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Abstract: This study explores the operational and technological safety and security of European Critical 

Infrastructure (ECI) amid escalating energy crises. With the rise of Industry 4.0 and digital technologies—

such as IoT, AI, and 5G—CI systems have become increasingly interconnected and vulnerable to cyber 

threats, natural disasters, and geopolitical tensions. The paper highlights the importance of Critical 

Infrastructure Protection (CIP) through multidisciplinary approaches, risk management, and public-

private collaboration. Using text analysis and real-world case studies, the authors examine the impact of 

energy shortages on industrial productivity, economic stability, and societal well-being. The research 

underscores the urgent need for robust, adaptive strategies to safeguard CI and ensure resilience in the 

face of growing global energy demands and digital dependencies. 
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1. INTRODUCTION  
  
Critical infrastructure protection (CIP) has 

emerged as a new area of European integration. 
With the advent of the digital age in the mid-20th 
century and the introduction of Industry 4.0, 
traditional industries gave way to an economy 
based on the Internet and information and 
communication technologies (ICTs). Big data, 
cloud computing, the Internet of Things (IoT), 
mobile devices, artificial intelligence, 5G 
networks and other ICTs are being used by many 
people around the world, not just businesses. 

There is little doubt that the application of 
digital technology in various industries has 
increased output while reducing prices. One of 
the obvious implications of the development of 
Industry 4.0 is digital culture. On the other hand, 
the risks associated with digital culture, 
including ICT, could jeopardize the operational 
and technological safety and security of Europe's 
critical infrastructure. The operational and 
technological safety and security of Europe's 
critical infrastructure is one of the most pressing 
issues. In this exploratory study, we used text 

analysis as a research tool to understand the 
operational and technological security of 
Europe's critical infrastructure and to assess the 
problems using real cases. 

Critical infrastructure protection (CIP) has 
emerged as a new area of European integration. 
Traditional industries gave a place to an 
economy based enormously on Internet and 
Information and Communication Technologies 
(ICT) with the entrance of the digital era in the 
mid-twentieth century and the introduction of 
Industry 4.0. Big data, cloud computing, the 
Internet of Things (IoT), mobile devices, 
artificial intelligence, 5G networks, and other 
ICTs are being used by a growing number of 
people globally, not only enterprises [1]–[4]. 

Critical infrastructure (CI) of national 
importance in countries supposes the CI which 
in a possible suspension or abolition of its 
operations would have serious consequences for 
national security, the economy, and other critical 
social functions, as well as people's health, 
safety, protection, and well-being. 

The EU institutions and agencies are now 
involved in everything from pandemic 
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preparation to food safety, disaster response, and 
counterterrorism initiatives. These initiatives 
herald the emergence of a "European protection 
policy space" and a qualitatively new type of 
cooperation in the EU [5]. The ECI is regulated 
by the Regulation on European Critical 
Infrastructure (2011), to establish the needs and 
the definition of ECI fields and characteristics 
designated location on each country member [6]. 

The volume of personal data collected and the 
flow of information about users is increasing in 
tandem with the increasing digitalization of 
business and the rapid development of 
information and communications technology. 
This increases the likelihood of abuse and 
violation of privacy rights. As a result, the EU 
adopted the General Data Protection Regulation 
- GDPR (2016), which aims to harmonize and 
raise the level of personal data protection in 
various EU sectors, including the maritime 
sector. 

Cyber security attacks on Operational 
technologies (OTs) can cause explosions, 
collisions, and blackouts. This necessitates 
novel risk management practices that also 
address security and safety concerns [7]–[11]. 
Automation and control systems, such as 
Supervisory Control and Data Acquisition 
(SCADA), are referred to as monitor and control 
systems power, pipelines, water distribution, 
sewage systems, and production control are all, 
this relation connected to Operational 
Technology (OT). 

Natural disasters and extreme weather put 
energy infrastructures, like distribution and 
production networks, at risk. These 
infrastructures are crucial for essential societal 
functions like people's health, safety, security, 
economic, and social well-being, which is why 
they are referred to as critical infrastructures (a 
catch-all term that encompasses the 
transportation, technology for communication 
and information (ICT), water, and emergency 
sectors, among others) (Directive 2008/114/EC). 
Natural disasters and extreme weather put 
energy infrastructures, like distribution and 
production networks, at risk. Energy Critical 
Infrastructure (ECI) systems have already failed 
due to natural disasters or unintentional 
malfunctions, with dire ramifications for the 
economy and society [12]–[14]. 

A "system of systems," modern 
infrastructures have multiple dependencies, 
interactions, and interconnections. Damage to 
one infrastructure system can therefore lead to 
failures and have a domino effect on all other 
linked and dependent infrastructures, so 
impacting the community and economy as a 
whole [9], [15]. 

Critical Energy Infrastructure (CEI) is a 
prime target for various types of attacks. 
However, CEI is vulnerable not only to terrorist 
attacks, but also to state attacks such as extensive 
energy "denial" operations during countries' 
wars [16]. 

In the context of all mentioned above the 
operational and technological safety and 
security of the ECI considering energy crises 
presents a field with a deep gap to define the 
protocols and operational procedures to avoid 
the biased management of the CEI. In this sense 
the rest of the document is organized as follows: 
Section 2 Related Works shows previous studies 
in this context. Section 3 Methodology presents 
the steps for data collection and information 
processing for analysis. Section 4 Results 
presents the outcomes of the research. Finally, 
Section 5 Conclusions presents a discussion of 
the results and research conclusions. 

 
2. RELATED WORKS 
 

In 2004 Farrell developed research on Energy 
Infrastructure and Security, how such a 
connection differs from conventional energy 
security aspects, and what that may necessarily 
imply for private and policy decisions [17]. 

During 2015 Mehravari presents the 
cybersecurity capabilities of the energy-critical 
infrastructure evaluation using C2M2 model to 
demonstrate how these models have been 
successfully implemented by an increasing 
number of entities, and plans for their ongoing 
stewardship, evolution, and application to other 
types of organizations [18]. 

In 2017 Mikellidou presents a review about 
Energy critical infrastructures at risk from 
climate change, identifying risk assessment, 
interdependence with other sectors, and 
adaptation/resilience options are all important 
aspects of CI protection [12]. 
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3. METHOD DESCRIPTION  
 
In the modern era, there is a scarcity of talent 

to implement digital control. As a result, as a 
new industry 4.0 niche emerges, digital Energy 
critical infrastructures education plays an 
important role in the spread of digital control. 

To define the study and investigation gap, we 
performed this exploratory research using 
different research methods: content analysis and 
reviewing massive secondary research to better 
understand the situation of Energy critical 
infrastructures in Europe [12].  

The literature and data are from reputed 
journals, the official website of the European 
Union, and so on. We also considered Roger's 
Diffusion of Innovation Theory (DOI), to gain a 
complete overview of "how" to adapt and use 
digital technologies to protect Energy critical 
infrastructures [13]. The key to getting energy-
critical infrastructure protection actors to adopt 
digital technologies is to change their perception 
of them [14]. 

 
4. RESULTS 

 
Considering energy crises, ECI considers 

multidisciplinary approaches by incorporating 
technological, environmental, and social aspects 
of energy structures, as well as close 
collaboration among multiple fields of research, 
such as energy planning, transportation 
infrastructure, and regulatory issues. 

 
4.1. Types of energy crisis 

Two main energy sources are identified as 
renewable and nonrenewable energy sources can 
be used; however, nonrenewable sources such as 
natural gas, fossil fuels, oil, and coal are not 
infinite and will be depleted; on the other hand, 
renewable energy sources do not diminish [19]. 

Since energy is one of our human 
civilization’s most basic needs, its supply should 
be reliable and plentiful. In this sense, electrical 
energy become the most usable energy source, 
due to its primary role in development the of 
industries in countries [20]. China and India's 
emerging economies are driving much of the 
world's rising energy demand. These two 
countries already account for half of global 

demand growth, and by 2030, their consumption 
is expected to more than double [21].  

One of the main causes of the crisis is the 
continuous rise in the population, which is 
identified by international environmental 
organizations and international law providers 
[22]. Fig. 1 shows the identified causes of the 
energy crisis in the world.  

The energy crisis is identified in terms of the 
relation between capital and product, besides the 
relation between work capacity and energy, due 
to the energy providing the necessary resources 
to convert the work activity into the product and 
directly this product provides a future capital for 
economies. In this field, the possible causes with 
the capacity to produce an energy failure have an 
enormous interest for countries [23], [24]. 

The energy crisis affects not only people's 
daily lives but also countries' development and 
progress. Because of a lack of energy in the form 
of electricity and natural gas, the industry is 
declining, and the transportation and domestic 
sectors are also suffering because of this crisis. 
To operate continuously, all major sectors, 
including industry, transportation, domestic, and 
power generation, require increasing amounts of 
energy [25]. 

 

 
Fig. 1. Causes of energy crises [20]. 

 
4.2. Energy crisis and workplaces 

Renewable energy resources have grown in 
popularity due to their perpetual renewability, 
modularity, local availability, and 
environmental friendliness. The increase in 
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domestic and private consumption is due to 
increased economic well-being and 
technological innovations that introduce more 
energy-using applications to domestic and 
private users. The decrease in industrial energy 
consumption is due to technological 
advancements that provide highly efficient 
devices with high safety and reliability [26]–
[28].  

“Workers” and “employees” in the industry 
environment correspond to the “stable salaried 
working class,” In terms of the economy this 
class needs to convert their forces into a product 
and energy became a main resource to be applied 
for them in their task. Besides the task, there are 
other characteristics like transportation for 
workers and products [28]–[30]. 

CI in the workplace can be significant and 
wide-ranging going from the disruption or 
cessation of essential services or processes. This 
can result in downtime, reduced productivity, 
missed deadlines, financial losses, and going 
through risks to employee safety and well-being. 
For example, power outages can lead to 
inadequate lighting, compromised security 
systems, or the loss of essential life support 
systems. Equipment failures or physical security 
incidents. Besides, Cybersecurity incidents 
targeting CI can result in data breaches, 
compromising sensitive information about the 
organization, its employees, or customers [31]. 

 
4.3. Critical Infrastructure 

The term "critical infrastructure" (CI) refers 
to structural systems that, if suspended or 
eliminated, would have serious consequences 
for national security, the economy, and other 
critical social functions, as well as people's 
health, safety, protection, and well-being, it 
could be in both public and private, are among 
the "critical sectors" that may be affected and 
thus have a negative impact on the orderly 
operation of societal functions [32]. Fig. 2 
presents the most important sectors in CI field. 

Terrorists around the world have targeted the 
CI, resulting in uncontrollable fear, distrust, and 
other feelings that have a heavy impact on 
societal life and a wide range of side effects, 
including economic and psychological ones 
[33]. In this sense, CI protection became an 

important policy to be included in all states and 
countries around the world. 

 

 
Fig. 2. Critical Infrastructure. 

 
4.4. Critical Infrastructure Protection 

Experiences with CIP in different countries 
have an important factor that all governments 
will never underestimate in the future: 
communication will be the main factor to control 
and protect all network systems for CI. The 
policymakers fighting for CIP have deeply 
understood the need to create public opinion 
around global security issues, with the particular 
goal of increasing citizens' preparation to face 
even now the deepest nightmare which may 
come true [34], [35]. 

CIP entails strengthening critical 
infrastructure frameworks to survive and 
recover from a variety of threats, such as natural 
disasters, accidents, cyber-attacks, and terrorist 
activities. Risk management is critical in 
identifying vulnerabilities, assessing potential 
threats, and implementing risk mitigation 
measures. This includes creating solid 
contingency plans, redundancy mechanisms, 
and backup systems to ensure operational 
continuity [36], [37]. Close collaboration and 
coordination between public and private entities 
is required for effective CIP.  

It is critical for stakeholders to share 
information, intelligence, and best practices to 
improve situational awareness, early warning 
systems, and response capabilities.  

Table 1  

Energy Crises and Critical Infrastructure 
Protection. 

Section 
Key 

Concept 
Details 
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Types 
of 

Energy 
Crisis 

Energy 
Sources 

Nonrenewable: Finite resources (e.g., 
natural gas, fossil fuels, oil, coal) that will 
be depleted. 
Renewable: Inexhaustible sources (e.g., 
solar, wind) that do not diminish. 

Energy 
Demand 

Rising global energy demand, particularly 
driven by emerging economies like China 
and India. 

By 2030, consumption in these countries 
is expected to more than double. 

Causes 
of 

Energy 
Crisis 

- Population growth. 

The critical relationship between capital, 
product, work capacity, and energy. 

Energy is essential for economic stability 
and development. 

Impact 
of 

Energy 
Crisis 

- Affects daily life, industrial growth, 
transportation, and domestic sectors. 
- Insufficient energy supply leads to a 
decline in these sectors, impacting overall 
progress and development. 

Energy 
Crisis 
and 

Workpla
ces 

Renewa
ble 

Energy 
Growth 

Renewable energy is gaining popularity 
due to renewability, environmental 
benefits, and local availability. 
Economic well-being and technological 
advancements increase domestic energy 
consumption. 
Industrial energy use decreases with more 
efficient and reliable technologies. 

Workpla
ce 

Impact 

Workers in the industry rely heavily on 
energy for productivity. 
Energy crisis can lead to disruption of 
essential services, reduced productivity, 
financial losses, and safety risks. 
Critical Infrastructure (CI) failures (e.g., 
power outages, cybersecurity incidents) 
have far-reaching consequences. 

Critical 
Infrastru

cture 
(CI) 

Definiti
on and 
Importa

nce 

CI includes systems critical to national 
security, the economy, and public 
health/safety. 
Affects both public and private sectors, 
impacting societal functions. 

Threats 
to CI 

CI is a target for terrorism, leading to 
severe economic, psychological, and 
societal disruptions. 

Critical 
Infrastru

cture 
Protecti
on (CIP) 

Protecti
on 

Strategi
es 

CIP involves strengthening CI to 
withstand threats like natural disasters, 
cyber-attacks, and terrorism. 
Risk management, contingency plans, 
redundancy mechanisms, and backup 
systems are vital. 

Collabor
ation 
and 

Coordin
ation 

Effective CIP requires collaboration 
between public and private entities, 
including governments, law enforcement, 
and infrastructure operators. 

Information sharing and partnerships are 
essential for comprehensive protection 
and improving response capabilities. 

 
Partnerships between the public and private 

sectors also make it easier to allocate the 
resources, expertise, and technological 

advancements required for comprehensive 
infrastructure protection [38]. Table 1 shows the 
different aspects of energy crises, their impact 
on economies and jobs, and the importance of 
CIP. 
 
5. CONCLUSIONS  

 
The energy crisis is identified in terms of the 

relation between capital and product, besides the 
relation between work capacity and energy, due 
to the energy providing the necessary resources 
to convert the work activity into the product and 
this product is converted into capital for 
economies. The energy crisis affects not only 
people's daily lives but also countries' 
development and progress. Since energy is one 
of our human civilization's most basic needs, its 
supply should be reliable and plentiful. China 
and India's emerging economies are driving 
much of the world's rising energy demand. 
Because of a lack of energy in the form of 
electricity and natural gas, the industry is 
declining, and the transportation and domestic 
sectors are also suffering as a result of this crisis 
[19], [23]. 

The increase in domestic and private 
consumption is due to increased economic well-
being and technological innovations that 
introduce more energy-using applications to 
domestic and private users. Besides the task, 
there are other characteristics like transportation 
for workers and products involved in the use of 
CI as a beneficiary. 

The protection of critical infrastructure (CIP) 
has become a crucial aspect of European 
integration due to the increasing reliance on 
Internet and Information and Communication 
Technologies (ICT). With the rise of Industry 
4.0 and the digital era, traditional industries have 
given way to an economy heavily based on ICT 
[39]. The use of big data, cloud computing, IoT, 
artificial intelligence, and 5G networks has 
become widespread, necessitating the 
establishment of robust measures to safeguard 
critical infrastructure. 

The interdependencies and vulnerabilities of 
critical infrastructure systems pose significant 
challenges for their protection and management. 
Modern infrastructures are highly 
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interconnected and interdependent, which 
means that damage to one system can have 
cascading effects on others, impacting the entire 
community and economy. Furthermore, critical 
energy infrastructure (CEI) is not only 
vulnerable to terrorist attacks but also state 
attacks during times of conflict.  

There is a pressing need to address the 
operational and technological safety and 
security of European CI to mitigate the risks 
associated with energy crises and potential 
malicious activities [40], [41].  

The protection of critical infrastructure is a 
multifaceted effort that combines technical, 
operational, policy, and regulatory safeguards to 
protect critical systems from physical, cyber, 
and other threats. Societies can better withstand 
and recover from potential disruptions by 
prioritizing critical infrastructure protection and 
resilience, ensuring the safety, security, and 
operation of vital services and systems [4], [42]. 

Table 2 provides an overview of the energy 
crisis and critical infrastructure, analyzing the 
relationships between energy sources, demand, 
and their broader implications. Global energy 
demand is surging, particularly in rapidly 
developing economies.  

This rising demand, coupled with population 
growth and the critical interplay between capital, 
productivity, and energy, underscores the causes 
of the energy crisis. 

The essential connection between energy 
crises, their impact on the economy and the need 
for strong infrastructure protection, especially in 
Europe.  

Energy is not only necessary for everyday 
activities, but also for the development of a 
country, as it transforms labor into products and 
drives economic progress.  

A lack of energy can lead to industrial decline 
and disruptions in transport and housing, 
especially in rapidly developing countries. This 
is especially true as global demand for energy 
increases.  

The growth of technology and economic 
prosperity is driving greater energy consumption 
in residential and commercial environments. 

Table 2 
CIP key points. 

Topic Key Points Details 

Energy 
Crisis and 
Economic 

Impact 

Relation 
Between 
Capital, 
Product, 

Work 
Capacity, 

and Energy 

- Energy is essential to convert 
work into products, which are 
then converted into capital for 

economies. 

- Energy crisis affects not only 
daily lives but also national 
development and economic 

progress. 

 
Global 
Energy 
Demand 

- Rising energy demand driven by 
emerging economies like China 

and India. 
- Lack of energy in forms like 

electricity and natural gas leads to 
industrial decline and impacts 
transportation and domestic 

sectors. 

Consumptio
n Patterns 

Increase in 
Domestic 

and Private 
Consumpti

on 

- Driven by economic well-being 
and technological innovations, 
leading to more energy-using 

applications in homes and private 
sectors. 

- Other factors include 
transportation needs for workers 

and products. 

Critical 
Infrastructur

e (CI) 

Importance 
of CIP in 
Europe 

- CIP has become crucial in 
Europe due to reliance on Internet 
and ICT with the rise of Industry 

4.0 and the digital era. 

- Widespread use of technologies 
like big data, cloud computing, 

IoT, AI, and 5G networks 
demands robust measures to 

safeguard critical infrastructure. 

 

Interdepen
dencies 

and 
Vulnerabili

ties 

- Modern infrastructures are 
highly interconnected, so damage 
to one system can cause cascading 

effects on others, affecting 
communities and economies. 

- Critical Energy Infrastructure 
(CEI) is vulnerable to terrorist and 

state attacks, especially during 
conflicts. 

CIP 
Strategies 

Protection 
and 

Resilience 
Measures 

- CIP requires a combination of 
technical, operational, policy, and 
regulatory safeguards to protect 

systems from physical, cyber, and 
other threats. 

- Prioritizing CIP helps societies 
withstand and recover from 

disruptions, ensuring the safety 
and operation of vital services and 

systems. 

 
Due to the increased reliance on digital 

technologies such as big data, IoT, AI and 5G 
networks, all of which require robust security 
measures, the importance of critical 
infrastructure protection (CIP) has grown [43], 
[44]. CIP strategies use a combination of 
operational, policy, technical and regulatory 
approaches to protect against and remediate 
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various threats. This ensures that critical 
services and systems are resilient enough to 
withstand and recover from potential 
disruptions. 

Every day, people and businesses alike may 
suffer greatly when essential infrastructures, 
such as water systems, electricity grids, 
transportation networks, or digital 
communication platforms, are targeted. People 
may experience an abrupt loss of access to clean 
water, energy, healthcare, or even the internet, 
which can make daily life hazardous in addition 
to being challenging. Imagine transportation 
infrastructure malfunctioning, hospitals without 
electricity, or families without winter heating for 
their homes.  

These attacks have the potential to disrupt 
business operations, postpone output, reveal 
confidential information, and endanger both 
assets and personnel. In the modern digital 
world, when everything is interconnected—
whether via cloud computing, artificial 
intelligence, or the internet—an attack on one 
component of the system might lead to extensive 
failures in other areas. Entire businesses and 
communities may become paralyzed by these 
domino effects. Small interruptions can easily 
turn into large crises due to the world's growing 
energy consumption, population expansion, and 
the pressures of climate change. Protecting these 
systems is therefore no longer merely a technical 
problem; rather, it is a social duty that impacts 
everyone. Our everyday lives cannot function 
safely and successfully without effective 
cybersecurity, disaster preparedness, and tight 
collaboration between businesses and 
governments.  
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Siguranța și securitatea operațională și tehnologică  

a infrastructurii critice europene în lumina crizelor energetice 
 

Acest studiu explorează siguranța și securitatea operațională și tehnologică a Infrastructurilor Critice (IC) europene în 
contextul escaladării crizelor energetice. Odată cu ascensiunea Industriei 4.0 și a tehnologiilor digitale - cum ar fi IoT, IA 
și 5G - sistemele IC au devenit din ce în ce mai interconectate și vulnerabile la amenințări cibernetice, dezastre naturale 
și tensiuni geopolitice. Lucrarea subliniază importanța Protecției Infrastructurilor Critice (PCI) prin abordări 
multidisciplinare, managementul riscurilor și colaborare public-privată. Folosind analize de text și studii de caz din lumea 
reală, autorii examinează impactul deficitului de energie asupra productivității industriale, stabilității economice și 
bunăstării societății. Cercetarea subliniază nevoia urgentă de strategii robuste și adaptive pentru a proteja IC și a asigura 
reziliența în fața cererii energetice globale în creștere și a dependențelor digitale. 
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