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2. Critical Infrastructure — Science & Technology

India’s critical infrastructure is increasingly dependent on digital technologies which have improved

operational efficiency but simultaneously increased vulnerabilities to cyberattacks and remote

disruptions.

1.

The convergence of Information Technology, Operational Technology, and Internet of Things has
created complex interconnected systems offering unprecedented attack surfaces for malicious
actors.

Protecting critical national infrastructure from cyber threats has emerged as a paramount national

security concern requiring comprehensive policy responses and technological investments.

l.Understanding Critical National Infrastructure

Definition and Scope

1.

Critical National Infrastructure refers to assets, systems, networks, and services whose disruption or
destruction can severely impact national security, economic stability, public safety, and governance
mechanisms.

CNI encompasses both physical assets and digital systems that form the backbone of modern

economies and societies.

Essential Components of Critical Infrastructure

1.

8.

Power generation and electricity transmission systems form the foundation of modern economies,
supporting all other critical sectors.

Oil refineries, fuel pipelines, and LPG distribution networks ensure energy availability for industrial,
agricultural, and household consumption.

Railway networks, airports, and ports facilitate transportation of goods and passengers essential for
commerce and connectivity.

Banking and payment systems enable financial transactions and economic activity across the
nation.

Telecommunications and internet infrastructure provide communication networks supporting
commerce, governance, and emergency services.

Water supply and sanitation systems ensure public health and hygiene across urban and rural
areas.

Healthcare institutions and emergency services provide critical medical care and disaster response
capabilities.

Defence installations and strategic assets maintain national security and territorial integrity.

2.Importance of Critical Infrastructure Security

National Security Implications

1.

2.

Disruption of power grids, communication systems, or fuel supply can substantially weaken defence
preparedness and compromise internal security operations.
Cyberattacks on military infrastructure can undermine command and control systems, potentially

creating strategic vulnerabilities during conflicts.
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3.

Espionage activities targeting defence-related infrastructure can compromise sensitive military
information and operational capabilities.

Economic Stability Concerns

1.

Critical infrastructure supports industrial production, logistics networks, banking operations, and
international trade essential for economic growth.

Infrastructure disruptions can cascade across economic sectors, affecting supply chains, halting
production, and causing substantial financial losses.

Persistent infrastructure vulnerabilities reduce investor confidence in economic stability and may
deter foreign direct investment.

Public Safety and Governance

1.

Breakdown of healthcare systems can directly threaten citizens' lives by preventing access to
emergency medical care and essential medications.

Transport system failures disrupt movement of people and goods, affecting commerce,
employment, and access to services.

Water supply disruptions create public health crises and humanitarian emergencies affecting
millions of citizens.

Governance systems depend on functioning communication networks and IT infrastructure for
administrative operations and service delivery.

Strategic Sovereignty

1.

Reliance on untrusted foreign technologies exposes India to strategic vulnerabilities during
geopolitical conflicts or international disputes.

Technology dependence creates leverage points for adversarial nations to threaten national
interests through supply chain manipulation.

Critical infrastructure compromises can be weaponized as coercive diplomatic tools affecting

national autonomy.

3.Digital Transformation of Critical Infrastructure

Automation and loT Integration

1.

Industrial systems increasingly use automation and remote monitoring technologies to enhance
operational efficiency and reduce manual labour requirements.

loT-enabled sensors collect real-time information regarding pressure, temperature, fuel levels, traffic
movement, and industrial operations with unprecedented granularity.

Artificial Intelligence and predictive analytics analyse collected data to improve maintenance
schedules, optimize resource allocation, and enable preventive measures.

Real-time monitoring enables faster detection of anomalies and system failures, reducing downtime

and operational losses.

SCADA Systems Integration

1.

Earlier industrial systems operated through isolated SCADA systems designed without internet
connectivity, providing inherent security through physical isolation.

Modern SCADA systems are increasingly connected to internet-based platforms for centralized
control and predictive maintenance, eliminating the security benefits of isolation.

Remote monitoring capabilities enhance operational efficiency but create new attack vectors for

cybercriminals targeting industrial control systems.
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IT-OT-loT Convergence

1.

Information Technology systems manage data processing, software applications, communication
networks, and digital services supporting modern economies.

Operational Technology systems control physical processes including machinery, industrial plants,
transportation systems, and power generation infrastructure.

Internet of Things connects physical devices and sensors to digital systems, enabling real-time data
collection and remote operation of infrastructure.

This three-way convergence creates complex interdependencies where IT vulnerabilities directly
affect operational safety and physical infrastructure.

4.Security Concerns and Vulnerabilities

Expanded Cyberattack Surface

1.

The increasing use of internet-connected devices has dramatically expanded opportunities for
cyberattacks on critical infrastructure systems.

Vulnerabilities in sensors, controllers, communication systems, and software interfaces can provide
attackers access to critical infrastructure networks.

The shift from isolated systems to connected networks eliminates the protection provided by
physical isolation and air-gapping.

Imported Device Risks

1.

Many loT devices used in critical infrastructure are imported from foreign manufacturers whose
security practices may be questionable.

Imported devices may contain hidden vulnerabilities deliberately or accidentally embedded during
manufacturing and testing processes.

Unauthorized data-sharing mechanisms may allow device manufacturers to access sensitive
operational information without authorization or knowledge.

Malicious software or embedded backdoors in firmware can enable remote access and control of

critical infrastructure systems.

Procurement and Certification Gaps

1.

Government departments and public sector undertakings often rely on template-based compliance
checks during procurement, insufficient for cybersecurity threats.

Tender conditions do not always insist on trusted indigenous technologies or detailed security audits
before deployment.

Security certification mechanisms are not uniformly enforced for many IoT devices used in critical

infrastructure, creating inconsistent protection levels.

Global Incidents and Lessons

1.

The Colonial Pipeline ransomware attack in the United States disrupted fuel supplies and
demonstrated how cyberattacks create large-scale economic disruption.

Cyber intrusions targeting Automatic Tank Gauge systems at gas stations exposed vulnerabilities in
fuel monitoring infrastructure across multiple US states.

5.India’s Critical Infrastructure Protection Ecosystem
CERT-In

1.

The Indian Computer Emergency Response Team functions as the national nodal agency for
responding to cyber-security incidents and threats.

2. CERT-In issues alerts, advisories, and security guidelines helping organizations identify and mitigate

emerging cyber threats.
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NCIIPC

1. The National Critical Information Infrastructure Protection Centre is responsible for protecting critical
information infrastructure in energy, banking, telecom, and transport sectors.

Cyber Swachhta Kendra

1. This botnet cleaning and malware analysis centre monitors networks and helps citizens and
organizations safely remediate compromised devices.

STQC

1. The Standardisation Testing and Quality Certification conducts security testing and certification for
electronic and digital devices used in critical infrastructure.

2. It hasrecently strengthened testing mechanisms for surveillance cameras and related equipment
protecting sensitive locations.

CISF

1. The Central Industrial Security Force provides physical security to critical infrastructure installations
including airports, seaports, nuclear facilities, metro networks, power plants, and space

establishments.

6.Way Forward

1. Establish Mandatory Security Certification - India should establish rigorous and mandatory
certification mechanisms for all loT devices used in critical infrastructure, enforcing compliance
through government procurement policies.

2. Promote Indigenous Technology Development - Government procurement should prioritize secure
indigenous technologies under Atmanirbhar Bharat initiatives, reducing dependence on foreign
manufacturers.

3. Implement Continuous Monitoring - Critical infrastructure systems should undergo regular
vulnerability assessments, penetration testing, and real-time monitoring to detect and respond to
threats promptly.

Source - https -//www.thehindu.com/sci-tech/technology/how-safe-is-indias-critical-national-

infrastructure/article71026609.ece
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