: FBRs using plutonium (from Stage 1) and thorium blankets.
e Stage 3: Advanced reactors using Uranium-233 (bred from Stage 2).
* GWe (Gigawatt-electric): A unit of electric power equal to one billion watts. It measures the output capacity of a power plant.

* Technological Denial Regime: A period where international bodies (like the NSG) restricted India's access to nuclear technology and fuel following
the 1974 "Smiling Buddha" test.

* Main Arguments and Substantive Parts

* The core thesis posits that Fast Breeder Reactors are the indispensable bridge between India’s current reliance on uranium and its future energy
independence via thorium.

* Strategic Transition: While PHWRs are the current mainstay, they are limited by India’s modest uranium reserves. FBRs are necessary to "breed" the
fuel required for the third stage.

» Self-Reliance (Atmanirbharta): The indigenous development of the FBR at Kalpakkam is presented as a triumph over decades of international
technology denials.

* Private Sector Integration: A major shift is occurring where the state-run NPCIL is moving from a sole executor to a "motherly” mentor, fostering
private industry participation in design and construction.

* Capacity Expansion: There is a clear roadmap to scale from the current capacity to 22 GWe by 2031-32, and eventually 54 GWe by 2047, through a
mix of indigenous PHWRs, FBRs, and imported Light Water Reactors (LWRs).



Historical Evolution of the Issue
1950s: Formulated by Dr. Homi J. Bhabha, focusing on a closed fuel cycle to exploit thorium.

1974 (Pokhran-l): India’s peaceful nuclear explosion led to the formation of the Nuclear Suppliers Group (NSG) and a "technology denial

regime," forcing India to develop indigenous PHWR technology.

1980s-90s: Development of 220 MWe and 540 MWe indigenous PHWRs (e.g., Tarapur, Rajasthan).
2008 (Civil Nuclear Deal): The Indo-US deal and NSG waiver allowed India to import high-capacity LWRs and uranium, ending its isolation.
Present Day: The commissioning of the Prototype Fast Breeder Reactor (PFBR) at Kalpakkam marks the definitive start of the Second Stage.

Way Forward

Regulatory Reform: Streamlining the Atomic Energy Regulatory Board (AERB) to ensure faster approvals without compromising safety.
Private Participation: Incentivizing private players through a structured "Vendor Development Program" as suggested by the NPCIL Chairman.
Public Outreach: Transparent communication to demystify nuclear energy and address safety concerns of local communities.

International Collaboration: While focusing on indigenization, India should continue small-modular reactor (SMR) research with global

partners to diversify its basket.

All Previous Years’ UPSC Questions

Mains 2017: "Give an account of the growth and development of nuclear science and technology in India. What is the advantage of fast

breeder reactor programme in India?"

Mains 2018: "With growing energy needs, should India keep on expanding its nuclear energy programme? Explain the facts and fears

associated with nuclear energy."

Prelims 2015: Question on the purpose of "International Atomic Energy Agency (IAEA) safeguards."

Prelims 2020: Question regarding "Uranium deposits in India."
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* Key Terms and Explanations

* Strait of Hormuz: A narrow waterway between the Persian Gulf and the Gulf of Oman. It is the world's most important oil "choke
point" because of the massive volume of oil that flows through it daily.

* Nuclear De-linkage: The diplomatic strategy of treating nuclear non-proliferation talks as separate from regional conflicts (like the
Israel-Lebanon war) to prevent a deadlock in one from freezing the other.

» Secondary Blockade/Sanctions: When a country (like the US) punishes third-party countries or companies for doing business with a
sanctioned nation (like Iran).

* Off-ramp: A diplomatic term for a face-saving solution that allows two conflicting parties to de-escalate without appearing to
surrender.

* Assurance/Insurance Policy: In diplomacy, these are guarantees (often legal or material) that a treaty will be honored even if a
leadership change occurs in the future.

* Main Arguments and Substantive Parts

* The core thesis posits that negotiations are failing because both sides have fundamentally different views on how the "nuclear issue"
relates to "regional stability."

* The Divergent Goalposts: The US views nuclear talks as a distinct, historic track. Iran, however, sees its control over the Strait of
Hormuz as a lever to force concessions across the board—including sanctions relief and security guarantees.

* The Trump Factor: The US administration's "maximalist" approach—threatening to destroy infrastructure unless a "fair deal" is
accepted—creates a high-pressure environment where any concession by Iran looks like a total surrender.

* The Signaling Trap: Both sides are misreading each other. When one side offers a potential "off-ramp" via social media or informal
channels, the other side often hardens its stance to avoid looking weak, leading to an escalation trap.

* The Strait as a Tool of War: Iran is transitioning from viewing the Strait of Hormuz as a temporary tactical asset to a long-term strategic
insurance policy against US and Israeli military pressure.



* Historical Evolution of the Issue
e 1953-1979: The US-Iran alliance under the Shah; the US actually helped start Iran’s nuclear program (Atoms for Peace).

e 1979 Revolution: The turning point. The hostage crisis and the shift to an Islamic Republic turned the US and Iran into "Great" and "Little"
Satans respectively.

* The 1980s "Tanker War": Iran and Iraq targeted each other’s oil shipments in the Persian Gulf, setting the precedent for using the Strait of
Hormuz as a military lever.

* 2015 (JCPOA): The Joint Comprehensive Plan of Action offered a brief period of de-escalation where Iran limited nuclear activity for
sanctions relief.

e 2018-Present: The US withdrawal from the JCPOA and the "Maximum Pressure" campaign led to the current cycle of threats, naval
blockades, and the merging of the nuclear issue with regional proxy wars.

* Way Forward
* De-linking Issues: The US should separate the Israel-Lebanon ceasefire from the nuclear file to achieve quick "small wins."

* Institutionalized Communication: Establishing a "Hotline" between the US Navy and the IRGC to prevent accidental escalations in the
Strait.

* Sanctions "Sunset" Clauses: Providing clear, gradual, and irreversible steps for sanctions removal to build Iranian trust.

* Regional Involvement: Including India and China as mediators, as they have the most to lose from a Strait closure.

* Previous Years’ Questions (PYQs)

* UPSC 2017 (GS-2): "The project 'Mausam' is considered to be India's answer to China's 'One Belt One Road'. Do you agree? An-
(Related to maritime influence).

* UPSC 2020 (GS-2): "India’s relations with Israel have, of late, acquired a depth and diversity, which cannot be rolled bac!
(Relevant to the regional conflict mentioned).

* UPSC 2022 (GS-2): "Discuss the significance of the Strait of Hormuz for India’s energy security."
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