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1.

What is stagflation? Is India at the risk of “stagflation” in the backdrop of global supply chain disruptions and
domestic demand challenges.

Stagflation refers to a rare and economically challenging condition marked by simultaneous stagnation in economic
growth, high unemployment andhigh inflation. It contradicts the traditional economic principle that inflation and
unemployment are inversely related. Stagflation poses a policy dilemma, as tools to curb inflation may worsen
unemployment and vice versa.

India Is at Risk of Stagflation Amid Global Supply Chain Disruptions and Domestic Challenges

1.

Imported Inflation due to Supply Disruptions

Global supply chain bottlenecks, especially in crude oil, semiconductors andfertilizers, have led to imported
inflation. For example, elevated Brent crude prices in 2022-23 exerted cost-push pressure on India's economy,
increasing transport and input costs and fueling inflation, despite sluggish rural demand.

High Retail Inflation

India's Consumer Price Index (CPI) inflation hovered around the upper limit of RBI’s tolerance band (6%) in
2022-2023, largely driven by food and fuel prices. Persistent inflation with limited job creation risks deepening the
stagflationary environment, particularly for the urban poor and informal sector workers.

Slowing Industrial Output

The Index of Industrial Production (11P) has witnessed irregular growth since the pandemic, reflecting weak
investment appetite and depressed demand. High input costs and interest rates further disincentivize production,
resulting in stagnant output and suppressed employment, indicative of stagflationary trends.

Rural Demand Remains Subdued

Despite economic recovery, rural wage growth remains sluggish and rural consumption shows only modest
improvement. With 65% of India’s population in rural areas, this suppressed demand has a disproportionate impact on
national GDP and employment trends.

Weak Private Consumption

Private Final Consumption Expenditure (PFCE), which forms around 60% of GDP, grew sluggishly in recent
quarters, reflecting weak consumer confidence amid rising prices and income stagnation. This is a classical indicator
of growth stagnation coexisting with inflation.
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Global Economic Spillovers

Slowdowns in advanced economies due to geopolitical tensions (Russia-Ukraine war, Red Sea crisis) have affected
India’s export-driven sectors. As global demand contracts, India faces external shocks, adding to domestic inflation
and slowing output.

Labour Market Stress

The Centre for Monitoring Indian Economy (CMIE) reported urban unemployment near 7-8% in several
months of 2023-24. Persistently high unemployment, particularly among youth, despite rising prices, aligns with the
stagflation pattern.

India Is In Good Situation At Present

1.

Resilient GDP Growth Rate

India remains the fastest-growing major economy, with real GDP growth estimated at 7.6% for FY 2023-24
(MOSPI data). This healthy growth trajectory reflects strong fundamentals, making stagflation an unlikely threat in
the near term.

Declining Core Inflation

While headline inflation is volatile, core inflation (excluding food and fuel) has shown a declining trend from over
6% to below 4% in 2023. This suggests underlying price pressures are contained, allowing policymakers room to
maneuver without stagflationary risks.

Strong Services Sector Recovery

India’s services sector, especially IT, finance and travel, is witnessing robust recovery post-COVID. This is creating
jobs and revenue, reducing the likelihood of a broad-based economic stagnation. PMI Services Index consistently
remains above 55, indicating expansion.

Government’s Fiscal Interventions

Initiatives like PM Gati Shakti, PLI schemes and public infrastructure spending have boosted investment and
employment. These counter-cyclical measures are mitigating the risks of demand contraction and fostering supply-
side improvements.

Healthy Financial Sector Indicators

Indian banks have reported improved asset quality and credit growth. With credit growth at 15-16%, the
economy shows signs of robust financial intermediation, which contradicts the stagnant investment climate typical of
stagflation.

RBI’s Proactive Monetary Policy

The Reserve Bank of India has kept inflation under control through a calibrated repo rate hike cycle, now paused
to support growth. With a balanced stance, RBI ensures neither inflation spirals nor growth contracts sharply,
avoiding stagflation risks.

Resilient External Sector

Despite global uncertainties, India’s forex reserves remain over $640 billion and exports are recovering in services.
A strong external position shields the economy from external shocks that typically trigger stagflation in emerging
markets.

While India is currently not in a phase of stagflation, it remains vulnerable to global shocks and domestic demand
weaknesses. To avert stagflation risks, India must focus on strengthening supply chains, investing in job-creating sectors
and ensuring inflation-targeted monetary policies alongside inclusive fiscal spending. Vigilance and agility are essential
for macroeconomic stability.
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2. Explain the objectives of the National Green Hydrogen Mission. What challenges do you foresee in making
India a global leader in green hydrogen?

Green hydrogen refers to hydrogen produced through electrolysis of water using renewable energy sources. It is a clean,
zero-emission fuel and is considered a game-changer in India's energy transition. National Green Hydrogen Mission
(NGHM), launched in January 2023, aims to establish India as a hub for production, usage and export of green
hydrogen.

Objectives of the National Green Hydrogen Mission
1. Achieve Energy Self-Reliance

The mission aims to reduce India’s dependence on fossil fuel imports, especially crude oil and natural gas. By
replacing grey hydrogen with green hydrogen in industries like fertilizers and refineries, India seeks to move toward
Atmanirbhar Bharat in energy.

2. Promote Decarbonisation of Hard-to-Abate Sectors

Sectors such as steel, cement, shipping and long-haul transport are difficult to decarbonize through electrification.
Green hydrogen provides a feasible low-carbon alternative, aligning with India’s Net Zero by 2070 commitment
under the Paris Agreement.

3.  Develop Green Hydrogen Production Capacity

The mission targets 5 million metric tonnes (MMT) of annual green hydrogen production capacity by 2030,
along with 125 GW of renewable energy capacity for green hydrogen production. This would significantly boost
India’s renewable energy infrastructure.

4.  Create a Green Hydrogen Ecosystem

The mission focuses on building a domestic ecosystem of electrolyzers, renewable energy infrastructure, storage
solutions and distribution networks. This involves developing manufacturing hubs, R&D centers and skill
development programs to support the sector.

5.  Enhance Export Competitiveness

With countries like Japan and the EU demanding green hydrogen, India aims to become a leading exporter. The
mission seeks to position India as a cost-effective green hydrogen supplier, leveraging its low-cost renewable
energy base.

6.  Generate Employment and Economic Growth

The green hydrogen sector is projected to generate over 6 lakh jobs by 2030 through investments in infrastructure,
technology and human capital. It also fosters green entrepreneurship and innovation, particularly in sunrise sectors.

7. Attract Private Investment and R&D

The mission envisions public-private partnerships, R&D incentives and Viability Gap Funding (VGF) to attract
investments in electrolyzer manufacturing and pilot projects. The 319,744 crore allocation will act as a catalyst for
technology development and scaling.

Challenges in Making India a Global Leader in Green Hydrogen
1. High Cost of Electrolyzers and Hydrogen Production

Currently, green hydrogen production costs range between $4-6/kg, which is higher than grey hydrogen (~$1.5/kg).
The lack of indigenous electrolyzer manufacturing adds to costs, reducing the global competitiveness of Indian
hydrogen.
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2. Inadequate Infrastructure and Storage Solutions

India lacks the required infrastructure for hydrogen storage, transport and distribution. Hydrogen is highly
flammable and requires specialized pipelines, high-pressure tanks and safety protocols, which are still
underdeveloped.

3. Intermittency of Renewable Energy Supply

Green hydrogen production is directly dependent on solar and wind energy, which are intermittent in nature. Lack of
grid stability and energy storage mechanisms can affect consistent production and scalability.

4, Limited Domestic Demand and Industrial Readiness

Adoption of green hydrogen is still in nascent stages in India’s industrial and transport sectors. Transitioning from
grey to green hydrogen requires technological upgrades, high upfront costs and policy clarity, which are yet to
materialize.

5.  Global Competition and Trade Barriers

India faces stiff competition from Australia, Saudi Arabia, EU and China, which are investing heavily in green
hydrogen. Trade policies, carbon border taxes and preferential procurement in developed markets can limit India’s
export potential.

6.  Lack of Skilled Workforce and R&D Capacity

India lacks a large skilled workforce trained in hydrogen safety, engineering and operations. Additionally, R&D in
storage materials, electrolyzer efficiency and transport technologies is still underfunded and fragmented across
institutions.

7. Regulatory and Policy Gaps

There is no unified regulatory framework for green hydrogen covering production standards, safety norms,
certification and trading. The absence of a robust hydrogen policy architecture can slow investment and
implementation.

8.  Financing and Risk Management Issues

Green hydrogen projects are capital-intensive and long-gestation. Investors are wary of uncertain returns and policy
risks. Lack of financial instruments, such as green bonds or insurance models for hydrogen ventures, is a major
bottleneck.

India can realize its green hydrogen leadership potential by creating a stable policy ecosystem, fostering public-private
partnerships, building infrastructure and skilled workforce and reducing production costs through innovation and
economies of scale. Integrating green hydrogen into national energy planning and promoting international cooperation will
be crucial for sustainable energy sovereignty and climate leadership.

3. Critically examine the role of Production Linked Incentive (PLI) Schemes in achieving self-reliance and
boosting export competitiveness of India’s manufacturing sector.

Production Linked Incentive (PLI) Scheme, launched in 2020, aims to enhance India’s manufacturing capabilities by

offering financial incentives based on incremental output. It seeks to attract global investments, reduce import

dependence and position India as a global manufacturing hub, thereby contributing to Aatmanirbhar Bharat and
boosting export competitiveness.

Role of PLI Scheme in Boosting Export Competitiveness of India’s Manufacturing Sector
1.  Attracting Global Investments

PLI has attracted over %3 lakh crore in committed investments across sectors like electronics, pharmaceuticals and
mobile manufacturing. Companies like Apple, Samsung and Foxconn have expanded their Indian base, enhancing
India's integration into global value chains and boosting high-value exports.
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Strengthening High-Tech Manufacturing

PLI targets strategic and high-technology sectors such as semiconductors, drones and solar PV modules. These
sectors have high export potential and can reduce India’s dependency on imports from countries like China, while
improving technological depth and export sophistication.

Promoting Domestic Value Addition

In sectors like mobile phones and APIs, PLI has led to an increase in local value addition from 15% to nearly 25-
30%. Higher domestic content in production boosts indigenous capacities and enhances competitiveness in export
markets.

Creating Export-Oriented Manufacturing Clusters

PLI encourages the development of manufacturing ecosystems and clusters in states like Tamil Nadu, Maharashtra
and Uttar Pradesh. These hubs integrate logistics, skilled labor and industrial infrastructure to make Indian exports
cost-effective and globally competitive.

Boosting Electronics and Pharma Exports

India's mobile phone exports crossed $11 billion in FY 2023-24, up from $3 billion in 2018-19, largely due to PLI.
Similarly, APl and medical device sectors under PLI have begun to reduce reliance on China and enhance
pharmaceutical export resilience.

Encouraging MSME Participation

In sectors like food processing and textiles, PLI schemes are tailored for MSME inclusion, supporting capacity
building and integration into export supply chains. This democratizes export potential and spreads manufacturing
benefits beyond large firms.

Improving Trade Balance

By promoting domestic manufacturing of key inputs and components, PLI helps reduce import bills and enhance
exports. For instance, the solar module PLI is expected to save billions in energy imports while facilitating clean
energy exports to neighbouring regions.

Job Creation and Skill Upgradation

PLI has the potential to create over 60 lakh direct and indirect jobs by 2030. A skilled workforce contributes to
higher productivity and improved product quality, thereby increasing India's credibility as a reliable exporter in
global markets.

Challenges Faced by PLI Schemes

1.

Slow Disbursement of Incentives

According to NITI Aayog and CAG reports, less than 20% of allocated funds under several PLI schemes have been
disbursed so far. Delayed payouts and cumbersome procedures discourage participation and hinder momentum in
scaling up production.

Limited Participation Across Sectors

While sectors like electronics and pharmaceuticals show strong traction, others like textiles, drones and
semiconductors have seen tepid or delayed participation. The lack of clarity, global competition and technology
gaps deter small firms from entering these segments.

High Entry Barriers for MSMEs

Eligibility criteria such as minimum investment thresholds or turnover limits make it difficult for MSMEs to qualify.
This contradicts the inclusive development objective and risks over-concentration of benefits among large corporate
players.
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4.  Dependence on Imported Inputs

Despite increased domestic production, many PLI sectors still rely on critical imported components (e.g., chips in
electronics). This limits true self-reliance and makes India's exports vulnerable to external supply shocks and
currency volatility.

5. Regional Disparities in Implementation

PLI benefits are concentrated in industrialized states like Gujarat, Maharashtra and Tamil Nadu, while eastern
and northeastern states remain largely excluded. This could widen regional imbalances and underutilize India's
demographic dividend.

6.  Skilling and Infrastructure Deficiencies

The success of PLI depends on skilled manpower, energy and logistics infrastructure. Delays in industrial corridor
development, power shortages and inadequate port capacity hinder large-scale industrialization necessary for export-
led growth.

7. Environmental and Compliance Concerns

Rapid industrial expansion under PLI, especially in chemicals, pharmaceuticals and electronics, may strain
environmental resources. Weak monitoring and lax environmental safeguards can lead to ecological degradation and
impact sustainable development goals.

8.  Global Trade Barriers and Policy Uncertainty

Export-oriented firms under PLI face non-tariff barriers, anti-dumping duties and shifting geopolitical
alignments. Lack of policy continuity and export incentives in tandem with PLI also reduce long-term business
confidence and global competitiveness.

To fully realize the transformative potential of the PLI scheme, India must streamline fund disbursement, reduce entry
barriers, promote inclusive participation and integrate PLI with export and trade policies. It will help India emerge as a
global manufacturing and export powerhouse.

4. "MSMEs are the backbone of India’s economy, yet they remain the most vulnerable." Examine

Micro, Small and Medium Enterprises (MSMES) play a pivotal role in India’s economic architecture by driving
employment, innovation and decentralized growth. MSMEs often face systemic challenges that threaten their
sustainability and scalability, making them economically critical but structurally fragile components of India's
development model.

MSMESs Are the Backbone of India’s Economy
1.  Major Employment Generator

MSMEs employ over 110 million people, second only to agriculture and contribute significantly to livelihood
security in both rural and urban India. As per the MSME Ministry’s 2023 report, they account for over 30% of
total employment in India, ensuring inclusive economic participation.

2. Significant Contribution to GDP

The MSME sector contributes around 30% to India’s GDP, reflecting its centrality to the national economy. This
contribution encompasses diverse sectors such as manufacturing, services, trade and construction, enabling broad-
based economic development across geographies.

3. Boost to Exports

MSMEs contribute approximately 45% to India’s total exports, especially in sectors like textiles, handicrafts, gems
and jewellery and auto components. Their nimbleness and adaptability give India an edge in global value chains,
particularly in labour-intensive and niche product segments.
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4.

Industrial Decentralization and Regional Equity

MSMEs are often geographically dispersed, supporting balanced regional development. By promoting cluster-
based industries (e.g., handlooms in Varanasi, leather in Kanpur), they help reduce urban migration pressures and
sustain rural industrial economies.

Driver of Innovation and Entrepreneurship

MSMEs account for a substantial share of grassroots innovation, particularly in frugal engineering, agro-
processing and traditional crafts. Government programs like ASPIRE and Incubation Centres empower startups
and local entrepreneurs, reinforcing a self-reliant India (Atmanirbhar Bharat).

Women and Social Sector Participation

MSMEs are an important source of women’s employment and empowerment, especially in SHGs, cottage
industries and rural enterprises. They provide accessible platforms for marginalized communities, ensuring inclusive
and participatory growth.

Support to Supply Chain Resilience

During the pandemic and global supply chain disruptions, MSMEs played a crucial role in maintaining essential
supplies and services. Their flexibility allows rapid adaptation to demand shocks, making them integral to India’s
economic resilience.

Promoter of Skill Development

Many MSMEs act as training grounds for skilled and semi-skilled labour, often in traditional sectors. Their
apprenticeship-style functioning contributes to human capital formation, directly linking economic productivity
with grassroots skill enhancement.

Challenges Faced by MSMEs

1.

Limited Access to Credit

Nearly 90% of MSMEs are dependent on informal sources for credit. Despite schemes like MUDRA and
CGTMSE, collateral-free credit remains inaccessible due to stringent bank norms, poor credit histories and limited
financial literacy, hampering expansion and modernization.

Technological Obsolescence

Most MSMEs continue to operate with outdated machinery and processes, especially in rural belts. This reduces
productivity and competitiveness in domestic and global markets. The low adoption of Industry 4.0 technologies
makes them vulnerable in a digitally transforming world.

Delayed Payments and Working Capital Crunch

MSMEs suffer from chronic delayed payments from large corporations and government buyers. As per the RBI,
over 10,000 crore is pending under the TReDS platform. This creates severe liquidity constraints, threatening
business continuity.

Regulatory Burden and Compliance Complexity

Multiple registrations, overlapping inspections and compliance requirements under GST, labour laws and
environmental norms impose heavy costs on small enterprises. Despite UDYAM registration reforms, ease of
doing business remains elusive for many MSMEs.

Inadequate Marketing and Export Support

Most MSMEs lack professional marketing capacity, branding expertise, or access to international trade fairs and
e-commerce platforms. This limits their ability to expand markets, integrate into export chains, or move up the value
ladder.
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6.  Skill Gaps and Informal Workforce

MSMEs often rely on unskilled or semi-skilled informal workers, lacking structured training or certification. This
affects quality control and compliance with international standards, hindering their ability to scale or diversify.

7. Disruption from Global and Domestic Shocks

COVID-19, demonetization and geopolitical tensions like the Russia-Ukraine conflict have exposed MSMEs to
demand collapse and supply chain disruptions. Their limited risk absorption capacity makes recovery slower than
that of large enterprises.

8.  Poor Data and Policy Targeting

The absence of real-time, disaggregated data on MSMEs impairs policy planning. Many remain outside formal
registration (over 60% unregistered), making it difficult to deliver targeted schemes or assess ground-level impact.

To harness the full potential of MSMEs, India must ensure access to affordable credit, robust digital infrastructure and
simplified regulatory norms. Integrating MSMEs into global value chains, strengthening cluster-based development and
promoting green and digital transformation will make the sector resilient and competitive, fulfilling its role as the
backbone of a self-reliant and inclusive India.

5. Examine how India’s Startup ecosystem can contribute to inclusive growth. What are the barriers that hinders
its potential?

India’s startup ecosystem, the third largest globally, is a critical pillar of New India’s innovation economy. With over 1
lakh registered startups and more than 100 unicorns, it fosters job creation, technological empowerment and social
inclusion.

India’s Startup Ecosystem Contributes to Inclusive Growth
1.  Employment Generation Across Sectors

Startups are creating jobs in IT, healthcare, education, agritech and fintech, employing both skilled and semi-
skilled workers. According to Startup India, over 12 lakh direct jobs have been generated, supporting livelihood
security and demographic dividend utilization across regions.

2. Rural and Tier-2/Tier-3 Empowerment

Startups are moving beyond metros, with over 50% registered in Tier-2 and Tier-3 cities. Platforms like DeHaat
(agritech) and Meesho (social commerce) bring technology, capital and market access to rural areas, fostering
regional equity and reducing urban migration.

3. Women and Youth Empowerment

Startups provide flexible employment and leadership roles for women and young entrepreneurs. Initiatives like
Women Startup Program by NSRCEL-1IMB and Startup India Seed Fund promote gender-balanced economic
participation, vital for inclusive and sustainable development.

4.  Bridging the Digital Divide

By offering tech-enabled solutions in vernacular languages, startups promote digital literacy and access among the
underserved. For example, DigiLocker and Koo App contribute to digital democratization, aligning with the goals
of Digital India and inclusive governance.

5. Filling Gaps in Public Service Delivery

Startups are innovating in ed-tech, health-tech and agri-tech, complementing state efforts. BYJU’S in education,
1mg in healthcare and Ninjacart in farm logistics have helped improve service accessibility, especially for
marginalized populations.
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Promoting Green and Sustainable Innovation

Startups in cleantech, EV and waste management are tackling environmental challenges while creating jobs.
Companies like Ather Energy and Recykal contribute to a circular economy, addressing both ecological and
economic inclusion.

Financial Inclusion and Credit Access

Fintech startups such as Razorpay, PhonePe and Khatabook are revolutionizing digital payments, enabling last-
mile financial inclusion for kirana shops, farmers and micro-entrepreneurs. This supports bottom-up economic
growth and self-reliance.

Catalyzing Innovation Culture and Skill Development

Through incubators, accelerators and hackathons, startups foster a culture of innovation, risk-taking and
problem-solving. Government schemes like Atal Innovation Mission (AIM) and Startup India are cultivating a
new generation of innovators and job creators.

Barriers That Hinder the Potential of India’s Startup Ecosystem

1.

Access to Early-Stage Funding

Despite a rise in venture capital, early-stage startups struggle to raise funds due to risk aversion and stringent
investor expectations. Many promising ideas fail to mature due to inadequate support from banks, angel investors,
or seed funds.

Policy and Regulatory Hurdles

Multiple clearances, frequent taxation changes and uncertainty around ESOP taxation and angel tax hinder ease of
doing business. Inconsistent regulations across states often discourage startups from scaling operations or expanding
across India.

Limited Market Access and Visibility

Startups, especially in non-metro regions, lack branding capacity, mentorship and distribution channels. Their
access to government procurement, corporate tie-ups and global markets is constrained, restricting their growth
potential and wider impact.

Infrastructural Constraints

Inadequate digital infrastructure, logistics networks and power supply in rural and semi-urban India hinder startup
operations. This infrastructure gap especially affects agritech, health-tech and manufacturing startups trying to
serve underserved regions.

Talent Retention and Skill Mismatch

Startups often face high attrition rates and struggle to attract experienced professionals due to competition with large
corporations. Additionally, there is a gap between academic training and startup skill needs, affecting productivity
and innovation.

Digital Divide and Affordability Issues

Despite digital expansion, many rural populations still lack affordable internet access, devices and digital literacy.
This reduces the reach and usability of digital startup services, especially in ed-tech, e-health and e-commerce
domains.

Lack of Long-Term Handholding Support

Most support systems like incubators, seed grants and mentoring are urban-centric and short-term. Early-stage
startups, especially by first-generation entrepreneurs, need sustained capacity-building, handholding and policy
clarity for long-term viability.
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8. Fear of Failure and Cultural Mindset

Indian society still largely favors job security over entrepreneurship. The stigma associated with startup failure
discourages risk-taking and experimentation, crucial for innovation-led inclusive growth.

To unlock the inclusive growth potential of India’s startups, policies must ensure access to finance, ease of doing
business, digital infrastructure and market linkages. Strengthening grassroots incubation, facilitating public-private
partnerships and nurturing a culture of innovation and risk-taking will transform startups into engines of equitable,
sustainable and self-reliant development.

6.  Assess the potential of use of technology in agriculture. What are the challenges in scaling these technologies at
grassroots level?

Technological innovations in agriculture have the potential to enhance productivity, reduce input costs and make Indian
agriculture more climate-resilient and market-driven. Diffusion of such technologies at the grassroots is crucial for
agricultural prosperity.

Potential of Use of Technology in Agriculture
1. Precision Farming and Smart Irrigation

Technologies like remote sensing, GPS-enabled tractors and drip irrigation systems help farmers optimize input
use, improve yields and conserve resources. Initiatives like PM-PRANAM aim to incentivize such efficient input use,
especially fertilizers, for sustainable agriculture.

2. Al and Data-Driven Crop Advisory

Al tools like Kisan e-Mitra and IBM Watson Decision Platform offer localized weather-based crop advice, pest
alerts and best practices. These improve risk mitigation, especially for smallholders vulnerable to climate shocks
and pest outbreaks.

3. Drone Technology for Input Application

Drones are now used for aerial spraying of pesticides, fertilizers and real-time field mapping. The Sub-Mission
on Agricultural Mechanisation (SMAM) supports drone usage, helping reduce labor dependency and health
hazards, particularly during pandemics.

4.  Digital Platforms for Market Linkages

Portals like e-NAM and mobile apps like AgriBazaar bridge the gap between farmers and buyers, ensuring better
price realization and reducing middlemen exploitation. This promotes agriculture as an enterprise rather than mere
subsistence.

5.  Post-Harvest Technologies and Storage

Cold chain technologies, solar dryers and packaging innovations help reduce post-harvest losses, which account for
15-20% of total food output in India. This not only ensures food security but also boosts farmers' income and shelf
life of produce.

6.  Blockchain and Traceability

Blockchain allows transparent tracking of the entire value chain—from farm to fork—enabling trust, traceability
and certification. This is vital for organic exports, food safety compliance and enhancing India's agri-export
competitiveness.

7. Fintech and Digital Credit

Apps like Kisan Credit Card e-platform, Khetibuddy and Samunnati facilitate instant loans, insurance and
transaction histories using Al, ML and satellite data. These boost financial inclusion and reduce dependence on
informal moneylenders.
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8.

Climate-Resilient Agri-Tech Solutions

Technologies such as climate-smart seeds, mobile-based climate advisory and water-efficient practices improve
adaptation to erratic monsoons and extreme weather events. Platforms like SAFAL (South Asia Forum for
Agricultural Livelihoods) promote climate resilience.

Challenges in Scaling These Technologies at Grassroots Level

1.

Low Digital Literacy Among Farmers

A significant proportion of India’s farmers, especially small and marginal farmers, lack basic digital literacy. They
often find it difficult to operate smartphones, apps, or digital portals, creating a digital divide that hampers
technology adoption.

High Initial Cost and Affordability Issues

Advanced agri-tech tools like drones, 10T sensors and precision Kits are expensive and beyond the reach of most
small farmers. Without subsidies or shared community models, the cost-benefit ratio is unviable at the grassroots
level.

Lack of Reliable Internet and Power Connectivity

In rural India, intermittent electricity and poor internet connectivity restrict usage of digital tools and platforms.
According to TRAI, rural internet penetration stands at just 38%o, creating infrastructural bottlenecks for agri-tech
expansion.

Fragmented Land Holdings

Over 85% of Indian farmers own less than 2 hectares. These fragmented landholdings make it difficult to
implement large-scale mechanization, GPS mapping and drone surveillance, limiting economies of scale for
technology adoption.

Inadequate Extension Services

The traditional agricultural extension network is under-resourced, with a high farmer-to-extension officer ratio.
This leads to poor awareness and improper usage of new technologies. Lack of personalized handholding reduces the
effectiveness of tech solutions.

Skepticism and Resistance to Change

Farmers often exhibit risk aversion due to fear of crop failure, especially in the absence of reliable after-sales service
or technical troubleshooting. Cultural preferences and lack of trust in private providers also hinder technology uptake.

Policy Gaps and Implementation Delays

Despite schemes like Digital Agriculture Mission (2021-2025), implementation is uneven across states. Fragmented
governance, lack of standardization and poor coordination between central, state and private stakeholders create
policy paralysis on ground.

Language and Localization Challenges

Most agri-tech platforms are not available in regional languages or lack contextual adaptation. Farmers from non-
Hindi and non-English speaking regions struggle to understand advisories, reducing the usability and inclusiveness
of digital innovations.

Unlocking the true potential of agri-tech demands a multidimensional strategy including rural digital infrastructure,
farmer skilling, targeted subsidies and participatory extension services That will transform agriculture into a climate-
resilient, tech-driven and inclusive sector in New India.
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7. "Aquaculture has emerged as a sunrise sector for the Indian economy." Discuss the economic significance of
aquaculture in India and examine the policy initiatives taken to promote it.

Aquaculture, or the farming of aquatic organisms like fish, shrimp and mollusks, has transformed into a high-growth,
employment-intensive sector in India. With rising global protein demand, aquaculture offers immense potential for export
earnings, nutritional security and rural livelihood enhancement, aligning with India's goals of Blue Economy and
inclusive growth.

Economic Significance of Aquaculture in India
1.  High Contribution to Agricultural GDP

Aquaculture contributes nearly 1.24% to India’s total GDP and about 7.7% to the agricultural GDP. It serves as a
vital non-land-based income stream, particularly in states like Andhra Pradesh, Odisha and West Bengal, which are
rich in inland and brackish water resources.

2. Major Source of Employment and Livelihood

Over 14 million people are directly or indirectly dependent on fisheries and aquaculture for livelihood. It offers self-
employment opportunities to small-scale farmers, women and coastal communities, making it a pillar of rural
economic diversification.

3. Export-Oriented Sector

India is the second-largest aquaculture producer and fourth-largest exporter of fish and seafood. Marine product
exports fetched over $8 billion in FY 2022-23, led by shrimp exports, contributing significantly to the foreign
exchange reserves.

4.  Boost to Nutritional Security

Aguaculture enhances protein accessibility in a cost-effective manner. Fish is a rich source of omega-3 fatty acids
and micronutrients, supporting the fight against hidden hunger and malnutrition, especially in coastal and tribal
belts.

5. Efficient Land and Water Use

Aguaculture utilizes underutilized water bodies, tanks and brackish water, making it a sustainable enterprise
without competing for arable land. Integrated fish farming with paddy or livestock increases resource efficiency and
income stability.

6.  Catalyst for Allied Industries

It fuels the growth of ice plants, feed mills, processing units, logistics and cold chains, thus stimulating rural non-
farm employment. The ripple effects help enhance backward and forward linkages in rural supply chains.

Policy Initiatives Taken to Promote Aquaculture
1.  Pradhan Mantri Matsya Sampada Yojana (PMMSY)

Launched in 2020, PMMSY aims to increase fish production to 22 MMT by 2024-25, double exports and generate
55 lakh employment opportunities. It supports hatchery development, aquaculture insurance, market infrastructure
and quality certification.

2. Blue Revolution Mission

The Blue Revolution Scheme (2015-2020) provided the groundwork for boosting aquaculture infrastructure, brood
banks, training and cold chain development. It laid the foundation for scaling India’s aquatic food economy across
inland and marine sectors.
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3. Fisheries and Aquaculture Infrastructure Development Fund (FIDF)

With a corpus of 7,522 crore, FIDF promotes affordable institutional credit for fisheries infrastructure. It
facilitates modern hatcheries, feed mills, processing plants and fish landing centers, critical for value chain
modernization.

4.  Kisan Credit Card (KCC) Extension to Fisherman

The extension of KCC to fishers and aquaculture farmers has improved access to working capital and short-term
credit, ensuring timely input procurement and reducing dependence on informal moneylenders, especially in
marginalized fishing communities.

5.  Ease of Doing Aquaculture through e-Governance

Initiatives like e-GOPALA, Matsya Setu app and digital fisheries database help in disseminating advisories, disease
alerts and subsidy tracking. These ICT-enabled governance tools enhance efficiency, transparency and farmer
awareness.

6.  Agua One Centers and Cluster-Based Models

The government promotes Aqua One Centers for handholding support in disease management and water quality
monitoring. Cluster-based approaches encourage group farming, shared infrastructure and cooperative marketing,
especially among smallholders.

7.  Sagar Mitras and Capacity Building

Under PMMSY, over 8,000 Sagar Mitras have been deployed to act as grassroots aquaculture facilitators. They
provide real-time support in extension services, scheme awareness and technical training, ensuring last-mile
delivery.

8.  Export Promotion through MPEDA

The Marine Products Export Development Authority (MPEDA) assists exporters with market access, traceability
certifications and quality standards. This strengthens India’s global reputation as a safe, hygienic seafood
exporter, especially in the US and EU markets.

To sustain aquaculture as a sunrise sector, India must focus on research-led innovation, environmental sustainability,
robust value chains and credit inclusivity. Integrating climate-smart practices, empowering fisherfolk and ensuring
inter-ministerial coordination will transform aquaculture into a pillar of blue growth, nutritional security and rural
prosperity in New India.

8.  In the context of India's clean energy transition, What are the potential benefits and key challenges in
integrating Small Modular Reactors (SMRs) into India‘s nuclear energy roadmap?

Small Modular Reactors (SMRs) are advanced nuclear reactors with power capacities up to 300 MW(e) per unit, designed

for modular deployment, enhanced safety and flexibility. As India aims for net-zero emissions by 2070, SMRs offer a

decarbonized, reliable and scalable energy source, complementing intermittent renewables in the national clean energy
matrix.

Potential Benefits in Integrating SMRs into India’s Nuclear Energy Roadmap
1.  Decentralized Power Generation

SMRs can be deployed in remote, off-grid, or disaster-prone areas, where large-scale plants are not feasible. This
promotes energy access and regional equity, particularly in the North-Eastern states and Andaman & Nicobar
Islands, enabling decentralized development.

2.  Enhanced Safety and Risk Management

SMRs use passive safety features, modular containment and underground installations, minimizing risks of
radiation leaks and meltdown. These inherent safety mechanisms improve public confidence and reduce the
environmental footprint of nuclear energy.
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3.

Complementing Intermittent Renewables

SMRs provide baseload power, stabilizing grids that rely heavily on solar and wind energy, which are intermittent
in nature. This supports load balancing and grid reliability—crucial for India’s expanding renewable energy target
of 500 GW by 2030.

Lower Capital and Construction Time

Due to modular construction, SMRs require less upfront investment and shorter build time than conventional nuclear
plants. This reduces project delays and cost overruns, making nuclear energy more financially accessible,
especially under public-private partnership models.

Industrial Decarbonization

SMRs can be used for non-electric applications like district heating, desalination and hydrogen production,
aiding hard-to-abate sectors in reducing emissions. Their integration with Green Hydrogen Missions enhances
India's energy security and climate commitments.

Export and Technological Leadership

India’s development of indigenous SMR designs through Bhabha Atomic Research Centre (BARC) could position
it as a global supplier to countries lacking nuclear infrastructure. This strengthens India’s soft power and strategic
technological leadership in the Global South.

Reduced Land and Water Footprint

SMRs have a smaller land requirement compared to large reactors and can operate with air-cooled or low-water
cooling systems, making them suitable for arid zones. This enhances resource efficiency in climate-vulnerable
regions.

Integration with Smart Grids

SMRs' flexibility and modularity enable better integration with smart grids and microgrids, enhancing grid
resilience during peak loads or emergency conditions. This is particularly relevant for disaster-prone and strategically
sensitive areas.

Key Challenges in Integrating SMRs into India’s Nuclear Energy Roadmap

1.

Lack of Regulatory Framework

India lacks a dedicated regulatory regime for SMRs, including safety codes, licensing processes and environmental
guidelines. Without updated policies by the Atomic Energy Regulatory Board (AERB), deployment faces
procedural delays and legal ambiguity.

High Per Unit Cost of Generation

Despite lower capital investment, the Levelized Cost of Electricity (LCOE) for SMRs remains higher due to lack of
economies of scale. Without financial de-risking or government incentives, private sector participation may remain
limited.

Technology Readiness and Indigenous Capability

India has yet to commercialize indigenous SMR prototypes. Scaling up requires significant investment in R&D,
supply chains and skilled workforce. Dependence on foreign collaboration could expose India to geopolitical
vulnerabilities.

Public Perception and Nuclear Stigma

Historical concerns over nuclear safety—fueled by incidents like Chernobyl and Fukushima—persist in public
memory. This social resistance and mistrust can delay land acquisition, clearances and political consensus,
especially in densely populated areas.

NEXT IAS Wwww.nextias.com




AANKALAN UPPSC GS PAPER V (Test-5) Page |15

5. Waste Management and Decommissioning

Although smaller in size, SMRs still produce radioactive waste, requiring long-term storage and disposal solutions.
The lack of a national spent fuel policy or central repository increases environmental and security concerns.

6.  Grid Integration and Infrastructure Bottlenecks

Deploying SMRs in remote or underserved areas requires robust transmission and grid infrastructure, which is often
lacking in backward regions. Without parallel investment in smart and reliable grid systems, SMRs may face
operational limitations.

7. Limited Private Sector Involvement

India’s nuclear sector is state-dominated, with the Atomic Energy Act of 1962 restricting private investment.
Without reforms to allow private-public joint ventures, SMR adoption may be constrained by limited funding and
operational capacity.

8. International Liability Concerns

India’s Civil Liability for Nuclear Damage Act (2010) imposes stringent supplier liability, discouraging foreign
OEMs and technology transfer. This complicates India’s access to advanced SMR designs from countries like the
USA, Canada and Russia.

To unlock the potential of SMRs, India must develop a comprehensive regulatory framework, reform liability laws and
ensure R&D collaboration between public and private sectors. By integrating SMRs with the National Electricity Plan,
Hydrogen Mission and Green Energy Corridors, India can build a resilient, low-carbon energy ecosystem, securing
both energy and environmental futures.

9. “Drones have emerged as a double-edged sword in national security discourse.” Examine

Drones, or Unmanned Aerial Vehicles (UAVs), are remotely piloted aircraft used for diverse purposes, from military
reconnaissance to commercial deliveries. Equipped with cameras, sensors and GPS, they offer precise, real-time data
collection and operation in hard-to-reach areas, making them valuable tools in defence, agriculture, disaster response and
logistics.

Drone Technology Potential in National Security

1.  Force Multiplier in Surveillance and Reconnaissance

Drones provide real-time intelligence, surveillance and target acquisition (ISTA) capabilities, enabling situational
awareness across borders and coastal regions. India's use of Heron drones in Ladakh and UAVs in anti-Naxal
operations showcases their utility in asymmetric warfare and border management.

2. Precision in Counter-Terror Operations

Armed drones are increasingly used for targeted Killings and surgical strikes, minimizing collateral damage. The
U.S. success in eliminating ISIS and Al-Qaeda operatives via drone strikes sets a precedent for counter-terrorism
efficiency and preemptive security architecture.

3.  Coastal and Maritime Security Enhancements

Drones like SeaGuardian and Predator MQ-9B, recently acquired by India from the U.S., bolster naval ISR
(Intelligence, Surveillance, Reconnaissance), helping detect piracy, illegal fishing and underwater threats in the
Indian Ocean Region, crucial for Blue Economy protection.

4. Aidin Disaster Response and Internal Security

During natural calamities and riots, drones assist in crowd monitoring, damage assessment and logistics delivery.
For example, during the 2020 COVID-19 lockdown, drones were deployed for aerial surveillance in urban areas,
reducing human exposure.
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5.

Minimizing Human Risk in Hostile Terrain

In high-altitude or insurgency-prone areas like Siachen or the North-East, drones reduce the need for human patrols,
thereby lowering casualty risks while maintaining security oversight in logistically and climatically challenging
zones.

Enhancing Border Management Systems

India’s Comprehensive Integrated Border Management System (CIBMS) integrates drone surveillance for day-
night border patrolling, particularly along the India-Pakistan and India-Bangladesh borders, enhancing
monitoring of cross-border infiltrations.

Supply Chain Logistics in Remote Warfare Zones

Drones have been successfully tested for last-mile delivery of ammunition, rations and medical aid in forward
posts. Startups under the iDEX (Innovations for Defence Excellence) initiative are building drone systems for
military logistics in border zones.

Strengthening Homeland and Critical Infrastructure Security

Drones equipped with thermal imaging and Al analytics are used to secure airports, nuclear facilities and oil
refineries. Their potential for real-time threat detection makes them vital in homeland security planning and
event protection.

Drone Technology Threat in National Security

1.

Cross-Border Terrorism and Smuggling

India faces increasing threats from Pakistan-based drones dropping arms, ammunition and drugs in Punjab and
Jammu regions. According to BSF, over 300 drone sightings were reported in 2023 alone, revealing a new mode of
covert infiltration and supply.

Weaponization by Non-State Actors

Drones are being weaponized by terror outfits and insurgent groups. Low-cost commercial drones can be modified
to carry IEDs or biological payloads, posing asymmetric threats to urban and soft targets, as seen in Yemen’s
Houthi attacks on Saudi oil fields.

Cybersecurity and GPS Spoofing Risks

Drones are vulnerable to cyber hacking, jamming, or spoofing, allowing adversaries to hijack or neutralize them.
Critical defense drones may be compromised if command systems are infiltrated, exposing vulnerabilities in
electronic warfare domains.

Rise of Drone Warfare

The ongoing Russia-Ukraine conflict demonstrates how low-cost, high-impact drones like Iranian Shahed-136 are
redefining warfare. Ukraine’s success with commercial and kamikaze drones shows how non-state and under-
resourced actors can challenge superior militaries.

Urban Warfare and Civilian Threats

Drones can bypass traditional defence systems and operate in urban terrain with anonymity. The 2021 Jammu Air
Force Station drone attack—the first of its kind in India—highlighted the threat of low-altitude UAVs breaching
secure installations.

Proliferation and Black Market Risks

The ease of acquiring drone parts from online or grey markets leads to uncontrolled proliferation. Without strict end-
user verification and international regulations, terrorists or rogue actors may weaponize drones for strategic
sabotage or bio-attacks.
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7.  Escalation of Indo-Pak Proxy Conflict

Frequent drone incursions have led to military retaliation and geopolitical tensions. In July 2023, a drone carrying
grenades was neutralized by Indian forces in Kathua, followed by recent Pakistan dropping 400 drones on India post
Operation Sindoor illustrates how drones are becoming provocative tools in grey-zone warfare.

To harness the dual potential of drones, India must adopt a balanced strategy by promoting indigenous drone
manufacturing, creating Al-based drone command systems and strengthening anti-drone defence infrastructure. A
robust regulatory framework, public-private partnerships and cross-border cooperation are vital to ensure drones serve
as tools of national security, not threats to it.

10. Stampedes during mass gatherings often reflect systemic failures in planning. Examine the key reasons behind
recurring stampedes in India. How can technologies be leveraged to manage such disasters effectively?

Stampedes are sudden, uncontrolled surges of crowds, often leading to injuries or fatalities. In India, such tragedies during
religious events, political rallies, or festivals reveal serious lapses in crowd management, administrative preparedness
and infrastructure planning.

Key Reasons Behind Recurring Stampedes in India
1. Overcrowding and Poor Crowd Estimation

Mass gatherings often exceed anticipated turnout, overwhelming available infrastructure. In the 2024 Hathras
stampede, over 2.5 lakh people gathered in a space fit for a few thousand, leading to chaos and fatalities due to
choked exit points and panic movements.

2. Lack of Exit and Evacuation Planning

Many events lack multiple or well-marked exit routes. During the 2024 Allahabad Maha Kumbh Mela, many
pilgrims died due to a stampede prior one of Shahi Snana , highlighting the absence of crowd flow regulation and
proper evacuation infrastructure.

3. Poor Coordination Among Stakeholders

Ineffective coordination between police, civic authorities and event organizers delays crisis response. In Hathras,
lack of prior permissions, emergency protocols and unified command systems exacerbated the crowd surge and
obstructed timely rescue operations.

4, Inadequate Infrastructure and Barricading

Events often take place in temporary or unregulated venues without adequate fencing or infrastructure. Weak
barricades collapse under pressure, as seen in several temple-related stampedes, leading to a domino effect of panic-
induced stampede.

5. Misinformation and Rumors

Stampedes are frequently triggered by false alarms, fire rumors, or perceived threats. The 2008 Jodhpur
Chamunda temple tragedy occurred after a rumor of a bomb explosion, creating a stampede that killed over 200
people.

6. Lack of Trained Crowd Managers

Most events rely on untrained volunteers or under-prepared security personnel, leading to poor crisis handling.
The absence of simulation drills or risk assessments before major gatherings increases vulnerability to stampedes.

7. Negligence of Vulnerable Populations

Women, children and elderly often lack priority evacuation pathways or special zones, increasing casualty rates.
The Pushkar Mela and Sabarimala stampedes have repeatedly shown how neglecting crowd diversity can worsen
outcomes.
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Technologies To Be Leveraged to Manage Disasters Effectively
1.  Al-Based Crowd Flow Prediction

Artificial Intelligence and machine learning can analyze real-time crowd behavior and footfall patterns. Tools like
ISRO’s Bhuvan platform or Al cameras can predict congestion zones, allowing proactive evacuation and resource
allocation before overcrowding peaks.

2. Drone Surveillance and Real-Time Monitoring

Drones can provide aerial surveillance of large gatherings, helping monitor crowd density, movement and
emergency zones. During the Kumbh Mela 2019, drones equipped with thermal imaging and zoom lenses enabled
real-time crowd dispersal decisions.

3. Facial Recognition and RFID Tracking

Facial recognition cameras and RFID wristbands can help monitor individual movement, identify lost persons and
trace groups. This was effectively used in Jagannath Puri Rath Yatra, reducing stampede risks by tracking pilgrim
clusters and movements.

4.  Geo-Fencing and Mobile Alert Systems

Mobile towers can send location-based SMS alerts for route changes, weather warnings, or emergency instructions.
Geo-fencing also enables automated notifications when crowd numbers breach safety limits in sensitive areas.

5. Simulation and Digital Twin Modeling

Before large events, digital twin models can simulate various crowd scenarios to optimize exit routes, barricade
placement and emergency services. These tools aid in contingency planning, helping authorities visualize and
mitigate risks.

6. Integrated Command and Control Centers (ICCCs)

Urban ICCCs, as seen in Varanasi Smart City, integrate CCTV feeds, emergency response systems and police
dispatch. During mass events, these hubs function as nerve centers for coordination, decision-making and multi-
agency response.

7. Wearable Safety Devices and Panic Buttons

Smart wearables with panic buttons or GPS tracking can alert authorities in real time. These are particularly useful
for children, women and elderly in large crowds, facilitating timely intervention and localized rescue.

8.  Training Simulations and Virtual Reality (VR)

Using VR-based training modules, police and volunteers can undergo realistic crowd control drills, improving
their preparedness for stampede situations. Regular rehearsals improve reflexive decision-making under panic
conditions.

To prevent stampedes, India must institutionalize technology-driven crowd management, backed by regulatory
frameworks, real-time data systems and trained personnel. Collaborative planning involving tech startups, civic bodies
and law enforcement, along with public awareness and ethical governance, is vital to ensure safe, inclusive and
incident-free mass gatherings in the future.

11. Modernisation of Indian Railways is pivotal for economic growth and safety. Highlight the key steps taken by
the government to modernise Indian Railways and suggest a comprehensive strategy to make Indian Railways
efficient.

Indian Railways, one of the world’s largest rail networks, serves as the backbone of India’s logistics and passenger
transport system. Its modernisation is essential looking towards increasing safety standards and economic
competitiveness, aligning with the goals of digital India and green mobility.
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Modernisation of Indian Railways is Pivotal for Economic Growth and Safety

1.

Enhancing Freight Efficiency and Logistics

Modernising railways reduces dependence on road transport, improving cost-effective bulk cargo movement. With
Dedicated Freight Corridors (DFCs), freight trains can move faster and more efficiently, cutting logistics costs and
boosting the Make in India initiative.

Boosting National Connectivity and Mobility

High-speed rail and upgraded infrastructure improve passenger connectivity, facilitating faster inter-city travel.
Projects like Mumbai-Ahmedabad bullet train enhance urban-rural integration, supporting regional growth and
labor market mobility.

Strengthening Safety Infrastructure

Modern signalling systems, KAVACH (indigenous train protection system) and automated level crossings reduce
human error, train collisions and derailments, ensuring passenger safety and better accident response.

Job Creation and Skill Development

Railway modernisation fosters employment in infrastructure, manufacturing and services sectors. Schemes like
Rail Kaushal Vikas Yojana focus on training youth in skills like welding, track laying and electrical work, boosting
economic inclusion.

Promoting Sustainable Transport

Railways are more energy-efficient and less polluting than roads or airways. With 100% electrification targets,
Indian Railways aims to become a net-zero carbon emitter by 2030, supporting India’s climate commitments under
the Paris Agreement.

Encouraging Urban Development

Modern stations with multimodal integration, smart ticketing and commercial spaces boost urban growth and real
estate development. Redevelopment projects like Rani Kamalapati (Habibganj) station set the model for future-
ready transit hubs.

Improving Passenger Experience

Modernisation includes Vande Bharat trains, Wi-Fi-enabled coaches, bio-toilets and online catering. These
enhance commuter satisfaction, encourage train travel and reduce congestion in other transport modes like highways
or airlines.

Facilitating Regional Equity

Railway projects in North-East, tribal and border areas support strategic connectivity, socio-economic upliftment
and disaster response. This helps bridge the development divide across states and ensures inclusive national growth.

Steps Taken by the Government to Modernise Indian Railways

1.

Electrification and Renewable Integration

Over 85% of broad-gauge routes are electrified (as of 2024), with plans for 100% electrification by 2030. Indian
Railways is also investing in solar and wind energy farms, reducing reliance on fossil fuels and operational costs.

Introduction of Vande Bharat Express

India's first semi-high-speed indigenous train, Vande Bharat Express, provides faster, safer and more comfortable
travel. Over 40 routes are now operational, reflecting a shift toward high-speed mobility infrastructure.

Dedicated Freight Corridors (DFCs)

The Eastern and Western DFCs are aimed at segregating freight and passenger traffic, ensuring speedier goods
movement. DFCs reduce travel time by over 40%, boosting the economy and decongesting main passenger lines.
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4.

Station Redevelopment Program

Under the Amrit Bharat Station Scheme, over 1,300 stations are being upgraded with modern amenities, clean
energy systems and multimodal connectivity, ensuring better user experience and passenger safety.

Digital Initiatives and Al Integration

E-ticketing platforms, Al-based predictive maintenance and automated inspection systems improve operational
efficiency. Tools like Rail Madad and UTS app ensure better grievance redressal and unreserved ticketing access.

KAVACH — Automatic Train Protection System

KAVACH, developed by Indian Railways, is a collision-avoidance system that ensures trains automatically halt if
another train is detected ahead. It's being deployed across 3000 km of rail network to enhance operational safety.

Public-Private Partnership (PPP) Initiatives

The Railways has invited private investment in rolling stock manufacturing, station development and logistics
parks. These PPP models reduce public burden and promote innovation, efficiency and timely project execution.

Green and Smart Coaches

Modern LHB coaches with bio-toilets, solar panels, smart lighting and CCTV surveillance are replacing old
models. These upgrades reduce energy consumption and maintenance needs while improving passenger safety and
hygiene.

Strategy to Make Indian Railways Efficient

1.

Complete Multimodal Integration

Railways should integrate with metro, buses, waterways and last-mile services. This will reduce overall travel time
and enhance the utility of the National Infrastructure Pipeline (NIP) under the Gati Shakti Master Plan.

Expand High-Speed and Regional Connectivity

India must accelerate projects like Mumbai-Ahmedabad High-Speed Rail and explore more corridors under the
Diamond Quadrilateral to promote fast, efficient and long-distance mobility on par with global standards.

Promote Indigenous Manufacturing under Make in India

Expanding locomotive, track and signaling system production through the Make in India and Atmanirbhar Bharat
programs will reduce imports, create jobs and enhance strategic autonomy in transport infrastructure.

Private Sector Entry and Commercialisation

Opening more sectors like passenger trains, maintenance depots and catering to private participation will bring
technology infusion, better service delivery and reduce the financial burden on the state.

Optimize Freight Revenues and E-Logistics

Use of blockchains, Al-driven logistics chains and dedicated cargo corridors can help double freight movement
share to 45% by 2030, supporting India’s National Logistics Policy goals.

Skill Development and Human Resource Reform

Railways must invest in training staff in Al, data analytics and smart grid maintenance. Rationalizing staffing
policies and implementing performance-based incentives will improve efficiency and innovation.

Upgrade Signalling and Communication Systems

Shift from manual to automated and Al-based signaling, integrating GPS, sensors and control centers, will improve
network efficiency, accident reduction and faster movement of trains.
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8.  Focus on Financial Sustainability

Railways must implement fare rationalization, reduce cross-subsidies and explore non-fare revenues from
advertising, station leasing and real estate. This ensures long-term viability without compromising public service
delivery.

Modernising Indian Railways is central to building a resilient, sustainable and globally competitive economy. Through a
synergy of policy innovation, technological advancement, financial reforms and public-private collaboration, Indian
Railways can transform into a 21st-century engine of inclusive growth, safety and connectivity.

12. Agriculture is a vital sector for India’s economy but faces several challenges. Discuss these challenges and
propose measures to address them

Agriculture remains a cornerstone of India’s economy, providing employment to over 45% of the population and
contributing around 17% to the Gross Value Added (GVA). Beyond food production, it ensures nutritional security,
rural income and socio-economic stability.

Agriculture is a Vital Sector for India’s Economy
1.  Largest Employer in India

Agriculture provides livelihood to nearly half of India’s workforce, especially in rural areas. It is crucial for
poverty alleviation, social stability and inclusive economic development, particularly in states like UP, Bihar and
Madhya Pradesh.

2.  Ensures Food and Nutritional Security

India has become a food-surplus nation, largely due to its robust agricultural base. Crops like rice, wheat and pulses
ensure self-sufficiency and form the backbone of welfare schemes like the Public Distribution System (PDS).

3. Significant Contribution to Exports

Agriculture accounts for around 11-12% of total exports, with items like rice, spices, tea, marine products and
cotton earning vital foreign exchange. This enhances India’s trade competitiveness and balance of payments.

4.  Supports Agro-Based Industries

Agriculture fuels industries like textiles, food processing and dairy, creating a multiplier effect on employment
and income. Value-added agri-products boost India’s rural manufacturing and startup ecosystem under schemes
like PMFME.

5. Promotes Regional Development

Farming sustains rural economies by encouraging local entrepreneurship, infrastructure development and
consumption. Agriculture-led development has helped reduce inter-state inequality, especially in Eastern and North-
Eastern regions.

6.  Key to Inflation Management

Food inflation, governed by agricultural output, significantly influences overall retail inflation (CPI). Efficient
agriculture ensures price stability, which is critical for macroeconomic health and monetary policy effectiveness.

7. Climate Buffer and Ecosystem Services

Sustainable farming helps in carbon sequestration, soil regeneration and biodiversity conservation. Organic and
natural farming models promote environment-friendly agriculture, aiding India’s climate mitigation strategies.

8.  Cultural and Social Identity

Agriculture is deeply woven into India’s traditions, festivals and cultural ethos, such as Pongal, Baisakhi and
Onam. It provides emotional and historical continuity to rural life and national consciousness.
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Challenges Faced by the Agriculture Sector

1.

Land Fragmentation and Low Productivity

With average landholding size at 1.08 hectares, farming is becoming economically unviable. Small and marginal
farmers struggle to adopt modern technology, irrigation, or mechanization, resulting in low yields.

Dependence on Monsoons

Over 50% of gross cropped area is still rainfed. Erratic monsoons, floods and droughts due to climate change
severely affect cropping patterns, making farming highly risk-prone and unstable.

Low Remunerative Prices and Market Access

Farmers often sell below Minimum Support Prices (MSP) due to limited storage and access to regulated markets.
Only 6% of farmers benefit from MSP procurement, reflecting a broken price realization system.

Lack of Institutional Credit and Indebtedness

Small farmers remain dependent on informal lenders despite schemes like Kisan Credit Card (KCC). Delayed
disbursements and crop loan waivers further affect the credit culture and financial discipline in rural banking.

Post-Harvest Losses and Weak Infrastructure

India loses around 30-40% of perishables due to lack of cold chains, warehouses and processing units. This
erodes farm incomes and creates a supply-demand mismatch, affecting food inflation and farmer morale.

Input Cost Inflation

Prices of fertilizers, seeds and diesel have surged in recent years, increasing cost of cultivation. The unsustainable
input-output price ratio deters investment and innovation in the sector.

Inadequate Technology Penetration

Despite efforts like Digital Agriculture Mission, adoption of drones, Al, precision farming and real-time data
remains limited. Digital divide and poor extension services restrict grassroots transformation.

Environmental Degradation and Soil Exhaustion

Overuse of chemical inputs has led to soil infertility, groundwater depletion and ecological imbalance. States like
Punjab and Haryana show signs of agricultural distress due to unsustainable practices.

Measures to Address Challenges in Agriculture

1.

Promote Land Consolidation and FPOs

Encouraging Farmer Producer Organisations (FPOSs), cooperative farming and land leasing reforms can
overcome land fragmentation. This enables collective bargaining, resource pooling and adoption of modern
technologies at scale.

Expand Irrigation and Water Use Efficiency

Schemes like PMKSY and Atal Bhujal Yojana must be scaled up for micro-irrigation and watershed
management. Technologies like solar pumps and drip irrigation reduce water use and energy costs sustainably.

Reform Agricultural Marketing

Expanding e-NAM, Gramin Haats and deregulating APMC restrictions can ensure direct market access and better
prices. Incentivizing states to adopt Model Agricultural Acts will harmonize marketing regulations across India.

Strengthen Agri-Infrastructure and Storage

Accelerate implementation of the Agri Infra Fund to build cold chains, godowns, grading units and agri-logistics
hubs. These reduce wastage and allow farmers to store and sell produce at optimal prices.
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5. Ensure Fair and Timely MSP Procurement

Expand procurement beyond cereals to include pulses, oilseeds and perishables. Strengthen institutions like NAFED
and FCI and promote price deficiency payment schemes to bridge the gap between market price and MSP.

6. Improve Institutional Credit and Insurance

Enhance coverage and efficiency of PM Fasal Bima Yojana and KCC schemes through digital monitoring.
Encourage cooperative banks and MFIs to extend customized agri-credit and build financial literacy among
farmers.

7. Promote Climate-Smart and Organic Farming

Support natural farming (BPKP), agroforestry and bio-input subsidies. These reduce input dependence, enhance
soil health and ensure climate resilience, while linking sustainable produce with green markets and exports.

8. Invest in Agri-Tech and Extension Services

Boost investments in Al, drones, GIS and blockchain for smart farming. Create last-mile connectivity through
trained Krishi Sakhis, agri-startups and e-extension platforms to bring technology to smallholders.

India’s agriculture needs a second green revolution focused on sustainability, market linkages and technology
adoption. A holistic agri-ecosystem approach, integrating land reforms, infrastructure, innovation and climate resilience,
is essential. With inclusive policies and farmer-centric governance, agriculture can become profitable, secure and
future-ready, ensuring prosperity for Bharat and India alike.

13. Examine the transformative role of food processing sector in rural India. Highlight the key challenges it faces
and suggest roadmap for its inclusive development.

Food processing can be defined as the use of methods and techniques involving equipment, energy and tools to transform
agricultural products such as grains, meats, vegetables, fruits and milk into food ingredients or processed food products.
The market size of the food processing sector in India is estimated to reach US$ 1,274 billion in 2027 from US$ 866
billion in 2022.The growing consumption of food is expected to reach US$ 1.2 trillion by 2025-26, owing to
urbanization and changing consumption patterns. This shows its enormous potential.

Transformative Role of Food Processing Sector in Rural India
1.  Enhancing Farmers’ Income through Value Addition

By converting raw produce into processed goods, the sector helps farmers earn more per unit. Schemes like
Operation Greens promote processing of perishables such as tomatoes, onions and potatoes, supporting doubling
of farmer income goals.

2. Reducing Post-Harvest Losses

India loses 30—40% of fruits and vegetables due to inadequate storage and handling. Food processing units extend
shelf life and reduce wastage, especially in horticulture, dairy and fisheries, improving food security and economic
resilience.

3. Generating Rural Employment

The sector provides significant non-farm employment through micro-enterprises in packaging, grading, transport
and processing. According to MoFPI, the sector created 8 lakh jobs between 2015-2020, aiding rural economic
diversification.
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4.

Promoting Women Entrepreneurship

Food processing encourages self-help groups (SHGs) and women-led microenterprises, particularly in tribal and
backward districts. Initiatives under PM-FME and DAY-NRLM empower women as entrepreneurs in millet, pickle
and dairy product value chains.

Boosting Agro-Based Exports

Processed food exports like marine products, spices and ready-to-eat foods contribute significantly to foreign
exchange. The APEDA facilitates rural clusters in accessing global markets, promoting India as a soft food power.

Stimulating Rural Infrastructure Development

Processing hubs necessitate roads, cold chains, power and water, encouraging broader rural infrastructure growth.
Mega Food Parks (MFPs) act as agro-industrial growth centers, integrating farm-level production with industrial
markets.

Supporting Nutritional Security and Food Fortification

Processed foods like fortified flour, dairy blends and micronutrient powders help address rural malnutrition. The
sector supports mid-day meals and ICDS schemes, ensuring improved health outcomes for women and children.

Encouraging Sustainable and Circular Economy Models

Food waste from processing is reused in organic composting, biogas production and cattle feed, encouraging
waste-to-wealth innovation in rural communities and reducing environmental footprint.

Key Challenges Faced by the Food Processing Sector

1.

Fragmented Supply Chains and Low Scale of Operation

Small-scale farmers and processors operate in unorganized, fragmented supply chains, leading to inefficiencies and
low economies of scale. Lack of aggregation models and FPO linkages restricts scalability and formalization.

Inadequate Cold Chain and Logistics Infrastructure

Most rural areas lack refrigerated transport, cold storage and processing units, especially for perishables. This
results in quality degradation, reduced farmer returns and seasonal price fluctuations.

Low Awareness and Technical Skills

Farmers and rural entrepreneurs often lack knowledge of grading, preservation, hygiene and branding. The
absence of food safety training and certification limits their ability to enter high-value domestic and export markets.

Limited Access to Finance and Credit

High interest rates, collateral requirements and lack of credit history hinder access to institutional finance for rural
units. While schemes like PM-FME exist, awareness and reach remain limited, especially among micro-enterprises.

Complex Regulatory Compliance

Compliance with FSSAI norms, packaging standards and licensing is often bureaucratic and urban-centric. Small
rural units struggle to meet these regulations, discouraging entry into formal food markets.

Uneven Geographic Distribution of Investments

Food processing clusters are concentrated in states like Maharashtra, Punjab and Gujarat, while eastern, tribal
and hill states remain underserved. This widens the regional development divide in agro-industrial growth.

Low R&D and Innovation in Rural Areas

Rural units often lack exposure to food technology innovations, processing machinery and preservation
techniques. Weak industry-academia linkages limit product diversification and quality enhancement.
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8.  Market Access and Branding Challenges

Rural producers find it difficult to access urban retail, e-commerce platforms and export supply chains. Lack of
branding, packaging and marketing support reduces the competitiveness of rural products.

Roadmap for Inclusive Development of the Food Processing Sector
1.  Strengthen Backward Linkages via FPOs

Linking food processors with Farmer Producer Organisations (FPOs) and SHGs ensures consistent supply, quality
control and bargaining power. This model promotes collective entrepreneurship and minimizes input-output
mismatches.

2.  Expand Cold Chain Infrastructure and Food Parks

Investments under Agri Infra Fund and Mega Food Parks Scheme should be expanded to rural and tribal regions.
PPP models can accelerate the development of warehousing, packaging and refrigeration infrastructure.

3. Skill Development and Capacity Building

Upskill rural youth and women in food safety, preservation and value addition through Krishi Vigyan Kendras
(KVKS), ITIs and mobile training units. Certification and handholding will boost confidence and formal market entry.

4. Improve Access to Finance and Subsidies

Expand the reach of PM-FME, Mudra loans and interest subvention schemes. Facilitate digital onboarding of rural
processors on platforms like Udyam and GeM for easier access to government procurement and subsidies.

5. Simplify Regulatory and Licensing Processes

Develop rural-friendly FSSAI compliance models, including cluster-based certification and mobile food testing
labs. One-stop helpdesks at block level can assist micro-enterprises with documentation and registration.

6.  Promote Branding and E-Commerce for Rural Products

Create regional brands under ODOP (One District One Product) and support marketing via e-commerce platforms
like ONDC and Amazon Karigar. Packaging and storytelling can enhance visibility and consumer appeal.

7.  Encourage Research and Technology Transfer

Support CSIR, ICAR and food tech startups in adapting innovations for rural applicability. Promote solar dryers,
bio-preservation and millet processing units in remote areas to foster technology-led inclusivity.

8.  Focus on Climate-Resilient and Nutri-Centric Processing

Encourage processing of millets, pulses and underutilized crops, aligning with International Year of Millets 2023.
These enhance nutrition, sustainability and market diversification while supporting smallholder income.

To realize the inclusive potential of food processing, India must adopt a cluster-based, technology-driven and
community-centric approach. Strategic investments in infrastructure, skilling, branding and policy ease can transform
rural India into a vibrant agro-industrial landscape, ensuring equitable growth, food security and rural prosperity in
alignment with the goals of Atmanirbhar Bharat and SDG 2.

14. 1In the context of India’s net-zero emissions target by 2070, assess the role of renewable energy in achieving
energy security while reducing carbon intensity. Also highlight the challenges that it faces?

India’s commitment to achieving net-zero emissions by 2070 underscores the pivotal role of renewable energy (RE) in its
energy transition. With a focus on solar, wind, hydro and biomass, RE is central to reducing carbon intensity, enhancing
energy security and fostering sustainable economic growth.
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Renewable Energy Status in India

1.

Installed Renewable Energy Capacity

As of April 2025, India’s total installed renewable energy capacity reached 220.10 GW, comprising 107.95 GW of
solar, 51.06 GW of wind and the remainder from small hydro and biomass sources. This marks a significant stride
towards the 2030 target of 500 GW of non-fossil fuel-based energy capacity.

Solar Energy Expansion

Solar energy leads India's RE sector, with 24.5 GW added in 2024 alone. Initiatives like the PM Surya Ghar: Muft
Bijli Yojana have propelled rooftop solar installations, enhancing energy access and reducing reliance on
conventional sources.

Wind Energy Growth

Wind energy capacity stands at 51.06 GW, with significant contributions from states like Gujarat and Tamil Nadu.
The development of hybrid projects combining wind and solar is optimizing resource utilization and ensuring a more
stable power supply.

Emergence of Hybrid Projects

Hybrid renewable projects are gaining traction, exemplified by ReNew Energy's 2.8 GW solar-wind project in
Andhra Pradesh. Such projects enhance grid stability and ensure continuous power supply, addressing intermittency
issues associated with standalone RE sources.

State-Level Achievements

Gujarat has emerged as the leading state in RE capacity, boasting 35,163.06 MW, surpassing Rajasthan. The state's
diversified RE portfolio and initiatives like battery energy storage systems are setting benchmarks for others.

International Collaborations

Indian companies are expanding their RE footprint globally. For instance, Reliance Power's partnership with Bhutan
for a 500 MW solar project underscores regional cooperation in clean energy development.

Government Initiatives

The government has introduced policies like the Green Hydrogen Mission and Production Linked Incentive (PLI)
schemes to bolster domestic manufacturing and adoption of RE technologies, aiming to reduce import dependence
and foster innovation.

Investment Trends

Despite significant growth, the RE sector requires substantial investments. Estimates suggest an annual investment of
$68 billion is needed to meet the 2030 targets, highlighting the urgency for enhanced financial mobilization.

Role of Renewable Energy in Achieving Energy Security

1.

Diversification of Energy Sources

RE reduces over-reliance on fossil fuels, diversifying India's energy mix. This diversification enhances resilience
against global energy market fluctuations and supply disruptions, ensuring a more secure energy future.

Reduction in Import Dependence

By harnessing indigenous resources like solar and wind, India can curtail its dependence on imported fuels, thereby
improving its trade balance and energy sovereignty.

Decentralized Energy Access

Off-grid and mini-grid RE solutions are pivotal in electrifying remote and rural areas, promoting inclusive
development and reducing regional disparities in energy access.
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4.

Economic Growth and Job Creation

The RE sector is a significant employment generator. Projects like the Bhadla Solar Park have created thousands of
jobs, stimulating local economies and contributing to poverty alleviation.

Environmental Sustainability

Transitioning to RE mitigates environmental degradation by reducing greenhouse gas emissions, air pollution and
water usage associated with conventional power generation.

Technological Innovation

The push for RE has spurred technological advancements in energy storage, smart grids and efficient transmission
systems, fostering a culture of innovation and research.

Energy Cost Stabilization

RE sources, particularly solar and wind, have low operational costs, leading to more stable and potentially lower
energy prices in the long term, benefiting consumers and industries alike.

Alignment with Global Commitments

Accelerating RE adoption aligns with India's commitments under the Paris Agreement, enhancing its global standing
and fostering international cooperation in climate action.

Challenges Facing Renewable Energy Deployment

1.

Financial Constraints

The RE sector faces a significant investment gap. In 2024, investments stood at $13 billion, far below the required
$68 billion annually to meet 2030 targets, indicating a pressing need for enhanced financial mobilization.

Land Acquisition Hurdles

Securing land for RE projects is challenging due to fragmented ownership, regulatory bottlenecks and local
opposition, leading to project delays and increased costs.

Grid Infrastructure Limitations

The existing grid infrastructure struggles to accommodate the variable nature of RE, necessitating significant
upgrades in transmission and distribution networks to ensure reliability.

Storage and Balancing Issues

The intermittent nature of RE sources like solar and wind requires robust energy storage solutions. However, high
costs and technological limitations hinder large-scale deployment of storage systems.

Policy and Regulatory Challenges

Inconsistent policies across states, delays in approvals and lack of clear guidelines impede the swift implementation of
RE projects, deterring potential investors.

Skilled Workforce Shortage

The RE sector faces a shortage of skilled professionals, affecting the quality and efficiency of project execution and
maintenance. Training and capacity-building initiatives are essential to bridge this gap.

Supply Chain Dependencies

Dependence on imported components, particularly from countries like China, exposes the RE sector to supply chain
disruptions and geopolitical risks, underscoring the need for domestic manufacturing capabilities.

Environmental and Social Concerns

Large-scale RE projects can lead to ecological disturbances and displacement of communities if not planned
sustainably, necessitating comprehensive environmental and social impact assessments.
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To achieve its net-zero emissions target by 2070, India must address the multifaceted challenges facing its renewable
energy sector. This entails:

. Enhancing Financial Investments: Mobilizing both domestic and international capital through innovative financing
mechanisms.

. Strengthening Infrastructure: Upgrading grid systems and expanding energy storage solutions to accommodate RE
integration.

. Policy Harmonization: Streamlining policies and regulations across states to create a conducive environment for RE
development.

. Capacity Building: Investing in skill development programs to create a competent workforce for the RE sector.

. Promoting Domestic Manufacturing: Encouraging local production of RE components to reduce import
dependence.

By adopting a holistic and inclusive approach, India can harness the full potential of renewable energy, ensuring energy
security, economic growth and environmental sustainability.

15.  Despite multiple policy initiatives, air pollution remains a persistent problem in India. Identify the key
implementation gaps and suggest measures to improve air quality management.

Air pollution in India poses a serious threat to public health, climate stability and sustainable development. Despite

efforts such as the National Clean Air Programme (NCAP) and Graded Response Action Plan (GRAP), pollution

levels, especially in urban and Indo-Gangetic regions, continue to breach safe limits, indicating persistent implementation
and systemic gaps.

Air Pollution Remains a Persistent Problem
1. Multi-Sectoral and Multi-Source Problem

Air pollution stems from diverse sources—vehicular emissions, industrial pollutants, construction dust, crop
burning and household biomass burning. The multiplicity of contributors makes policy coordination and targeted
intervention complex, leading to diluted enforcement and fragmented response across sectors.

2. Seasonal Nature of Pollution Worsens Response

Pollution spikes during winter months due to inversion, stubble burning and firecracker use. This seasonal surge
diverts attention from long-term planning, resulting in reactionary short-term measures like smog towers or vehicle
bans that fail to address the root causes.

3. High Urbanization and Population Pressure

Rising urbanization has led to unplanned construction, traffic congestion and increased fossil fuel demand,
especially in megacities like Delhi and Mumbai. These demographic and developmental pressures exacerbate ambient
air quality degradation despite ongoing regulations.

4.  Weak Implementation of Existing Policies

Despite multiple laws like the Air (Prevention and Control of Pollution) Act, 1981 and CPCB guidelines,
enforcement is often weak due to inadequate manpower, poor inter-agency coordination and legal loopholes.
Penalties are rarely imposed, reducing deterrence.

5. Agricultural Practices and Stubble Burning

Post-harvest burning of paddy straw in Punjab and Haryana significantly worsens air quality in Northern India.
Despite alternatives like Happy Seeders and subsidies, the economic and logistical constraints of farmers prevent
widespread adoption of non-burning methods.
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Lack of Public Awareness and Behavioural Change

Citizens often underestimate the health risks of air pollution, leading to limited participation in voluntary mitigation
such as carpooling or using public transport. Without sustained awareness campaigns, societal cooperation in reducing
pollution remains minimal.

Underreporting and Poor Real-Time Monitoring

Air quality monitoring is limited to select urban centres, with rural and tier-2 areas poorly covered. Even existing
monitoring stations lack calibration and transparency, leading to unreliable data and inadequate evidence-based
policymaking.

Political Apathy and Electoral Insensitivity

Air pollution seldom becomes a core electoral issue, resulting in policy apathy and delayed political action.
Governments often avoid enforcing tough decisions like industrial relocation or vehicle restrictions due to fear of
public backlash.

Key Implementation Gaps of Air Pollution Policies

1.

Poor Inter-Governmental Coordination

Air quality is affected by actions across municipal, state and central agencies, yet coordination is weak. Bodies like
the Commission for Air Quality Management (CAQM) face challenges in harmonizing efforts among multiple
jurisdictions, leading to fragmented responses.

Underfunding and Resource Constraints

Schemes like the National Clean Air Programme (NCAP) suffer from insufficient funds and underutilization of
allocated budgets. As per CAG findings, utilization was below 40% in several states, crippling infrastructure,
manpower and monitoring systems.

Lack of Sector-Specific Targets

Most action plans under NCAP lack specific, enforceable emission reduction targets for industries, transport and
residential sectors. Without disaggregated goals, accountability remains diffuse and performance evaluation is
difficult across polluting sectors.

Weak Regulatory Enforcement

Polluting industries often flout emission norms due to inadequate inspections and weak penalties. Closure notices
issued by pollution control boards are rarely followed through, reflecting a compliance-over-enforcement model that
undermines rule of law.

Non-Standardised Air Quality Data

Disparities in methodologies, calibration and technology between CPCB and SPCBs result in inconsistent air quality
reporting. This data mismatch leads to confusion in public messaging and makes policy impact assessment difficult.

Urban Planning Disconnect

City development plans seldom integrate sustainable mobility, green spaces, or dust management strategies.
Construction norms are either poorly enforced or bypassed, while vehicular growth continues unchecked due to lack
of integrated transport policies.

Slow Adoption of Cleaner Technologies

Industries and power plants delay shifting to clean fuels or emission control technologies like flue gas
desulfurization (FGD). This is due to cost concerns, lenient deadlines and weak monitoring, particularly in small and
medium enterprises (SMEs).
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8.

No Polluter Pays Enforcement

Although the Polluter Pays Principle is well established in environmental jurisprudence, it is rarely enforced.
Liability recovery from industries, construction firms, or vehicle owners contributing to pollution is almost absent due
to legal and bureaucratic inertia.

Measures to Improve Air Quality Management

1.

Strengthen National Framework and CAQM Mandate

The Commission for Air Quality Management (CAQM) should be empowered with binding authority and fiscal
autonomy to coordinate action across states. A centralized digital dashboard could track state-wise performance and
ensure real-time data sharing.

Expand Monitoring and Data Transparency

India must increase its air quality monitoring network, especially in tier-2 and rural regions. Open access to real-
time, granular data, with standardization across CPCB and SPCBs, will support accurate forecasting and public
engagement.

Promote Green Urban Planning and Mobility

Urban bodies should integrate green belts, non-motorized transport infrastructure and dust mitigation into
development plans. Incentivizing metro, electric buses and last-mile connectivity can drastically reduce vehicular
emissions.

Strengthen Enforcement of Emission Norms

Pollution Control Boards must be reformed with independent staff, audit mechanisms and use of Al-driven
compliance tools. Regular surprise inspections, real-time emission tracking and strict penalty enforcement can
improve industrial compliance.

Accelerate Cleaner Fuel Adoption

Subsidize the shift to electric vehicles, green hydrogen and compressed biogas, especially for public transport and
delivery vehicles. Mandate and fast-track retrofitting of emission controls in thermal power plants and industries.

Incentivize Sustainable Agriculture Practices

Scale up programs like PUSA bio-decomposer, mechanized stubble management and crop diversification in Punjab-
Haryana belt. Provide assured procurement and financial incentives to promote no-burn agriculture and reduce
winter pollution spikes.

Launch Nationwide Behavioural Campaigns

Inspired by Swachh Bharat, a Jan Andolan for Clean Air can raise public awareness, promote behavioural change
and encourage community-led actions such as using bicycles, adopting clean cooking and planting trees in urban
areas.

Leverage Technology for Smart Regulation

Use satellite imaging, Al-enabled air modelling, drone surveillance and loT sensors for real-time pollution
tracking and hotspot mapping. Integrating these tools into state pollution control boards will enhance predictive
governance and accountability.

Air pollution management in India demands a multi-sectoral, decentralized and data-driven approach, backed by robust
regulatory enforcement, technological innovation and public participation. Transforming air quality governance into a
mission-mode, citizen-centric and climate-resilient framework will ensure that India breathes cleaner air while
sustaining economic growth and environmental justice.
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16. “Cybercrime has evolved into a major threat to national security and individual privacy in the digital age."
Examine the different types of cybercrimes prevalent in India. What are the key challenges in combating them
and suggest measures that are required to build robust and resilient cyber security framework.

In the digital era, cybercrime has emerged as a formidable threat to individual privacy, financial systems and national
security. With the proliferation of internet access, mobile banking and digital governance, India has become increasingly
vulnerable to sophisticated cyber threats targeting both the public and private spheres, demanding urgent countermeasures.

Different Types of Cybercrimes Prevalent in India
1. Phishing and Online Financial Frauds

Cybercriminals impersonate banks or service providers to extract sensitive financial information, resulting in frauds
through UPI, OTP spoofing, or fake payment links. NCRB data 2023 reported over 50,000 digital fraud cases, with
most linked to phishing scams and e-wallets.

2. Ransomware Attacks

Attackers encrypt critical data of individuals, hospitals, or government institutions and demand ransom in
cryptocurrency. The AIIMS Delhi ransomware attack in 2022, which compromised patient records and hospital
operations, highlights growing threats to critical infrastructure.

3. Cyberbullying and Online Harassment

Women, minors and activists face rising incidents of morphing, revenge porn, cyberstalking and abusive trolling.
Platforms like Instagram and WhatsApp are frequently misused, with 1 in 3 women under 35 experiencing cyber
harassment in India (UN Women, 2023).

4.  ldentity Theft and Data Breaches

Hackers steal Aadhaar numbers, PAN and biometric details to create fake identities for fraud. In 2023, a major
breach of the Indian Council of Medical Research (ICMR) exposed data of over 80 crore citizens, raising serious
privacy concerns.

5. Child Pornography and Grooming

lllegal content involving minors is circulated via dark web and social media platforms, violating laws under
POCSO and IT Act. Despite international cooperation, lack of detection tools and encryption make law enforcement
difficult.

6. Hacking and Website Defacement

Government portals and news websites have been defaced or hacked by foreign entities, especially during
geopolitical tensions. In 2020, over 200 Indian websites were targeted following the India-China Galwan Valley
clashes.

7.  Cyber Terrorism and Espionage

State-sponsored groups deploy malware and spyware to steal defence secrets, disrupt critical infrastructure, or
influence public opinion. Cases like Pegasus spyware targeting journalists and opposition leaders point to
emerging cyber warfare strategies.

8.  Fake News and Social Engineering

Manipulated content and Al-generated deepfakes are used to incite riots, polarize communities, or dupe individuals.
Platforms like YouTube, X (Twitter) and Telegram are often exploited for propaganda, financial frauds and crowd
manipulation.
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Key Challenges in Combating Cybercrime in India

1.

Lack of Cyber Forensic Infrastructure

India suffers from insufficient cyber forensic labs, outdated tools and inadequate expert manpower. Many police
stations lack capacity to trace digital footprints, compromising real-time investigation and prosecution of
cybercrimes.

Jurisdictional and Cross-Border Limitations

Cybercrimes often originate across borders, with attackers using anonymized IPs and foreign servers. International
cooperation under MLATS (Mutual Legal Assistance Treaties) is slow and cumbersome, delaying data access from
global tech giants.

Gaps in Legal and Regulatory Framework

The Information Technology Act, 2000, though amended, remains inadequate to deal with emerging threats like Al-
generated deepfakes, cryptocurrency crimes and espionage. Absence of a comprehensive data protection law
further weakens accountability.

Shortage of Skilled Cybersecurity Professionals

India needs over 1 million cybersecurity experts, yet the talent pool is limited due to lack of formal education and
skilling programs. Government and private sector both face challenges in recruiting competent cybersecurity
personnel.

Underreporting and Low Awareness

Victims often fail to report cybercrimes due to social stigma, fear of legal procedures, or lack of digital literacy.
This limits law enforcement response and encourages repeat offenders who exploit the system's inaction.

Encryption and Anonymity Tools

End-to-end encryption on platforms like WhatsApp and Signal, though ensuring user privacy, also aids criminals in
evading surveillance. Dark web activity remains largely inaccessible to Indian enforcement agencies due to limited
tech capabilities.

Slow Judicial Response

Cybercrime cases often linger in courts due to lack of technical expertise, digital evidence validation challenges
and procedural delays. Victims rarely receive timely justice, which weakens public trust in legal redressal
mechanisms.

Fragmented Institutional Framework

Multiple bodies like CERT-In, NCHPC, NTRO and state cyber cells operate with overlapping roles and poor
coordination. This leads to duplicated efforts, unclear responsibilities and ineffective threat containment during
national-level cyber incidents.

Measures to Build a Robust and Resilient Cybersecurity Framework

1.

Enact Comprehensive Cybersecurity and Data Protection Laws

A dedicated Cybersecurity Law and swift implementation of the Digital Personal Data Protection Act, 2023, must
be prioritized to regulate platforms, assign accountability and ensure secure handling of citizens' digital identities.

Strengthen National Cyber Infrastructure

Enhance the capacity of CERT-In, Indian Cyber Crime Coordination Centre (14C) and establish regional
forensic labs. Investing in Al-powered threat detection and blockchain-based verification systems will
modernize threat response capabilities.
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3. Boost Capacity Building and Public Awareness

Launch national campaigns like ""Cyber Surakshit Bharat", integrating cyber hygiene modules in school curricula.
Train police and judiciary through platforms like CyTrain (CBI) and promote cyber insurance awareness for
financial recovery.

4.  Create a Unified Cyber Command

Establish a National Cyber Security Agency (NCSA) for real-time coordination between defence, intelligence and
civilian institutions. This agency should lead cyber war strategy, digital diplomacy and national incident response
frameworks.

5. Foster International Cooperation

India must actively engage with Interpol, UNODC and global tech firms for cross-border data sharing, capacity
building and cyber law harmonization. Signing bilateral cyber treaties with nations like the US, Japan and EU will
aid real-time collaboration.

6. Regulate Social Media and OTT Platforms

Mandate compliance with Indian cybersecurity norms for platforms like Meta, Google and Telegram. Use
algorithms to detect and take down hate speech, deepfakes and harmful content, while ensuring transparency and
accountability in takedown processes.

7. Promote Indigenous Cybersecurity Solutions

Support Make in India cybersecurity products, from secure routers to encryption software, via PLI schemes and
Startup India. Encourage R&D through academic-industry collaborations in institutions like I1Ts and I1ITs.

8. Ensure Fast-Track Judicial Mechanisms

Set up special cybercrime courts with trained digital forensic experts and IT-savvy judges. Fast-tracking cases
involving financial frauds and identity theft will deter offenders and enhance citizens’ trust in legal remedies.

Cybercrime is no longer a fringe threat rather it is a core national security and human rights concern in the digital age.
India must adopt a holistic, rights-based and technology-driven cyber strategy, combining legal reforms, institutional
synergy, international collaboration and citizen empowerment to build a resilient and secure digital ecosystem for its
billion-plus users.

17.  "Indigenisation of the defence sector is essential for national security." Critically examine the steps taken by
the Government of India to promote indigenisation in defence manufacturing. How can India further
accelerate its journey towards self-reliance in defence?

Indigenisation in defence refers to developing and manufacturing military systems, platforms and equipment within

the country, minimizing dependence on foreign suppliers. It is crucial for achieving strategic autonomy, enhancing

combat preparedness and ensuring secure supply chains during geopolitical crises, especially amid evolving global
threats and import disruptions.

Indigenisation of the Defence Sector is Essential for National Security
1. Reduces Strategic Dependence on Foreign Powers

Heavy reliance on arms imports exposes India to supply disruptions, sanctions and shifting diplomatic equations.
Indigenisation ensures operational sovereignty, allowing uninterrupted access to critical defence systems during
wartime or diplomatic conflicts.

2. Boosts Technological Sovereignty and Innovation

Domestic R&D strengthens innovation ecosystems in defence technologies like drones, missiles, electronic warfare
and cyber defence. It enables long-term investment in dual-use technologies, reducing the tech gap with developed
nations.
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3.

Ensures Faster Upgradation and Customization

Locally manufactured platforms can be quickly modified to suit Indian terrain and threat scenarios. This enhances
response time and tactical flexibility, unlike foreign systems that often require lengthy upgrade negotiations and
delays.

Strengthens Economic and Industrial Base

The defence sector can create a multiplier effect by stimulating manufacturing, MSMEs and skill development.
According to SIPRI, India was the world’s largest arms importer between 2016-2020, signalling a major drain on
foreign reserves.

Facilitates Wartime Sustainment and Logistics

Indigenously produced components allow faster replenishment and maintenance during conflict situations. Without
control over supply chains and spares, India’s long-term combat readiness remains vulnerable during high-intensity
engagements.

Enhances Internal Security Preparedness

Homegrown technologies are vital for border surveillance, counter-terror operations and intelligence collection.
From UAVs to night vision systems, indigenisation supports both internal and external defence frameworks.

Geopolitical Leverage and Defence Diplomacy

Defence exports enhance India's soft power and strategic partnerships. Indigenous systems like BrahMos, Tejas
and Akash missiles are now part of India’s diplomatic and security cooperation initiatives with countries like the
Philippines and Armenia.

Reduces Technological Denial Risks

Foreign suppliers often refuse technology transfer or impose restrictions, limiting India's capacity-building.
Indigenisation breaks such dependence, enabling the country to control the entire lifecycle of its military assets.

Steps Taken by the Government of India to Promote Indigenisation in Defence Manufacturing

1.

Defence Acquisition Procedure (DAP) 2020

The DAP prioritizes Buy (Indian-IDDM) category and Make in India provisions in procurement. It emphasizes
import substitution, indigenised content and collaboration with private industry and startups, streamlining
indigenous procurement norms.

Positive Indigenisation Lists

Four positive indigenisation lists comprising over 500 items (e.g., light tanks, communication systems) were released,
banning their import and mandating procurement from domestic vendors. This provides market assurance and
boosts local industry confidence.

Creation of Defence Industrial Corridors (DICs)

DICs in Uttar Pradesh and Tamil Nadu aim to create clusters of defence MSMEs, testing labs and R&D hubs.
These corridors incentivize private players with tax breaks, infrastructure support and policy ease.

Launch of Innovations for Defence Excellence (iDEX)

iDEX fosters innovation by startups, MSMEs and academia through funding, mentorship and incubation. Over 250
projects have been approved under iDEX to develop Al, robotics, UAVs and cybersecurity solutions.

Increased FDI and Private Sector Participation

The FDI cap in defence production was raised to 74% through automatic route and 100% via government
approval. This aims to attract foreign capital and joint ventures for indigenous capability building.
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Strengthening of DRDO Ecosystem

DRDO is collaborating with private industry through Technology Development Fund (TDF) and ToT agreements,
enhancing R&D commercialization. Indigenous projects like Tejas, Arjun MBT and Astra missile show progress in
key defence tech.

Defence Export Promotion

India’s defence exports grew from ¥1,500 crore in 2016-17 to 16,000 crore in 2022-23. Platforms like Akash
missile systems, Dornier aircraft and coastal surveillance radars are now exported to friendly countries under Gol
support.

Support for MSMEs and Testing Infrastructure

The government offers offset benefits, credit support and shared testing facilities to MSMEs. Shared facilities like
Defence Testing Infrastructure Scheme (DTIS) reduce entry barriers for smaller players in defence manufacturing.

India Further Accelerate its Journey Towards Self-Reliance in Defence

1.

Promote Defence Startups and Dual-Use Technologies

Encourage R&D in dual-use technologies like quantum computing, autonomous systems and space defence.
Incentivize defence-focused startups through long-term funding, defence hackathons and fast-track
procurement mechanisms.

Establish Indigenous Supply Chain Ecosystems

Develop full-spectrum defence supply chains, from semiconductors to composites, within India. Focus on creating
tier-1 and tier-2 vendor ecosystems that supply components for large platforms and reduce import dependence.

Streamline Defence Procurement Process

Delays in procurement due to bureaucratic red tape should be minimized through digitization, real-time tracking
and empowered defence acquisition boards. Procurement timelines must match operational needs of armed forces.

Enhance DRDO and Industry Collaboration

Move DRDO towards a mission-mode model, partnering with industry for co-development and co-production.
Implement performance-based incentives and ensure that R&D moves from labs to battlefield rapidly.

Revise Offsets and Encourage Exports

Ensure strict compliance with offset obligations by foreign OEMs and channel offsets into high-tech areas. Offer
incentives and trade facilitation to Indian exporters to penetrate new defence markets in Africa, ASEAN and Latin
America.

Integrate Defence with Skill India Mission

Promote defence-specific skilling in institutions like 1Tls, Polytechnics and Engineering Colleges through Defence
Sector Skill Council (DSSC). Bridge the human capital gap in areas like composite materials, avionics and Al
systems.

Establish Sovereign Defence Technology Fund

Create a sovereign fund to support high-risk, long-gestation defence R&D projects, similar to DARPA in the US.
This fund can nurture disruptive innovations and accelerate breakthroughs in futuristic warfare technologies.

Embed Cyber and Space Security in Defence Planning

Future conflicts will be multi-domain. India must invest in space-based ISR systems, cyberwarfare capabilities
and integrate them into military doctrines to ensure next-gen indigenous security capabilities.

India’s defence indigenisation journey is progressing steadily, but to emerge as a true Strategic and military power, the
country must build a robust, agile and innovation-driven defence ecosystem. By integrating public-private
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partnerships, R&D investment, skilled workforce and export orientation, India can achieve Atmanirbharta in
defence, ensuring national security and global leadership thereby fulfilling the vision of Vishwaguru.

18. Discuss the role of India’s Semiconductor Mission in achieving technological sovereignty. What challenges does
India need to address?

Semiconductors are the foundation of modern digital infrastructure, powering devices from smartphones to defence
systems. Recognizing its strategic importance, India launched the Semicon India Mission (2021) to develop a domestic
chip ecosystem and reduce dependence on global supply chains, thereby enhancing technological sovereignty and
national security.

Role of India’s Semiconductor Mission in Achieving Technological Sovereignty
1.  Reducing Strategic Import Dependence

India imports nearly 100% of its semiconductor requirements, making it vulnerable to geopolitical disruptions.
The mission aims to build domestic design, fabrication and packaging capacity, reducing reliance on countries like
Taiwan, South Korea and China.

2. Strengthening National Security and Critical Infrastructure

Semiconductors are embedded in missile systems, Al tools and telecom equipment. Indigenous chip production
ensures secure supply chains, preventing backdoor surveillance and cyber threats to India’s critical and defence
technologies.

3. Boosting Electronics Manufacturing and Digital Economy

With schemes like PLI for IT hardware and display fabs, the mission supports India’s ambition to become a global
electronics manufacturing hub, accelerating GDP growth, job creation and export potential in sectors like EVSs,
5G and robotics.

4.  Attracting Global Tech Investment

Semicon India offers financial incentives of 76,000 crore for fabs and design units. This has attracted firms like
Micron Technology, which is setting up an OSAT plant in Gujarat, fostering India’s position in the global chip
supply chain.

5. Fostering Indigenous R&D and Innovation

The mission supports academic and R&D institutions through Chips-to-Startup (C2S) program. By linking research
with industry, India can build a design-led chip ecosystem, nurturing innovation in automotive, 10T and telecom
sectors.

6.  Job Creation and Skilled Workforce Development

The mission targets the creation of over 85,000 high-skilled jobs, training professionals in chip design, fabrication
and embedded systems. It aligns with the Skill India mission to boost technical capacity for a knowledge-driven
economy.

7. Strategic Partnerships and Technology Transfer

Through tie-ups with global giants like TSMC, Tower Semiconductor and IME (Singapore), India is accessing
advanced manufacturing know-how, paving the way for long-term capacity building and design autonomy.

8. Enhancing India’s Role in Global Supply Chains

By developing a resilient semiconductor ecosystem, India can become a trusted alternative in global supply
chains. It supports India's vision of becoming part of the “Chip 4” alliance with US, Japan and South Korea in
geopolitically sensitive sectors.
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Challenges India Needs to Address

1.

Capital Intensive Nature and Long Gestation Period

Setting up a semiconductor fab requires $5-10 billion and a timeline of 5-7 years. India needs sustained financial
commitment, policy continuity and stable demand incentives to attract long-term investment from global players.

Lack of Indigenous Fabrication Capability

India lacks experience in advanced node fabrication (<10 nm). The absence of local equipment suppliers, trained
technicians and foundry-level expertise impedes backward integration and technological self-sufficiency.

Dependence on Global Supply Chain for Inputs

Key inputs like etching gases, photoresists, wafers and lithography machines are imported, mostly from East Asia.
This makes the ecosystem vulnerable to supply chain shocks, price fluctuations and geopolitical tensions.

Shortage of Skilled Workforce

India faces a talent gap in semiconductor design, VLSI and fabrication process control. With fewer specialized
training programs and industry-academia linkages, manpower development remains a bottleneck for scaling the
ecosystem.

Technological Obsolescence Risk

Technology in the semiconductor sector evolves rapidly. India risks investing in outdated nodes unless it aligns its
industrial strategy with global trends in Al chips, 3D packaging and sub-5nm foundry capacity.

Infrastructure and Utility Constraints

Fabs need uninterrupted power, water and ultra-cleanroom environments. Issues like land acquisition, water
availability and power outages in many industrial zones make India less competitive compared to Taiwan or South
Korea.

Weak Domestic Market Demand Aggregation

India lacks an organized mechanism to aggregate domestic chip demand from automobile, telecom, defence and
consumer electronics sectors, making it hard to justify long-term investments in fabs without assured offtake.

Global Competition and Trade Barriers

Countries like the US, China and EU have announced massive semiconductor subsidies. India faces stiff competition
in attracting investments and export control regimes like Wassenaar Arrangement limit access to cutting-edge
tech.

Way Forward

1.

Adopt a Design-Led Fabless Strategy

India should focus on becoming a design and packaging powerhouse, leveraging its existing strength in chip design
and embedded software, while gradually building fab capacity in mature and specialty nodes.

Create a Dedicated Semiconductor Skill Mission

Launch a national semiconductor skilling initiative involving I1Ts, 11ITs and industry partners to train youth in
EDA tools, cleanroom protocols and VVLSI design, supported by real-time apprenticeship programs.

Establish Reliable Input Ecosystems

Develop clusters for chemicals, gases and specialty materials essential for chip-making. Encourage joint ventures
and import substitution of critical inputs under PLI-like schemes for ancillary industries.
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4.  Fast-Track Infrastructure Support

Provide plug-and-play industrial zones with guaranteed power, water and effluent treatment near upcoming fabs.
Gujarat and Tamil Nadu can be semiconductor anchor states with pre-cleared land and tax incentives.

5. Enable Strategic Global Tie-Ups

India must strengthen technology-sharing agreements and semiconductor alliances with trusted nations under the
Quad and IPEF frameworks, ensuring access to cutting-edge equipment and resilient trade corridors.

6.  Offer Demand Aggregation and Procurement Guarantees

Government should assure long-term chip procurement from Indian fabs for BharatNet, defence, railways and
digital public infrastructure, incentivizing firms with assured volumes and price stability.

7. Strengthen R&D and Innovation Ecosystem

Increase investment in Semiconductor Research Universities, Al-integrated chip design and NextGen memory
devices. Promote industry-academia research clusters under Chips-to-Startup and IMPRINT India schemes.

8.  Ensure Regulatory Stability and Governance Clarity

Provide a single-window clearance system, long-term tax holidays and predictable IP frameworks. A National
Semiconductor Authority must be created for monitoring implementation, resolving bottlenecks and aligning
national and state strategies.

India’s Semiconductor Mission is pivotal in realizing digital sovereignty, strategic autonomy and economic resilience in
an interconnected world. With focused investment in infrastructure, skilling, R&D and global partnerships, India can
transform into a trusted global semiconductor hub and secure its future as a technology-driven Viksit Bharat.

19.  What were the major decisions taken at COP-29 of UNFCCC? Discuss their potential impact on global climate
action. Also, analyse India’s position in the recent summit.

29th Conference of the Parties (COP-29) to the UNFCCC was held in Baku, Azerbaijan, from November 11-22, 2024, was

pivotal in shaping the future of global climate finance. Dubbed the “Finance COP,” it aimed to redefine financial

commitments to support developing nations in their climate action endeavours, amidst growing concerns over climate-
induced challenges worldwide.

Major Decisions Taken at COP-29 of UNFCCC
1. Establishment of a New Climate Finance Goal

COP-29 concluded with an agreement to triple climate finance for developing countries, setting a new target of $300
billion annually by 2035. This replaces the previous $100 billion goal, acknowledging the escalating costs of climate
adaptation and mitigation for vulnerable nations.

2. Launch of the Baku to Belém Roadmap

The conference introduced the “Baku to Belém Roadmap,” aiming to mobilize $1.3 trillion annually by 2035 from
diverse sources, including public, private and philanthropic sectors. This roadmap outlines a strategic pathway to scale
up climate finance in the coming decade.

3. Operationalization of the Loss and Damage Fund

Building on decisions from COP-27, COP-29 operationalized the Loss and Damage Fund to assist countries facing
irreversible climate impacts. The fund is designed to provide financial support for recovery and rebuilding efforts in
the aftermath of climate-induced disasters.

4, Advancements in Carbon Market Mechanisms

Parties reached consensus on rules governing international carbon markets under Article 6 of the Paris Agreement.
This includes the establishment of a UN registry to facilitate and record international trading of carbon credits,
enhancing transparency and integrity in carbon markets.
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5.

Commitment to Enhanced Transparency

The conference emphasized the importance of the Enhanced Transparency Framework (ETF), requiring all parties to
submit Biennial Transparency Reports (BTRs). This move aims to ensure accountability and track progress towards
national climate goals.

Focus on Adaptation Strategies

COP-29 highlighted the need for robust adaptation strategies, encouraging countries to develop and implement
National Adaptation Plans (NAPs). It also called for increased financial support for adaptation efforts, particularly in
Least Developed Countries (LDCs) and Small Island Developing States (SIDS).

Gender and Climate Change Initiatives

Recognizing the intersection of gender and climate change, the conference extended the Lima Work Programme on
Gender and initiated the development of a new Gender Action Plan to be adopted at COP-30, promoting gender-
responsive climate policies.

Integration of Digitalization in Climate Action

COP-29 introduced the Declaration on Green Digital Action, aiming to leverage digital technologies to enhance
climate action. This includes promoting energy-efficient digital infrastructure and utilizing digital tools for climate
monitoring and data collection.

Potential Impact on Global Climate Action

1.

Enhanced Support for Developing Nations

The increased climate finance target is expected to bolster the capacity of developing countries to implement climate
mitigation and adaptation projects, addressing the disproportionate impacts they face due to climate change.

Acceleration of Clean Energy Transition

The mobilization of $1.3 trillion annually could significantly accelerate the global transition to clean energy,
facilitating investments in renewable energy infrastructure and technologies across various regions.

Strengthening of Climate Resilience

Operationalizing the Loss and Damage Fund provides a safety net for countries experiencing severe climate impacts,
enabling quicker recovery and enhancing overall resilience to future climate events.

Promotion of Market-Based Solutions

The establishment of clear rules for carbon markets under Article 6 encourages market-based approaches to emission
reductions, potentially leading to more cost-effective and scalable climate solutions.

Improved Transparency and Accountability

The emphasis on the Enhanced Transparency Framework ensures that countries are held accountable for their climate
commitments, fostering trust and encouraging more ambitious climate actions.

Inclusive Climate Policies

Initiatives focusing on gender and digitalization promote inclusive climate policies, ensuring that diverse perspectives
are integrated into climate action and that technological advancements are harnessed effectively.

Catalyzing Private Sector Engagement

The roadmap to mobilize substantial climate finance underscores the critical role of the private sector, potentially
leading to increased private investments in sustainable projects and innovations.

Setting Precedents for Future COPs

The decisions made at COP-29 set important precedents for future climate negotiations, particularly in terms of
financial commitments and the integration of cross-cutting issues like gender and technology in climate discourse.
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India’s Position in the Recent Summit
1.  Advocacy for Equity and Common but Differentiated Responsibilities

India emphasized the principles of equity and Common but Differentiated Responsibilities and Respective
Capabilities (CBDR-RC), advocating for fair treatment of developing countries in climate finance and action.

2. Critique of the Climate Finance Deal

India expressed concerns over the adequacy and structure of the new climate finance goal, highlighting the need for
more concrete commitments from developed nations and cautioning against over-reliance on private finance.

3. Support for Operationalizing the Loss and Damage Fund

India welcomed the operationalization of the Loss and Damage Fund, recognizing its importance in addressing the
irreversible impacts of climate change on vulnerable communities.

4.  Call for Technology Transfer and Capacity Building

India stressed the necessity of technology transfer and capacity-building support to enable developing countries to
meet their climate goals effectively, urging developed nations to fulfill their commitments in this regard.

5. Emphasis on Sustainable Development

India highlighted the importance of aligning climate action with sustainable development goals, ensuring that climate
policies also address issues like poverty eradication and economic growth.

6. Promotion of Renewable Energy Initiatives

India showcased its renewable energy initiatives, including the International Solar Alliance, as examples of proactive
steps taken towards a sustainable energy future.

7. Advocacy for Climate Justice

India reiterated the concept of climate justice, emphasizing that climate actions should not compromise the
developmental aspirations of developing nations.

8.  Engagement in Multilateral Climate Efforts

Despite expressing reservations on certain aspects, India remained engaged in multilateral climate efforts, contributing
constructively to the negotiations and outcomes of COP-29.

COP-29 marked a significant step in global climate negotiations, particularly in redefining climate finance commitments.
While the decisions made have the potential to enhance global climate action, their effectiveness will depend on timely and
equitable implementation. For India, the summit reinforced its commitment to sustainable development and equitable
climate action, highlighting the need for continued collaboration and support in the global fight against climate change.

20. How can Al-based solutions improve public service delivery in India? Also highlight the concerns surrounding
the deployment of Al in governance and suggest possible solutions.

Artificial Intelligence (Al)is an emerging technology that enables computers and machines to simulate human
intelligence and problem-solving capabilities. It involves the development of algorithms and models that enable
computers to perform tasks that would typically require human intelligence, such as learning, reasoning, problem-
solving, perception and decision-making.Artificial Intelligence (Al) holds transformative potential in improving
transparency, efficiency and responsiveness in public service delivery.

Al-Based Solutions Can Improve Public Service Delivery in India
1.  Automated Grievance Redressal Systems

Al-powered chatbots and Natural Language Processing (NLP) tools enable 24x7 public grievance registration, auto-
routing to departments and sentiment analysis. Platforms like CPGRAMS 2.0 are integrating Al to reduce response
time and improve citizen satisfaction.
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Predictive Governance and Policy Making

Al can analyze large datasets to forecast outcomes in areas like crime trends, disease outbreaks, or crop failures.
For instance, Al-based forecasting in Fasal Bima Yojana improves claim settlement and reduces fraud.

Enhancing Healthcare Delivery

Tools like eSanjeevani and iBreastExam use Al for early detection and teleconsultation in rural areas. Al algorithms
also assist in diagnosing tuberculosis, diabetic retinopathy and optimizing medicine supply chains under
Ayushman Bharat.

Improving Welfare Targeting and Leakages

Machine learning models can identify ghost beneficiaries, duplicates and irregularities in DBT schemes like PM-
KISAN and LPG subsidy, ensuring leakage-free, targeted delivery and fiscal efficiency.

Optimizing Urban Services and Infrastructure

In smart cities, Al is used for traffic management, pollution control, energy efficiency and predictive maintenance
of civic infrastructure. Cities like Bengaluru and Pune have deployed Al-driven CCTV systems for real-time crowd
and vehicle monitoring.

Strengthening Judicial and Legal Processes

Al tools like SUPACE (Supreme Court Portal for Assistance in Court Efficiency) help judges with legal research,
reducing backlog and enabling faster case analysis. It supports e-Courts Mission Mode Project for digital justice
delivery.

Agricultural Extension and Forecasting

Al-driven platforms like Kisan e-Mitra and IBM Watson Decision Platform assist in crop advisory, pest control
and rainfall prediction, improving farm productivity and resilience, especially in drought-prone districts.

Enhancing Education and Skilling Platforms

Al-enabled tools in platforms like DIKSHA and SWAYAM offer personalized learning pathways, multilingual
content and adaptive assessments, enhancing inclusivity and bridging learning gaps, especially in underserved
regions.

Concerns Surrounding the Deployment of Al in Governance

1.

Lack of Data Protection and Privacy Safeguards

The absence of a comprehensive data protection law makes personal data vulnerable to misuse. Al systems in
governance often collect sensitive citizen data, raising concerns about surveillance, consent and privacy violations.

Algorithmic Bias and Discrimination

Al models may reflect biases in training data, leading to discriminatory decisions in welfare eligibility, policing, or
hiring. This undermines social justice and can reinforce existing inequalities among marginalized communities.

Opacity and Lack of Accountability

b

Al systems often operate as “black boxes,” making it difficult to understand how decisions are made. Without
explainable Al frameworks, there’s limited accountability in administrative decisions affecting citizens' rights.

Digital Divide and Exclusion

Al governance systems assume digital literacy and access, which many rural or elderly citizens lack. This risks
excluding vulnerable groups from services or redressal, defeating the objective of inclusive governance.

Over-Reliance on Automation

Excessive dependence on Al can lead to dehumanization of governance, where empathy and context are
overlooked. For instance, automated welfare denials may ignore genuine hardship cases due to rigid rules.
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Cybersecurity and Data Breach Risks

Government Al systems are frequent targets of cyberattacks and ransomware, risking data theft and service
disruption. Weak cybersecurity measures in departments pose a threat to national security and citizen data integrity.

Lack of Regulatory Framework and Ethical Guidelines

India lacks binding laws on Al ethics, accountability and deployment protocols. Inconsistent standards across
departments hinder safe and fair use of Al in public administration.

Skilling Gap in Public Institutions

There is a shortage of Al-literate bureaucrats, data scientists and engineers in government. Without capacity
building, Al tools remain underutilized, or poorly implemented, limiting their real-world effectiveness.

Solutions for Robust and Inclusive Al Governance Framework

1.

Enactment of a Comprehensive Al and Data Protection Law

Implement the Digital Personal Data Protection Act, 2023 and draft specific Al regulatory laws covering consent,
transparency, accountability and redressal mechanisms for Al-driven decisions in governance.

Develop Ethical Al Guidelines for Public Use

Adopt clear national frameworks like NITI Aayog’s Responsible Al for All, mandating fairness, explainability and
bias audits. Encourage human-in-the-loop systems where officials retain oversight over critical Al decisions.

Bridge the Digital Divide through Infrastructure and Literacy

Expand BharatNet, Common Service Centres and digital literacy campaigns in rural areas. Ensure Al-based
services are accessible in vernacular languages and through voice and offline modes for inclusivity.

Institutionalize Al Governance Capacity

Create Al cells in every major ministry and state departments, staffed with trained data professionals. Collaborate
with 1ITs, I11Ts and NIC for model development, policy evaluation and staff training.

Adopt Explainable and Transparent Al Systems

Mandate use of open-source, auditable Al algorithms for public governance. Create a national Al audit body to
review all public-facing Al systems for fairness, accuracy and privacy compliance.

Ensure Participatory and Inclusive Design

Engage civil society, technologists and communities in co-designing Al systems to ensure they reflect on-the-
ground realities and social needs, especially for marginalized or tribal populations.

Strengthen Cybersecurity Frameworks

Invest in Al-specific cybersecurity protocols, regular penetration testing and incident response teams. Promote the
use of zero-trust architecture and secure cloud storage for all Al-linked citizen data.

Foster International Collaboration and Al Diplomacy

Partner with global bodies like OECD, WEF and G20 Al Working Groups to harmonize India’s standards with
global best practices and build cross-border safeguards and redressal mechanisms.

Al offers a powerful toolkit to revolutionize governance and public service delivery in India, but its deployment must be
ethical, transparent and inclusive. By combining technological innovation with legal safeguards, institutional capacity
and citizen trust, India can lead the world in building a democratic and accountable Al governance model for the Global
South.

NEXT IAS Wwww.nextias.com




