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Abstract: Montenegro restored its national independence in 2006, and in the 17 years since then,
the country has made significant progress in digital transformation, which is especially important
for its accession to the European Union. In this paper, this period of 17 years of Montenegrin
digital transformation is reviewed. The work aims to provide comprehensive coverage of the
digitization processes across all relevant sectors, including healthcare, education, telecommunications
and internet, personal and public transportation, tourism, agriculture, energy and sustainability,
and public administration. The human-centric nature of digitization is emphasized where relevant,
as well as related future trends. This paper also highlights barriers and limitations, such as the
lack of consideration for cooperative intelligent transportation systems in national strategies, and
user-related issues in digital public administration.

Keywords: digital technologies; digital transformation; digitization; development over time

1. Introduction

The country of Montenegro—which literally means “Black Mountain”—restored its
independence on 3 June 2006, as a result of the independence referendum that was held on
21 May, earlier that year. More than 17 years have passed since then, and the country is
preparing for its next historical milestone, as the accession of Montenegro to the European
Union (EU) has been underway since 2012.

Many aspects of life have been transformed in Montenegro throughout those 17 years.
One of the most powerful forces of transformation is digitization, which potentially affects
every single service that is provided. With the aid of digital technologies, the quality
of life (QoL) of Montenegrin citizens—as well as of those who either reside in Montene-
gro or visit the country (e.g., tourists)—has significantly increased. Many activities and
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projects currently aid the digitization process, such as the ongoing DigNest project (Digital
Entrepreneurial Nest and Industry 4.0 in Montenegro) [1] of the EU.

In one of our earlier works [2], we specifically investigated the state-of-the-art digi-
tization efforts in the areas of healthcare, agriculture, and transportation—the latter was
addressed from the technological perspective of cooperative intelligent transportation
systems (C-ITSs). The work covered technologies (including related international stan-
dards), use cases, the relevant features and attributes of the country, and the associated
considerations and implications.

In this paper, we comprehensively study the past 17 years of Montenegro in terms of
human-centric digitization. This paper covers the areas of healthcare, education, telecom-
munications and internet, personal and public transportation, tourism, agriculture, energy
and sustainability, and administration. This paper also focuses on the current status of the
respective fields, as well as the future trends that are yet to come. This contribution aims
to assess the progress of digitization within Montenegro from the EU perspective, with a
particular focus on the human aspects of advancement.

Human-centric digitization is of paramount importance in the EU, as it aligns tech-
nological advancements with its citizens’ fundamental rights and values. This approach
ensures that digital transformation drives economic growth and innovation, and promotes
inclusivity, privacy, and ethical standards. By prioritizing human-centric principles, the
EU aims to create a digital environment that empowers individuals, enhances democratic
processes, and safeguards personal data in every domain of digitization, from health-
care through agriculture to education or public transportation [3]. Such a digitization
approach is particularly crucial in addressing the challenges of the digital divide, ensur-
ing equitable access to technology, and increasing trust in digital services. Moreover,
a human-centric strategy supports the EU’s broader objectives of social cohesion and sus-
tainable development—it is essential for promoting a resilient and fair digital society and
for fostering economic growth and productivity [4]. Recognizing this, the EU has made
digital transformation one of its key priorities. The Digital Decade initiative [5] outlines the
EU’s ambitious targets to steer this transformation through 2030. The EU’s approach to
digitization aims to create a digitally empowered society and economy. The EU’s ‘Digital
Decade’ targets four main areas: digital skills; secure and sustainable digital infrastructure;
digital transformation of businesses; and digitization of public services. Through these
efforts, the EU aspires to become a global leader in the digital realm, driving sustainable
growth, enhancing public services, and improving the overall QoL for its citizens.

Montenegro has placed significant emphasis on digitization as a priority for its eco-
nomic and social development, particularly in the context of its EU accession efforts. The
country’s focus on digital transformation is embedded within its broader strategy for
innovation and smart specialization strategy (S3) [6]. The S3, adopted in 2019, highlights
information and communication technology (ICT) as a key horizontal priority that supports
various other sectors. The strategy aims to foster economic growth by leveraging digi-
tal technologies across multiple fields, such as energy, sustainable agriculture, advanced
materials, sustainable tourism, and health services (i.e., smart specialization platform). Fur-
thermore, the 2023 progress report of the European Commission (EC) on Montenegro [7]
notes that the country has continued its efforts to advance digital and green transitions
despite facing infrastructural challenges. The report emphasizes the need for Montenegro
to strengthen its administrative and financial capacities to implement major public invest-
ments effectively, which include digital infrastructure projects. Montenegro is working
on improving its e-government services to enhance public administration efficiency and
transparency. This aligns with broader EU objectives to increase digital public services
availability and quality, fostering a more integrated and competitive digital economy within
the region. In summary, Montenegro’s priority on digitization is reflected in its strategic
documents and ongoing efforts to integrate digital technologies into various sectors, aiming
to enhance its economic resilience and align with EU standards. On the other side, a deeper
analysis of lessons learned from Montenegro could serve as a baseline for other local and
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regional initiatives across Europe, which can be further used as a case study for testing
scientific findings on isolated impacts.

The purpose of this contribution is to provide a comprehensive, detailed overview
of the history, current state, and potential future of digitization efforts in Montenegro.
This is particularly relevant for industrial partners, investors, regulators, divisions of re-
search and development, the related scientific community as a whole, as well as high-level
decision-makers. Regarding the scientific community, such regional reviews are rather
beneficial, as they may highlight crucial dependencies, along with notable potentials and
limitations. Beyond the comprehensive overview of the investigated fields, the authors
collaborated with numerous Montenegrin institutions to enable insight into aspects that
are otherwise unavailable publicly in the scientific literature at the time of writing this
paper. For instance, in the case of education, aggregated data were collected from ev-
ery single Montenegrin institution of higher education. Additionally, the authors must
highlight that the contribution not only supports the upcoming digitization efforts within
Montenegro but may also provide valuable information for other countries within the
region (e.g., harmonization of development), EU member countries, as well as any country
that is currently undergoing the process of digitization—particularly those within similar
phases of development. In contrast to our previous work [2], this contribution focuses
on the long-term evolution of the investigated areas and also approaches progress from a
human-centric perspective. Moreover, each sector is studied in a more complete manner,
e.g., in the case of transportation, all means are considered, and digitization in multimodal
transportation is emphasized.

The remainder of this paper is structured as follows. Section 2 specifies the materials
and methods employed in this work. The areas of healthcare, education, telecommunica-
tions, and internet, personal and public transportation, tourism, agriculture, energy and
sustainability, and administration are discussed in Sections 3–10, respectively. The relevant
future trends are addressed in Section 11. This paper is concluded in Section 12.

2. Materials and Methods

In this section, the materials and methods used by our research effort are briefly
summarized. First, this work is partially based on the conventional analysis of the scientific
literature. This was achieved via relying on specialized databases—such as IEEE, as the vast
majority of related technologies are associated with electrical and electronics engineers—as
well as general abstract and citation databases—such as Scopus. The latter was not only
used to search for scientific publications on specific topics but also for performing numerical
analyses (e.g., calculating the number of journal papers addressing a given technology).

We also studied statistical databases and legislative documents. For statistics, we
primarily relied on the data published by the Statistical Office of Montenegro (MONSTAT).
Additionally, we gathered information from other sources such as the World Health Or-
ganization (WHO), the World Bank, and the EC. Statistical information was also obtained
from the Government of Montenegro, yet such a source was used more for legislative
information, policies, and strategies. Moreover, reports published by Montenegrin min-
istries (e.g., Ministry for Information Society and Telecommunications, Ministry of Public
Administration, etc.) were likewise incorporated into the presented analyses.

The authors of this work consulted with numerous officials—including lawmakers—to
enhance the quality of the review and to ensure its factual accuracy. The institutions of the
Montenegrin authors of this work (University of Donja Gorica, University of Montenegro,
Chamber of Economy of Montenegro, and Clinical Centre of Montenegro) extensively
aided the research efforts. Other Montenegrin institutions—such as the Mediterranean
University of Montenegro and the Adriatic University (also known as University Adriatic
Bar) in the context of higher education—also helped this work with relevant information.

The presented results were obtained by employing data classification and aggregation
as well. For example, in the aforementioned context of higher education, data—already
classified by using pre-defined categories—was provided by every institution of higher ed-
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ucation in Montenegro, which constituted the input for the calculation of the proportionate
weighted average.

Finally, the work gathered information from project documentation and published
results. Such data can highlight the efficiency of past development efforts, and emphasize
the directions of progress and national priorities.

3. Healthcare

The healthcare system in Montenegro is a mixture of the public and the private sector.
Healthcare institutions in the public sector include primary-, secondary-, and tertiary-level
institutions. The primary level consists of health centers (18 in total) where doctors for
children (e.g., pediatricians), women (e.g., gynecologists), and adults (e.g., family doctors)
work. Support centers (e.g., mental health, lung diseases, etc.) and other organizational
units (e.g., home treatment services) are also an integral part of primary health centers. The
secondary and tertiary levels of healthcare are provided in other health institutions, such
as the Clinical Centre of Montenegro, two clinical-hospital centers, and five general and
three special hospitals. The public health system of Montenegro also includes state phar-
macies, the Institute for Public Health of Montenegro, the Institute for Blood Transfusion of
Montenegro, and the Institute for Emergency Medical Assistance of Montenegro.

At the end of 2022, 942 institutions were registered in Montenegro, founded by ei-
ther domestic or foreign natural or legal persons. The aforementioned institutions in
the private sector are registered to provide various specialist and sub-specialist services,
pharmaceutical activities, dental services, and more [8].

The Ministry of Health oversees and regulates healthcare services, which is particularly
present in the periodical assessment of existing situations and the creation of strategic objec-
tives, as well as monitoring their implementation. The most recent strategy [8]—covering
the period 2023–2027—clearly shows that the biggest problems in the work at the primary
level are the lack of staff (mainly doctors) and that doctors and nurses are overloaded with
administrative tasks. As a result, in primary healthcare, the goal of 70% of the insured’s
health needs is not met; instead, they are referred to the secondary and tertiary levels. On
the other hand, the implementation of healthcare workers at the primary level to detect the
risk of non-communicable diseases and to implement preventive and screening programs
has not been used at all [8].

The Ministry of Health also initiates and supports all initiatives and projects regarding
the digitization of the public sector. The digitization of Montenegro’s healthcare system
was recognized as a priority at the end of the last millennium. The first information system
was established in the Health Insurance Fund in 2000. To this day, the most significant
number of health service providers are fully or partially included in the unique health
information system [9].

Figure 1 illustrates the most essential phases in the development of a health informa-
tion system at the national level in Montenegro since the process is still ongoing and new
significant investments—in cooperation with the United Nations Development Program
(UNDP) as well as by usage of national funds—are foreseen [8]. The main point of reference
for the users of the health information system is the web portal named “e-Zdravlje”. At
the time of writing this paper, there are 11 electronic services for citizens and 2 services for
institutions. According to the analysis of our earlier research [2], this is the most popular
service used by the citizens of Montenegro, compared to all public services (37%, with the
next most frequently used at 18.3% being e-services). This portal groups the essential fea-
tures of the healthcare system, such as e-pharmacy (providing information on the supplies
of medicine amongst pharmacies), e-prescription (allowing the paperless prescription of
drugs), e-results (a fast and efficient way of sharing the results of biochemical and other
analyses amongst authorized users), and e-appointments (a scheduling system that aims
to avoid long queues at healthcare institutions). Implementing services and features like
these not only prevented numerous unnecessary direct contacts—which was particularly
important during the COVID-19 pandemic—but also significantly improved time man-
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agement for patients and healthcare service providers. However, from the perspective
of implemented integration and data and process workflow between different levels of
the healthcare system at the national level in Montenegro, key elements are missing, as
summarized in Table 1.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Health Insurance Fund Information System
Health Insurance Fund - infrastructure investments, introduction of new ID cards and forms

Control of drug distribution and use - Montefarm IS
Health Insurance Fund Information System - migration to online mode

Primary Health Care IS support to PHC reform - pilot in 3 locations
Primary Health Care IS - full implementation
Primary dentists IS

Emergency care IS
Hospitals IS - phase I

Hospitals IS - phase II
Drug agency IS
Public Health Institute IS
Transfusiology Institute IS

Transfusiology Institute IS - Phase II
Screening programs support

Safety forces Healthcare center support
Dedicated app for Private HC institutions

Dedicated app for PA
Heliant

Partial linkage between Clinical Centre and IPH

Figure 1. Phases in the development of the integral health information system in Montenegro.

Table 1. Full and partial integration of healthcare institutions into the Integral Health Information
System of Montenegro.

Level of Healthcare Fully Integrated Partially Integrated

Primary level
Health centers; Institute for

Emergency Medical
Assistance of Montenegro

n/a

Secondary level General and special hospitals n/a

Tertiary level n/a Clinical Centre of Montenegro

Other levels

Pharmacies; Institute for
Blood Transfusion of

Montenegro; Institute for
Public Health of Montenegro;

Institute for Medicines and
Medical Devices; Health

Center of the Security Forces
of Montenegro

n/a

Private sector

Private dental offices;
pharmacies and healthcare

institutions that are part of the
health network

Other healthcare institutions

Authorities Health Insurance Fund Ministry of Health

The introduction of digital health solutions indeed brings about significant changes in
healthcare delivery, requiring a shift in working processes and mindset among employees
and managers alike [10]. Before considering any continuous professional growth through
learning and skill enhancement, as well as adaptable work practices, the lack of medical
and non-medical staff was evident throughout the years in Montenegro, as illustrated in
Figure 2 [11]. In accordance with recent data from the World Bank, the index of the number
of physicians (per 1000 people) for Montenegro is 2.8, while the highest European value is
7.1 (in Sweden). It is also important to highlight that age categories have changed over the
years [11] as follows:
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• Physicians with specializations were dominantly in ages 45–54 (46.76%) in 2008;
residents dominantly in ages below 34 (73.29%) in 2008; compared to physicians with
specializations dominantly in ages 35–44 (32.32%) and above 55 (34.35%) in 2021; and
residents dominantly in ages below 34 (56.59%).

• Other medical staff were dominantly in ages 45–54 (38.79%) in 2008; while in 2021,
they were mainly in ages below 34 (28.37%), with the least dominant age group of
45–54 (20.02%).

1300

1200

Physicians Healthcare workers with secondary and higher education

1400

1500

1600

1700

1800

3450

3300

3600

3750

3900

4050

4200

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 2. The number of healthcare workers employed in Montenegro.

The human-centric nature of the health information system became integrated during
the initial steps that were made in 2000, and the digitization process was aimed at the
optimization of the business process in healthcare, with direct benefits for healthcare
providers and citizens as users of healthcare services. The following key advantages and
challenges can be identified from the perspective of supporting the patients’ well-being as
core assets of the integral health information system [12]:

• Integration of patient data moving toward the creation of electronic health record
(EHR). The patient’s entire medical data and pertinent basic information are gathered
in a single system, accumulated from birth, facilitating the establishment of a compre-
hensive electronic medical record. According to the report of the partner company in
charge of the development of the system, the goal was to attain a degree of integration,
wherein data are entered into the system just once, at its source, ensuring accessibility
across the entire system as and when required. However, currently, EHRs are acces-
sible only to physicians, while patients can access their own data only under special
request to the insurance fund, which is still behind the general idea of having persons
as owners of their own comprehensive lifelong repository of health-related data and
documents [13].

• Support to centralized management and strategic planning of managers and authori-
ties. All of the strategies adopted since the re-establishment of the independence of
Montenegro were based on human-centric values such as equality, accessibility, solidar-
ity, and reciprocity, placing the insured individual in the center of the health insurance
system, aided by the legitimate and transparent management of the health insurance
funds. However, integrated data are the cornerstones for effective resource planning,
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regulatory documentation, quality assessment, certification and accreditation, billing,
clinical research, and public health [14].

• Support for further system extensibility. Alongside such characteristics, the health
information system is also highly integrated; once structured data are entered, it is
available consistently and universally wherever requested by authorized users with
access rights to the system. Additionally, shared resources are the foundation of the
system, applications have unified solutions based on functional and organizational
units, and reporting is centralized and automated.

• (Non-)Depicting private-public cooperation in the provision of health services. All
the mentioned problems in the daily functioning of the health system are largely
solved by the involvement of the private sector (942 institutions at the end of 2022) [8].
For health services where there is the greatest need (those that cannot be sufficiently
provided by the public sector), the state signs cooperation agreements with private
institutions. However, inadequate digital connectivity in the private sector complicates
the monitoring of patients and the services provided. The consequences are numerous,
including the fact that doctors cannot see medical reports about the services offered by
private providers, and there is no unique or integral list of drugs issued to the patient.

• Perception of the usefulness of health information systems by medical staff. In the
literature, many studies [15–17] have focused on assessing healthcare professionals’
attitudes toward the usage of digital services and their usefulness. To the best of
our knowledge, no similar study has been conducted in Montenegro. However,
general feedback obtained in daily practice aligns with key factors of dissatisfaction
among health providers, including the need to improve the efficiency of care processes,
resource allocation, and billing procedures [14,18]. Moreover, there is a lack of support
for collaboration and unintuitive user interfaces [16,17], which often detract physicians
from time that could otherwise be devoted to direct patient care [19].

In summary, Montenegro’s healthcare system has undergone a comprehensive and
human-centric digital transformation. Governed by a mix of public and private sectors,
overseen by the Ministry of Health, the system places a strong emphasis on equality, ac-
cessibility, and transparency. The establishment of the health insurance fund beneficiaries
database served as a pivotal first step, setting the stage for further digitization efforts.
The integration of structured data, centralized management, and the strategic planning
of activities has enhanced the system’s overall efficiency. The web portal “e-Zdravlje” is
a user-friendly gateway to many electronic services, significantly contributing to improved
healthcare accessibility and streamlined processes. Moreover, the system’s adaptability was
evident during the COVID-19 pandemic, when new digital services—including COVID-19
vaccination certificates—were swiftly introduced. Montenegro’s healthcare system emerges
as a commendable model, marrying human-centric values with cutting-edge digital solu-
tions to provide efficient, accessible, and patient-focused healthcare.

4. Education

The COVID-19 crisis and the subsequent closure of educational institutions under-
score the urgent need for digitizing the education system. This transformation not only
enhances the system’s resilience to future crises but also lays the foundation for a robust
distance learning system applicable in both normal and emergency circumstances [20].
It additionally opens avenues for the digitization of various other processes within the
education system.

The introduction of innovations into learning and teaching processes—driven by
digital technologies—signifies the ongoing digitization of the educational system. This
transformation is not a one-way street or a quickly achievable goal but represents a contin-
uous journey toward a more technologically integrated and resilient education landscape.

The digitization of the education system goes beyond merely incorporating digital
technologies into the teaching process [21]. It encompasses the comprehensive digital
transformation of all processes within the education system. This includes the creation of
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electronic services tailored for students, teachers, and parents, along with fostering data
exchange with other institutions. The overarching goal is to modernize and enhance the
efficiency of administrative processes across all departments.

Simultaneously, particular emphasis must be placed on addressing the needs of specific
groups during the digitization of teaching and the improvement of education quality. These
groups include children lacking access to technology (particularly those from economically
disadvantaged backgrounds), children with special educational needs, and exceptionally
talented students [22].

Considering the extensive scope and the imperative of digitizing the educational
system, involving a multitude of institutions and interconnecting various activities, it is
essential to formulate an education system digitization strategy. This strategic approach
ensures a systematic and planned development in this realm, addressing the multifaceted
aspects of digital transformation within the education sector [21].

The education system of Montenegro is intricate, encompassing institutions across
various levels of education [23]. The distribution of these institutions is shown in Figure 3.

Education system 
in Montenegro

Preschools

21 State

162 Private

Primary schools

162 State

6 Private

High schools

50 State

5 Private

1 State-Private

Higher Education 
Institutions

1 State University

3 Private Universities

3 Colleges

Figure 3. The distribution of education institutions in Montenegro.

The Ministry of Education, Science, and Innovation places its primary emphasis on
organizing and managing the digitization transformation process in preschool, primary,
and secondary education. In contrast, higher education institutions enjoy a considerable
degree of autonomy in terms of business operations, organizational structures, and man-
agement processes. Consequently, our examination of the digital transformation process
in education is divided into two categories. The first category pertains to preschool, pri-
mary, and secondary education, falling under the purview of the Ministry of Education,
Science, and Innovation. The second category involves institutions of higher education,
where universities and independent faculties are responsible for their own organization
and management.

In the earlier stages, the digitization of education was guided by the Strategy for
the Development of the Digital Society until 2020, encompassing two strategies. This
initiative included a chapter on education primarily focused on infrastructure (e.g., internet
connection, computer equipment), with limited emphasis on teacher education. The
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intricate and diverse nature of the education system—coupled with experiences from the
COVID-19 pandemic—underscored the necessity for a dedicated strategy. Consequently,
the Government of Montenegro endorsed the Strategy for the Digitization of the Education
System 2022–2027 in December 2021.

The overarching goal of this strategy is to systematically and purposefully implement
the digitization process within the educational system. This endeavor directly contributes
to enhancing the digital skills of both students and teachers, thereby elevating the quality of
the teaching process and student education. Simultaneously, the strategy aims to digitize all
facets of education, fostering a resilient educational system capable of addressing various
societal challenges, including pandemics and weather disasters.

Aligned with several national and European documents—such as the Cyber Security
Strategy, the Digital Transformation Strategy of Montenegro, and the EU Action Plan for
Digital Education 2021–2027—the strategy underscores the need for planned digitization
with predefined goals. It emphasizes the development of a corresponding digital ecosystem
and the enhancement of digital skills across all education stakeholders. The scope of
digitization extends beyond the teaching process to encompass administrative work and
electronic services for students and parents.

The strategy delineates three strategic goals [23]:

• The enhancement of the Information System of Education;
• The development of a digital ecosystem to facilitate optimal conditions for the digiti-

zation process in schools; and
• The cultivation of digital skills among educational institution employees and students,

fostering a sufficient level of knowledge to leverage technological benefits and enhance
all processes, including teaching.

The implementation of the Strategy for Digitization of the Education System serves
as the foundational basis for the successful integration of modern learning and teaching
methods. It aspires to facilitate a holistic, efficient, and sustainable modernization of the
educational system across all dimensions. In addition to digitizing the teaching process
for improved educational quality, the strategy prioritizes an inclusive approach for special
categories, including Roma children, those with special educational needs, and talented
students [22]. Special attention is also directed toward improving the information system
of education through the digitization of processes, interoperability, and the development of
electronic services for all stakeholders.

The SELFIE survey has been conducted over four years to facilitate strategic planning
in primary and secondary schools. This tool aids schools in incorporating digital technologies
into teaching, learning, and student assessment. By collecting anonymous opinions from
students, teachers, and school leaders, SELFIE helps identify areas of success and improvement,
ultimately guiding priorities in the ongoing quest for educational advancement.

The journey toward digitizing education commenced in 2004, initiating a transforma-
tive era. A pivotal shift occurred with the integration of informatics as a regular subject,
coinciding with the adoption of the Montenegrin Education Information System (MEIS)
project. MEIS is composed of two essential components: (i) the enhancement of computer
infrastructure and the introduction of internet connectivity in educational institutions, and
(ii) the establishment of the Education Information System. This comprehensive system
aims to collect data on all educational institutions, digitize education processes, develop
electronic services, and establish interoperability.

From 2004 to 2010, there was a continuous effort to equip educational institutions
with computer equipment. Approximately 6500 computers were procured during this
period and distributed based on the schools’ entry into the reform, aligning with the
introduction of computer science subjects. After 2010, a significant slowdown in computer
equipment procurement ensued due to financial constraints. Despite sporadic independent
acquisitions by educational institutions, a systemic, large-scale procurement did not take
place until 2023, when a EUR 6.3 million investment was initiated. This procurement is



Electronics 2024, 13, 2460 10 of 36

expected to fulfill around 50% of the educational system’s needs, considering the current
age of the equipment in schools [23].

Simultaneously, efforts were made to establish internet connectivity, with ADSL intro-
duced where technically feasible. In locations where ADSL was not viable, satellite internet
was implemented in 61 locations, and mobile internet was implemented in 50 locations.
Approximately 120 locations without internet access are slated to be covered by mobile
internet. In facilities lacking internet connectivity, approximately 4% of students continue
their studies.

The implementation of the Education Information System commenced in 2010, starting
with the first schools. At the time of writing this paper, all educational levels—including
preschools, primary and secondary schools, resource centers, music schools, and adult
education organizers—both private and public, utilized the Education Information System.
This system plays a pivotal role in data collection on children, employees, subjects, edu-
cational programs, and facilities. It serves as a tool for creating statistics and conducting
analyses at all levels of education.

Users of the Education Information System include teachers and educational in-
stitution management (about 10,000 users), the Ministry of Education/affiliated insti-
tutions (about 300 users), other institutions monitoring various aspects of education (about
1000 users), parents (about 100,000 users), and the general public [23]. The system not
only facilitates data collection but also digitizes various educational processes, ensuring
efficient issuance of licenses, invoicing, enrollment, certificate issuance, schedule creation,
exam applications, early identification of at-risk students, and monitoring of violence in
educational institutions.

The assessment of the quality of the teaching process and learning in IT courses/modules
at primary and secondary schools—specifically, those focusing on ICT—is conducted during
supervision by the Bureau for Education Services and the Centre for Vocational Education.
The observations from the Bureau for Education Services thus far highlight a relatively
modest level of ICT knowledge among certain IT teachers. This underscores the necessity for
continuous professional development, given the constant and rapid changes in this field.

From 2017 to the present, the Bureau for Education Services has organized 6 seminars,
engaging 117 participants in programs such as digital pedagogy, application of ICT in math-
ematics teaching–trends, robotics, smartphones as a teaching tool, teaching mathematics
with the use of information and communication technologies, animation and simulations
in science teaching, and the development of critical thinking.

The professional development programs for teachers in the field of ICT have seen an
increase in the number of accredited courses, as reflected in the Catalogues of Professional
Development Programs offered by the Bureau for Education Services and the Centre for
Vocational Education. However, there is a limited number of teachers who have undergone
education in this domain in the last decade.

Over the past 10 years, the Ministry of Education, Science, Culture, and Sport (MESCS)
has conducted various training courses. These courses are illustrated in Figure 4. These
training courses—primarily financed through the Instrument for Pre-accession Assistance
(IPA) funds or donations (from entities such as Microsoft, Oracle, and UNICEF)—have
played a crucial role in enhancing the ICT competencies of teachers and education profes-
sionals. Furthermore, in the last 10 years, the Ministry of Education signed a contract with
many worldwide-known companies offering their services to students and teachers, such
as Microsoft 365, Oracle Academy, and Cisco Academy.

Currently, higher education institutions in Montenegro are undergoing an intensive
process of digital transformation. Learning technologies and digital platforms are no longer
an afterthought; they are critical for teaching and learning. The COVID-19 pandemic forced
colleges, universities, instructors, and students to rapidly adopt digital services. Some
institutions were prepared for the shift; those who were unprepared had to catch up quickly
in this post-COVID period. The digitization of higher education is driven by and built
on digital technologies. It changes the educational landscape significantly, helping higher
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education institutions to operate most effectively, stay competitive in an increasingly digital
world, and prepare learners for the digital workplace. To date, there are four universities
in Montenegro: one state university, which is the largest (with 80% of students), and
three private universities. As of 2023, universities are at different stages and scopes of
the digitization process. All of them focus on digital learning in the higher education
context, as well as enhancing learner and instructor experiences. However, it is important
to note that no university has focused on creating new instructional models through
policies, planning, partnerships, and support. The process of digitization of education
at Montenegrin universities typically consists of ad hoc activities and is not adequately
organized, despite the fact that universities use a large number of different digital services.

Figure 4. Human capacity building in Montenegrin digital education over the past 10 years [23].

The digital transformation of Montenegrin Higher Education Institutions (HEIs) is
analyzed through seven aspects: (i) digital learning technologies; (ii) instructional modality;
(iii) personnel and support services; (iv) organizational policies and planning; (v) instructor
development; (vi) learner development; and (vii) partnerships [24]. Some universities in
Montenegro might already be in the middle of a transformation, while others might just
be starting.

1. Digital learning technologies. Digital learning technologies play a pivotal role in
digital teaching and learning, as essential tools across various instructional modal-
ities to actively engage learners [25]. Some commonly employed digital teaching
and learning technologies include the following: (i) learning management systems
(LMSs); (ii) synchronous technologies; (iii) multimedia applications; (iv) collaborative
applications; (v) cloud-based technologies; and (vi) emerging technologies (artificial
intelligence (AI), extended reality (XR), augmented reality (AR), virtual reality (VR),
analytics, and other) [24].

2. instructional modality. With the increasing availability of online courses in many
institutions and programs, students now enjoy a broader range of options [26]. They
can choose to complete courses and programs at their convenience, from any location.
The following is a list of common instructional modalities: (i) on-campus technology-
enhanced; (ii) hybrid/blended; (iii) asynchronous online; (iv) synchronous online;
(v) bichronous online; and (vi) HyFlex [24].

3. Personnel and support services. The growing prevalence of digital teaching and learn-
ing in various instructional modalities requires additional investments in support ser-
vices and personnel at universities and colleges [22]. Support, services, incentives, and
recognition motivate instructors to adopt innovative digital teaching methods. Some
of the personnel and support services are (i) instructional designers; (ii) technology
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support specialists; (iii) academic and student support services; and (iv) incentives
and recognition [24].

4. Organizational policies and planning. Administrators need to be equipped to spear-
head digital teaching and learning initiatives and provide support for overall teaching
and learning across various subject areas [21]. Leaders should persist in incorporating
research-based practices into their decision-making processes and recognize the value
of digital teaching and learning innovations across all facets, including (i) policies and
standards. Institutional policies and standards need to be set up for digital teaching
and learning; (ii) strategic planning is “the process of defining a strategy as well as
deciding on the resources that are allocated to pursue a strategy in order to achieve
firms’ goals”; (iii) funding models. Administrators should examine funding models
for different modalities; (iv) equitable learning opportunities [20]. Institutions should
ensure that students have the hardware, software, and internet access they need to
participate in online courses; and (v) overall, more policies are needed to support
digital teaching and learning.

5. Instructor development. Such programs are designed to enhance faculty members’
pedagogical and technological skills, as well as their understanding of accessibility,
intellectual property, and best practices in online teaching [27]. Investing time in
reassessing and implementing pedagogical best practices such as (i) pedagogical and
technological skills; (ii) faculty beliefs; (iii) accessibility and (iv) intellectual property
rights and copyright, which significantly improve the quality of online courses [24].

6. Learner development. Digital learning offers students diverse opportunities to ac-
quire knowledge through various modalities, preparing them for the future workforce,
where digital knowledge and skills are increasingly essential [27]. Success in digital
learning is facilitated by factors such as technology resources, effective time man-
agement and self-regulation, engagement, and help-seeking strategies, as well as
community building. Key elements contributing to the success of digital learners
include (i) computers and internet access; (ii) time management and self-regulation;
(iii) instructional content and people; and (iv) help and community building [24].

7. Partnerships. Collaborations with colleges, universities, professional organizations,
and external industries enhance digital teaching and learning initiatives by leveraging
the expertise of professionals in the field [26]: (i) collaboration with other universities;
(ii) collaboration with professional organizations; (iii) collaboration with industry;
and (iv) partnerships with colleges and universities [24].

An analysis of the digital transformation in Montenegrin higher education is shown
in Figure 5. To achieve the aggregated implementation scores, we collected data from the
University of Donja Gorica, the University of Montenegro, the Mediterranean University of
Montenegro, and the Adriatic University. Each university assessed each digital learning
discipline via a score between 0 and 5, reflecting the percentage of implementation at the
institution (0: 0%; 1: 1–20%; 2: 21–40%; 3: 41–60%; 4: 61–80%; 5: 81–100%). Data were
sampled every 3 years from 2006, and the resulting implementation score is the weighted
average (80%, 10%, 5%, and 5%, respectively), based on the distribution of the number of
students in Montenegrin higher education.

Generally, the digital transformation of the education system in Montenegro has
continually progressed at varying intensities. Montenegrin universities make significant
strides within the Partnership, predominantly owing to the Erasmus+ program and other
EU frameworks supporting the digitization efforts in HEIs. The growth of digital learning
technologies remains steady, largely attributable to numerous projects funded by both the
European Commission and the Ministry of Education of Montenegro. These initiatives
facilitate the acquisition of ICT equipment, aiming to enhance the capacities of HEIs. During
the analyzed period, learning development has shown a commendable level of progress,
primarily due to the exceptional circumstances brought about by the COVID-19 pandemic.
The necessity for HEIs to adapt led to the organization of online lectures through different
learning models. There was a notably inadequate level of progress observed in two crucial
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dimensions of digital transformation: organizational policies and planning, as well as
instructor development. The digitization process faced significant setbacks due to a lack of
strategic planning and the adoption of necessary policies and procedures at both national
and institutional levels. Moreover, the unstable political environment—marked by frequent
changes in government over the past four years—contributed to a dearth of sufficient
government support for this transformative process.
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Figure 5. The digital transformation of Montenegrin HEIs.

A pivotal role in advancing the digitization of higher education was played, thanks
to the Erasmus+ program, significantly contributing to the successful implementation of
this transformative initiative. In the preceding Erasmus+ cycle (2014–2020), Montenegro
was allowed to engage in 35 projects, comprising 8 coordinator projects and 27 partner
projects, within the Capacity Building for Higher Education program. As the new Eras-
mus+ program cycle unfolded in 2021—and is set to extend until 2027—an additional
23 Capacity Building projects, consisting of 5 coordinator projects and 18 partner projects,
were green-lit in the 2022 call. Many of these projects are strategically designed to lend
support to the ongoing digitization efforts within the educational system. Furthermore,
the Ministry of Science and Innovation played a crucial role by backing development and
innovation projects at Montenegrin universities during the preceding period. This support
was facilitated through a loan of EUR 15 million from the World Bank.

However, the Ministry of Education, Science, Culture, and Sport has supplied a minimal
amount of computer equipment to all educational institutions up to, but excluding, the
higher education level. The procurement of equipment for educational institutions did not
occur uniformly in the same year but extended over a five-year period, contingent upon the
timing of each institution’s implementation of the educational system reform. The number
of computers in each institution varies and is determined based on the school’s student
population. The age of the equipment ranges from 10 to 15 years, depending on the time
when the institution is equipped. In recent years, schools have been acquiring additional
equipment by using their own funds or through donations. The computer-to-student ratio
in primary and secondary schools (1:15) is notably low.
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Considering all the aspects mentioned in which we examined the digital transfor-
mation process of Montenegro’s educational system, it can be deduced that there has
been some progress in all areas. However, this progress is deemed insufficient, falling
significantly below the European average. Unless there is a notable change, Montenegro,
as a potential candidate for EU membership, will not attain the expected level of quality
in its educational system within the scheduled time frame. In the upcoming period, it is
imperative to concentrate on two critical facets of digital transformation: Organizational
Policies and Planning, as well as Instructor Development. Successfully implementing these
aspects will pave the way for a more efficient, balanced, and sustainable education system
in Montenegro.

5. Telecommunications and Internet

After gaining independence in 2006, Montenegro went through significant changes in
the sectors of telecommunications and internet technology. These sectors have played key
roles in modernizing society, improving the economy, and strengthening connectivity with
the world.

Since 2006, Montenegro has witnessed the rapid development of mobile telephony and
the internet. Mobile networks have become ubiquitous, and the number of mobile phone
users is constantly growing. This enabled citizens and business entities to communicate
and access information more easily, both in the private and business sectors.

One of the important steps in the modernization of telecommunications in Montenegro
was the privatization of state telecommunications companies. This opened the door for
foreign investors to enter, and brought new technologies and expertise to the sector. In
addition, market liberalization has contributed to increased competition, which is usually
favorable for consumers in terms of the price and quality of services.

Montenegro, as part of the pre-accession negotiations for joining the EU, opened
Chapter 10 (Information Society and Media) at the Intergovernmental Conference held on
31 March 2014 in Brussels. Within Chapter 10, the following areas are included: (i) electronic
communications; (ii) information society services; and (iii) audiovisual policy—of which,
electronic communications and information society services are covered by the Digital
Transformation Strategy of Montenegro. Chapter 10 brings numerous advantages to the
citizens of Montenegro, both for providers and users of services. The benefits of this chapter
are reflected in wide access to the internet, aiming to provide everyone, regardless of
physical distance, with fast access to the internet, encompassing electronic communications
(mobile and fixed telephony), a large array of electronic services aimed at more efficient and
faster procedures (such as company registration, appointment scheduling for inspections,
electronic identification), protection of minors from inappropriate content with mandatory
marking of programs suitable for various ages, and the promotion of national and European
cultural heritage and the like.

Regarding the development of electronic communication networks and infrastructure,
it is necessary to highlight the international agreements that Montenegro has signed. These
agreements commit Montenegro to fulfill certain obligations within certain time limits. In
that part, it is particularly important to emphasize (i) a memorandum of understanding
on the 5G plan for the digital transformation of the Western Balkan region; (ii) a roadmap
for reducing the prices of roaming services between the EU and the Western Balkans; and
(iii) a regional agreement on roaming. Thanks to this regional roaming agreement, roaming
was abolished in the countries of the Western Balkans starting from 1 July 2021.

Broadband development has also been key to the country’s digital transformation.
The increased availability of high-speed internet has contributed to the development of the
digital economy, supporting online business, distance education, e-government, and other
digital initiatives. Citizens of Montenegro now have access to numerous online services,
from electronic bill payment to online shopping.

According to data from the Agency for Electronic Communications and Postal Ser-
vices [28], internet infrastructure is experiencing continuous progress in the selection and
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availability of internet access technologies, as well as in access speed. Figure 6 shows the
progress of internet speed between 2015 and 2023 October.
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Figure 6. Internet speed in Montenegro between 2015 and 2023 October.

Data from February 2023 show that 77.93% of the territory of Montenegro is covered
by the 4G/LTE signal, and in relation to the population, it is 97.47%. The availability of
the 5G network is enabled on 10.35% of the territory of Montenegro, where 75.8% of the
population lives. The number of 5G network users in February 2023 was 32,131.

The state has invested in infrastructure and technology to improve mobile phone and
internet coverage, especially in rural areas. This contributed to a digital gap reduction
between the urban and rural populations.

However, according to the Human Development Report for Montenegro 2020—Reaching
a Digital Future for All [29]—digital access in Montenegro is unevenly distributed between
urban and rural areas (80% vs. 63%, respectively), between the north and the south of the
country (65% vs. 79%, respectively), and big differences can be seen in the use of the internet
by young people and those over 65 (99.6% vs. 72.8%, respectively). It should be noted that
according to MONSTAT data, on the level of use of ICT in households in Montenegro for
2023 [30], 81.3% of surveyed households stated that they have access to the internet at home.
In the five-year period, there was an increase in the number of households that had access
to the internet. In 2023, the percentage of households with internet access at home increased
by 7 percentage points compared to 2019 (from 74.3% to 81.3%). The difference in internet
usage between urban and rural areas decreased to 14%, from 85.9% in urban and 71.9% in
rural areas. Based on the same survey, people who said they used the internet in the last
3 months mostly did it every day or almost every day. The number of people who used the
internet in the last 3 months was 88.4%, of which 90.1% used the internet several times a day.
The results show that with an increase in income, the percentage of households with internet
also increases; 98% of users with an income of over EUR 600 used the internet, 88.2% with an
income between EUR 300 and 600, and 46.2% with an income below EUR 300. When it comes
to the territorial representation of the internet in households, it was the lowest in the north,
amounting to 69.5%, while in the southern region, it was the highest, amounting to 88.5%.
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According to the research on the degree of satisfaction among users of electronic com-
munication services [31], users not only utilize these services extensively but also express a
very high degree of satisfaction with their quality and prices across all market segments.
The percentage of users satisfied with the quality of fixed telephony services is 86.3%,
mobile services 85.8%, internet access services 87.9%, and AVM content services 86.1%.

In terms of legislation, Montenegro has been adopting regulations that support the
development of telecommunications and the internet, including laws on electronic commu-
nications, data privacy, and cyber security. All these changes have a significant impact on
the daily life of the citizens of Montenegro, from the method of communication to access to
information and the possibility of performing various business activities. Telecommunica-
tions and the internet play key roles in shaping the future of Montenegro as a modern and
connected society.

In 2023, 100% of surveyed companies had access to the internet, while 85.4% of
companies had a presence on the web [32]. However, it should be noted that having
a website—which is the case with most—is already a modern concept and requires ad-
ditional interaction with clients, such as an online shop or a chatbot. Of the companies
that have a website, 74.8% stated that they provide access to product catalogs and price
lists, while 66.1% have links or references on their social network profiles. The results of
the survey show that 22% of companies use a maximum speed of less than 30 Mbit/s for
internet access; 28.9% stated that they use an internet connection speed of at least 30 Mbit/s
but less than 100 Mbit/s; 27.7% reported using an internet speed of at least 100 Mbit/s but
less than 500 Mbit/s; while 21.4% of companies use an internet speed of at least 500 Mb/s.

The percentage of respondents who have never bought or ordered goods or services
via the internet is 51.6%, which represents a space for promoting e-commerce. According
to the report of the Global Innovation Index for 2023 [33], Montenegro was positioned in
75th place out of 132 on the list of world economies. The scores for the ICT infrastructure
indicator show a rank of 73/132.

6. Personal and Public Transportation

The significance of efficient transportation systems cannot be overstated, especially
in a small and occasionally rural country like Montenegro, as they play a pivotal role in
fostering economic growth, enhancing connectivity, and improving the overall quality
of life for the nation’s citizens. This chapter overviews the importance and significant
characteristics of personal and public transportation in Montenegro, tracing the progress in
digitization made during the 17 years of national independence.

Montenegro, spanning 13,812 km2, exhibits significant geographical diversity. Despite
its 293.5-km-long coastline along the Adriatic Sea, the country is predominantly mountain-
ous. The native name, “Crna Gora” or “black mountain” originates from Mount Lovćen in
the southwest. Montenegro’s terrain is characterized by 50 peaks exceeding 2000 m. The
highest peak, Zla Kolata at 2534 m, lies on the Montenegro-Albania border, historically
competing with Bobotov Kuk at 2522 m in the Durmitor mountain range. Despite its
extensive coastline and 17 islands, the average elevation remains high at 1086 m [34].

Montenegro grapples with the challenges posed by extreme topography, necessitating
increased investments and maintenance expenses, especially in developing railway and
road infrastructure. The subpar quality of the transportation infrastructure adversely affects
economic growth due to the poor quality, high cost of transportation, and inadequate safety
standards. Enhancing transport connections is critical to integrating Montenegro into
regional trade flows, fostering political cooperation, and strengthening interpersonal ties
by facilitating and enhancing the mobility of citizens and goods. However, they also
significantly impact transportation safety, social development, and the environment. While
a well-developed transport infrastructure stimulates economic growth, it also tends to
introduce persistent and adverse effects, particularly concerning environmental, health
considerations, and digital public administration [35], whether at the local, regional, or
global level.
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Given its coastal geography, navigating Montenegro by boat or ferry proves efficient
and offers a picturesque mode of travel. The country boasts numerous harbors strategically
positioned for optimal exploration, facilitating boat and ferry journeys along its coastline
and beyond its borders. Yacht trips are available for those seeking a luxurious experience
while gliding along Montenegro’s shores, providing a wealth of onboard amenities and
exceptional service. The standard car ferry route runs between Montenegro’s exclusive
ferry port in Bar and the port in the city of Bari, Italy, operating in both directions. As of
the 2019 season, a new form of public transport is also available. Two cutting-edge hybrid
trimarans will traverse Boka Bay, from Kotor through Perast and Tivat to Herceg Novi,
solely powered by solar energy. This initiative aims to alleviate road traffic congestion,
with the prospect of more eco ships anticipated [36].

Montenegro’s network of paved roads spans 1729 km in total. This figure encompasses
the recently opened 41 km segment of the Bar–Boljare motorway, inaugurated in July 2022,
enhancing the motorway link between Podgorica and Belgrade. As of the current writing,
this stands as the sole motorway section within the country. Within the paved road net-
work, there are 12 main roads, classified as highways, and an additional 31 regional roads.
In contrast, Montenegro also boasts 3548 km of unpaved roads [37]. Montenegro boasts
a total of 20 towns, each with populations ranging from 136,473 in the capital, Podgorica,
to 1073 in the smallest city, Andrijevica [38]. Podgorica showcases a coordinated system of
traffic lights, and certain areas feature smart traffic lights capable of real-time adaptation
to traffic conditions. Generally, the other towns are relatively small, often hosting only
one or two traffic lights and roundabouts, with few exceptions. Cars and motorcycles
dominate the country’s roads, constituting nearly 88% of the vehicles in use. The remaining
fraction includes less frequently utilized vehicles like buses, vans/minivans, and trucks.
This infrastructure brings Montenegro’s comprehensive bus network alive, interconnecting
all its cities, with some routes extending to neighboring countries. Private minibus tours
operate during the summer, offering an excellent opportunity for sightseeing as they cover
all of Montenegro’s landmarks. Utilizing taxis for transportation within Montenegro is
also a common alternative, and many taxi services offer fixed rates for commonly traveled
routes and destinations. Moreover, various providers offer car rental possibilities, but
occasional rough rides may be encountered as only a third of Montenegro’s roads are
paved. To help road transportation, the construction of two European standard highways
is underway, serving as vital links between Montenegro’s cities and neighboring countries.
An array of international standards has gained growing acceptance as fundamental mini-
mum specifications for vehicle manufacture and assembly. The WHO actively advocates
for the global adoption of these standards, which numerous countries now regard as es-
sential requirements for all vehicles. Regrettably, Montenegro’s regulations currently fall
short, as they do not implement any of the eight essential vehicle standards [39]. Similarly,
neighboring countries such as Bosnia and Herzegovina, Serbia, North Macedonia, and
Albania face a comparable situation. In contrast, countries in the broader region, includ-
ing Greece, Bulgaria, Romania, Hungary, Croatia, Slovenia, and Italy, have successfully
implemented all eight standards. Despite this, the safety of road traffic in Montenegro
is generally deemed satisfactory. As per the latest WHO statistics, Montenegro reports
a total of 65 road-related deaths annually, translating to an average of 10.7 deaths per
100,000 inhabitants each year [39].

The railway infrastructure in Montenegro comprises single-track rails of standard
width, encompassing three primary lines: (1) Vrbnica–Bar; (2) Podgorica–Tuzi state border;
and (3) Podgorica–Nikšić. The cumulative length of these three lines, including station
tracks, is 327.6 km, with 167.4 km electrified. There are 23 level crossings, where 19 are
equipped with signal-safety solutions, including automatic barriers and light/sound sig-
nals, while 4 have horizontal/vertical road signalization without barriers [40]. The railway
network density is 1.8 km per 100 km2, revealing an unsatisfactory state in terms of both
density and quality. This situation poses a perpetual risk of system-level vulnerability due
to the convergence of road and rail traffic within the same corridor, navigating challenging



Electronics 2024, 13, 2460 18 of 36

terrains. Operated by four main railway providers, Montenegro’s railways converge at key
stations such as Podgorica, Niksic, Tuzi, Bijelo Polje, and Bar. Presently, the sole railway con-
nection to another country is with Serbia through the Vrbnica–Bar line, which implements
a segment of the Belgrade–Bar railway traversing Montenegro. The temporal schedule
exhibits a notable degree of reliability; nevertheless, the qualitative attributes of the trains
manifest considerable heterogeneity. Certain trains evoke a reminiscent journey to the
1960s, while an alternative subset of trains unveils a surprisingly contemporary disposition,
featuring amenities such as bicycle racks and spacious, contemporary carriages.

Since gaining independence in 2006, Montenegro has undergone remarkable trans-
formations in its transportation sector, encompassing both personal and public modes
of conveyance. While Montenegro has achieved significant advancements in legal align-
ments and practical implementations, further adjustments are still necessary. These include
strengthening administrative and implementation capacities. Montenegro must also ensure
additional harmonization and effective implementation of social, safety, and technical
regulations for road transport. This involves meeting safety and security requirements in
the maritime sector and adhering to safety and interoperability regulations in rail transport.
Additionally, Montenegro needs to uphold standards for transporting hazardous goods
by road. Regarding the digitization of personal and public transportation, a legal frame-
work for intelligent transportation systems (ITSs) and an appropriate evolution path for
cooperative ITSs must be established in close cooperation with the EU.

The Law on Roads enacted in 2020 has laid down the legal framework for the im-
plementation of ITSs, a crucial prerequisite for aligning Montenegro’s legislation with
Directive 2010/40/EU on ITSs [41]. The equipment and functionalities within the Sozina
tunnel adhere to the pertinent EU Directive concerning tunnels and roads. Operational
control of the tunnel is centralized at the local control center located at Gluhi Do. As part
of the continuous highway construction on the Smokovac–Matesevo section (Route 4),
spanning a total length of 41 km, the installation of ITS equipment for traffic signalization,
highway control, and management is planned [42].

For its railroad transportation, Montenegro has incorporated the Interoperability
Directive of the EU into its legal framework. Nevertheless, the country currently lacks a
specific strategy exclusively dedicated to the European Rail Traffic Management System
(ERTMS) [42]. The Technical Specifications for Interoperability (TSIs) have been referenced
in the Interoperability Directive, and their integration into national legislation is anticipated
to occur gradually. Presently, ERTMS optical fiber has been deployed along the Bar–
Podgorica–Bijelo Polje railway line. Additionally, the Podgorica railway station is slated to
have ECTS level 1 equipment installed.

Regarding air transport, ITSs encompass innovative information, communication, and
sensor technologies employed to consistently enhance traffic safety and service quality.
Since achieving independence, Montenegro has become a participant in key international
umbrella institutions and agreements that are crucial for the security and safety of air
transport [42]. These institutions issue specific documents, such as annexes and publica-
tions, highlighting advancements in air traffic safety and security. Montenegro is obligated
to incorporate these instruments into its regulatory framework to align with global and
European criteria in this domain.

Montenegro has successfully incorporated Directive 2002/59/EC, establishing the EU’s
Vessel Traffic Monitoring and Information System (VTMIS), into its legislative framework [42].
The institutional oversight of the VTMIS system falls under the jurisdiction of the Ministry of
Transport and Maritime Affairs. As for Directive 2010/65/EU on the Maritime Single Window
system, certain elements have already been implemented through software, hardware, and
training. Achieving full compliance with the directive requires investments to establish the
Maritime Single Window information system. The initial phase of VTMIS implementation in
Montenegro, supported by the EU, involved the installation of sensors at three locations along
the Montenegrin coast. Data from these sensor sites are transmitted to the Control Centre,
facilitating maritime information exchange with other systems both within Montenegro and
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internationally (MARES, EMSA, etc.). The second phase includes the addition of closed-circuit
television (CCTV) sensors at existing VTMIS sites, new sensor installations at Lake Skadar and
Boka Bay, and the implementation of the “Single Window” information system (as per EU
Directive 2010/65) [42]. Furthermore, with EU assistance, plans are in place to enhance VHF
telecommunication coverage for vessel navigation on Skadar Lake and introduce AIS base
stations to monitor the movement of passenger boats on the lake. Despite limited initiatives
toward implementing ITSs in the transport sector, with VTMIS being a notable exception, only
a few ITS sub-systems are currently operational on road networks. A promising example here
is the published TSI for railways [43].

This poses considerable challenges to implementing C-ITSs in Montenegro. In the
EU, the Platform for the Deployment of C-ITSs emerged in 2014 under the auspices of the
EC services (DG MOVE). Its primary objective was to foster a shared vision among all
stakeholders in the C-ITS value chain. Building upon the outcomes, the EC adopted the
European Strategy on Cooperative Intelligent Transport Systems in 2016. Integral to this
strategy is the C-Roads platform [44], a flagship initiative involving European Member
States, road operators, and associated partners. This initiative focuses on testing and
implementing C-ITS services with cross-border harmonization and interoperability as its
main objectives. Since its official launch in 2016, C-Roads has demonstrated that C-ITSs
are now integral in everyday road user experiences, with significant benefits poised for
future exploitation. Through Europe-wide harmonization efforts and collaboration with
strategic partners like the CAR 2 CAR Communication Consortium (C2C-CC), ASECAP,
CEDR, EU EIP, and the EC, C-ITS deployments have covered 20,000 km of road sections
equipped with mature ad hoc short-range communication units (ETSI ITS-G5) [44]. In
proximity to Montenegro, C-Roads Core Member states such as Slovenia, Hungary, and
Greece, along with Associated Member Croatia, have made significant strides in C-ITS im-
plementation. Conversely, Montenegro is at a nascent stage in deploying ITSs. ITSs are part
of the country’s long-term goals, as outlined in the Transport Development Strategy until
2035 [42], and there are pilot projects for advanced ITS applications like fleet management
for the transportation of goods in Podgorica [45]. Montenegro has undertaken significant
strides toward digitizing its vessel registration process. Strategic initiatives in the realm
of road traffic underscore the nation’s commitment to implementing ITSs. This endeavor
involves the integration of “new and developing information technologies—computers,
sensors, communication systems, electronic devices, etc., with the aim of increasing the
safety, efficiency, availability, and sustainability of the traffic network” [46]. As part of
this initiative, electronic toll collection systems have been deployed on specific routes,
including the Sozina tunnel and the Bar–Boljare highway’s Smokovac–Mateševo section.
Prioritizing the facilitation of cross-border electronic data exchange among relevant state
authorities, clients, and ITS service providers is a cornerstone objective. Additionally, ef-
forts are underway to establish a comprehensive system for monitoring and regulating
public transport vehicles, alongside implementing a unified electronic ticketing system for
public transportation services [47].

Although these measures collectively signify Montenegro’s commitment to embracing
technological advancements to enhance its transportation ecosystem, they are sporadic and
without C-ITSs, which is not currently considered in the strategy for the next 13 years. It is
crucial to underscore that C-ITSs play a pivotal role in shaping the future of transportation,
particularly in terms of digitization. Digital technologies in personal and public trans-
portation are fundamental for improving efficiency, safety, and overall effectiveness. As it
navigates its strategic trajectory, Montenegro should not only consider the immediate ITS
needs, such as traffic safety at intersections and railway crossings, but also prioritize the in-
corporation of C-ITSs to harness the broader benefits of digitization. The lack of experience,
coordination structures, and information technology-related education in Montenegro’s
transport sector presents challenges that must be addressed to integrate ITSs successfully
into its road and rail networks.
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As the global landscape evolves toward digitized, smart, and interconnected trans-
portation, Montenegro’s recognition and inclusion of ITSs/C-ITSs in its strategies will be
essential for fostering innovation, enhancing safety, and ensuring a seamless digital future
in transportation.

7. Tourism

Tourism is one of the most important sectors of Montenegro. According to the Statisti-
cal Office of Montenegro [48], there were nearly 10 million overnight stays in 2021, roughly
95% of which was international tourism. While this number was merely 2.6 million in
2020 due to the COVID-19 pandemic, it was 14.5 million in 2019. Regarding international
tourism, the most frequent countries of origin among the tourists were/are Serbia, Bosnia
and Herzegovina, and the Russian Federation. The Central Bank of Montenegro reported
that travel tourism amounted to a total of EUR 757.81 million in 2021 [49]. Note that the
GDP of the country was EUR 4955 million in the same year [50].

The success of Montenegrin tourism is enabled by factors such as its favorable geo-
graphic position, its diverse natural resources, and rich cultural heritage [51]. The main
points of interest include Bar, Budva, Herceg Novi, Kotor, Perast, Tivat, and Ulcinj—all of
which are located on the coast of Montenegro. There are, of course, numerous places on
the mainland as well that significantly contribute to tourism, such as Andrijevica, Cetinje,
Kolasin, Mojkovac, Plav, and Žabljak—as well as Podgorica, the capital city of Montenegro.

Many forms of tourism are represented in Montenegro. Beyond beach tourism, the
country also offers sports, nature, nautical, rural, cultural, health, wellness and spa, agri-
cultural, gastronomic, and MICE (meetings, incentives, conferences/conventions, exhi-
bitions/events) tourism [52–54]. The significance of beach tourism is well reflected by
the location-based distribution of the annual overnight stays. In 2021, a total of 94.7%
was in coastal towns, while only 2.1% and 2% were in the mountains and the capital city,
respectively [55]. Moreover, the most popular destination was/is Budva, which is well
known for its beach and is favored by both domestic and international tourists. Budva
alone contributed 28.3% of all the annual overnight stays in 2021, albeit the Montenegrin
beach season is concentrated in two months (July and August) [51].

Historically, since gaining its independence in 2006, tourism has always been one
of the country’s leading industries. Additionally, it needs to be highlighted that in 2007,
Montenegro was considered to have the fastest-growing tourism industry worldwide [51].
The GDP of Montenegro in 2007 was EUR 2807.9 million overall, 3.3% of which was the
share of tourism [56]. As a reminder, this share was over 15% in 2021. More than a million
tourists arrived in 2007, resulting in well over 7 million overnight stays [57]. Mass tourism
and real estate investing dominated Montenegro’s tourism industry during its early years of
independence. Therefore, it is not a surprise that most of the visitors were from neighboring
Serbia as well as Bosnia and Herzegovina. Moreover, Russian citizens started acquiring
real estate in Budva, which is rightfully referred to as the “metropolis of Montenegrin
tourism” [57].

Employment in the tourism industry also increased significantly. In 2007, the employ-
ment growth rate was 27%, which means that about 15,400 people were employed in the
tourism sector. The stagnation of tourism was evident in the year of the global financial
crisis in 2009 when the growth rate of tourist arrivals was merely 1.69%. However, the same
values in 2010 and 2011 were positive and continued on an upward trend until 2020—the
first year of the COVID-19 pandemic [58].

The candidature for membership in the EU was an additional incentive for the country
to turn to the Western market, so the number of guests from EU countries started increasing.
The opening of the airlines made the country more accessible by air, and on the ground,
it was made possible by the reconstruction of the main road, Cetinje–Budva, in 2018, and
by the construction of the highway to the north, which was finished in 2022. An intensive
advertising campaign in foreign markets, an extension of the season, the entry of world
brands into the Montenegrin market, and a growing interest among foreign tourists in the
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north have all contributed—and continue to contribute—to a positive trend in the tourism
economy of Montenegro [59].

Tourism development results would not have been viable without specific strategies
by the Government of Montenegro. The first Montenegro tourism development strategy
adopted after gaining independence covered the period from 2008 to 2020. It was preceded
by the human resource development strategy for the tourism sector and a spatial plan for
the special needs of the coastal area [60]. The following tourism development strategy is
focused on the current period between 2022 and 2025, followed by the country’s digital
transformation strategy (2022–2026), confirming the importance of tourism’s digitization.
The tourism development policy included the law on tourism and hospitality (2018) and
several accompanying laws (law on tourist organizations; law on residence tax; law on ski
resorts; law on mountain paths; rafting law) [60]. Smart specialization included tourism
through the smart specialization strategy (2019–2024) and the operational program for
implementing the smart specialization (2021–2024).

The law on tourism and hospitality—which was introduced in 2018 as mentioned
above and is currently in effect—specifies the advertising and promotion of tourism,
which covers the use of electronic media and digital platforms, as well as QR codes [61].
Additionally, the law addresses tourist agencies and enables them to conduct business
(i.e., to offer their services to customers) exclusively online, as well as to keep a guest book
that is online only.

The current law in Montenegro does not specify mandatory digital service require-
ments (e.g., free WiFi at hotels). It regulates the digital data exchange between state
authorities, local administration, local bodies of the government, tourist organizations,
providers of tourists, and hospitality services. However, nothing in relation to local digital
services is regulated in general. Yet this only applies to the current law in effect and not to
the supporting documents and handbooks.

It needs to be highlighted that the classification of touristic facilities in the rule book on
types, minimum technical conditions, and categorization of hospitality establishments [62]
does mandate specific requirements. First of all, according to the rule book, accommo-
dation can be either a hotel (including the most expensive, luxurious hotels), small hotel
(i.e., boutique hotel), hotel garni (i.e., hotel without its own restaurant), apartment (or apart)
hotel, motel, guest house, or inn. For 3-, 4- and 5-star hotels, it is mandatory to provide
WiFi coverage within the entire premise of the hotel—yet it is not specified whether access
should be free or not—and for 1- and 2-star hotels, WiFi coverage is obligatory only for the
reception area and the restaurant, but not for the rooms. In contrast, in the classification
published in 2013 [63], the provision of WiFi was not among the requirements. For all
hotel types, the (bed)rooms must be equipped with telephone service. For 5-star hotels,
telephone end-user devices must also be included in the bathroom. Regarding television,
at least one device must be provided in a designated television room, or one television
per accommodation unit, regardless of hotel type. Cable television is mandatory for 3-,
4- and 5-star hotels. Additionally, 4- and 5-star hotels must provide separate televisions
for bedrooms and living rooms. Regarding room temperature adjustment, the rule book
specifies that the related equipment must have a digital interface, but this is only mandatory
for 5-star hotels. As for entrance to accommodation, doors with an electronic opening
system are obligatory for 4- and 5-star hotels, as well as for 4- and 5-star boutique hotels
and 5-star apartments.

Moreover, there are also guidelines that support the provision of touristic services. For
example, for any type of hospitality facility, devices that may be used for playing music
are to be equipped with volume limitations (i.e., components that constrain the maximum
sound volume of the device) [61].

The current version of the proposal for a new law on tourism [64] is at a state that
may be subject to revision, and its estimated dates for parliamentary vote and national
adoption are not known at the time of writing this paper. Based on what is available, the
differences between the current law and the proposal mainly relate to presentation quality
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(i.e., phrasing, structure, and clarity in general). However, there are certain differences in
the level of relevant content as well. For example, the new law would expand the methods
of contract modification (e.g., via email).

Regarding future strategies, while the digital transformation strategy for the following
3 years [65] does highlight tourism as a key sector, no tourism-related action is specified. The
program of economic reforms between 2022 and 2024 [66] focuses on green tourism. In this
context, green tourism refers to sustainability; essentially increasing the capacity of “green”
(i.e., environmentally friendly) accommodation and diversifying the touristic product.

8. Agriculture

Digital agriculture (also known as smart farming) refers to the integration of modern
technologies and data-driven solutions into various aspects of agricultural practices to
improve efficiency, productivity, and sustainability. This involves leveraging technologies
such as the Internet of Things (IoT), sensors, data analytics, machine learning, and au-
tomation in order to enhance decision-making and optimize agricultural processes. Six
technologies are particularly interesting in the area of agriculture:

• The Internet of Things, because decisions need data collection through sensors and
connected objects (e.g., smart hives);

• Cyber-physical systems, which consist of a set of primordial principles that allow
defining the hierarchy of decision-makers and a decision cycle;

• Big data, as data are the most important things on which decisions are based;
• Cloud computing, which refers to the delivery of resources and services on demand

over the internet (i.e., the access to data from different resources and high computing
power via the internet); thus, it is an important computing step that facilitates the
deployment of intelligent systems;

• AI, which is a powerful tool that can be used to help users in the process of
making decisions;

• Autonomous systems, which involve advanced technologies and robotics to perform
various tasks on farms without human intervention.

Montenegro’s transition to digital agriculture presents an opportunity to modernize
the agricultural sector, increase productivity, and contribute to rural development. By
strategically integrating the technologies above, Montenegro can position itself as a leader
in agricultural innovation while addressing local challenges and contributing to global
food security.

The area of Montenegro [67] is 13,812 km2, 2.6% of which is water, with a total
GDP of USD 4.84 billion in 2019 (8% of the GDP comes from agriculture). EU accession
negotiations with Montenegro were launched in June 2012, with agriculture and rural
development opened in December 2016. Moreover, 38% of the total area is used for
agricultural land which accounts for roughly 517,000 ha. Of those 517,000 ha, 13.7%
(70,829 ha) are arable land. Throughout history, agriculture has played an important role in
Montenegro, especially in rural areas, in order to reduce poverty. The average agricultural
land per farm is 4.6 ha, accounting for all farms within the territory, 72% of all farms, and
farm agricultural land with an area smaller than 2 ha. Over 60,000 households located
in rural parts of the country derive some or all of their income from farming. With the
starting preparations and transformation of various areas, the agricultural sector required
transformation from a net importer to a high-quality yet low-cost export producer to gain
access to international markets.

Montenegro is rich in diverse landscapes and climatic conditions. The climate ranges
from continental and Mediterranean to mountainous, allowing various crops and veg-
etables to be planted. One major agricultural sector is beekeeping. In 2016, there were
2533 farms with 50,024 beehives (20 hives per farm). The average annual yield of honey
was between 300 and 500 tons. Another sector is viticulture (wine and table grapes), which
accounted for 0.87% of the GDP in 2016, being the most important export product of the
food processing industry. Moreover, 4512 ha of vineyards produce an estimated 40 million
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kilograms of grapes annually, with a wide variety of grape types (counting 496 different
types). With its rich climate zones, Montenegro grows olives and citrus fruits near the coast
to seasonal vegetables and tobacco in more centralized parts of the country [67]. Mon-
tenegro’s farmers own 12,077 ha of orchards; 18,872 ha is used for vegetable crops, which
produced 39,082 tons of fruits and 26,161 tons of vegetables in 2012. In addition to crop
farming, livestock is another large sector in agriculture, with 32,675 holdings. The biggest
part of livestock production comes from ruminants such as cows (6790 tons), sheep and
goats (3030 tons). Pork and poultry account for 3170 tons and 3030 tons, respectively [68].

In 2006, the situation regarding farming land was similar to today’s situation explained
above. One major point of difference was that grassland and pastures were not used
adequately. In the past, the country did not use its full farming potential, and rural
markets and direct sales were the prominent factors of distribution. Commercial market
production—with the exceptions of the wine and milk sectors—was just starting. With
its application for admission to the EU, Montenegro has begun to adapt its agricultural
processes and transform toward high-quality, low-cost exports.

With the help of the MIDAS (The Montenegro Institutional Development and Agricul-
ture Strengthening Project) project, running from 2009 to 2019—and renewed for a second
project called MIDAS2—the country started to transform and modernize agriculture in
a manner consistent with the EU’s pre-accession requirements.

MIDAS supported farmers in various fields and helped to achieve the following
results [69]:

• The Ministry of Agriculture and Development integrated EU IPARD-compatible (the
Instrument for Pre-accession Assistance for Rural Development programs (IPARD))
rural development measures into support programs to enhance the competitiveness
of the sector;

• A total of 6337 people—including 1077 women—directly benefited from the project
with improved agricultural services;

• A total of 1511 clients adopted an improved agricultural technology;
• A total of 278 agricultural households adopted agro-environmental measures;
• Critical food safety system elements were upgraded in EU-compliant manners;
• A total of 2142 ha of land adopted sustainable land management practices;
• A total of 98 applications were made to food establishment grants, with 68% completed

successfully;
• A total of 658 commercially oriented ago-holdings were established;
• Agricultural census was implemented with its results disseminated;
• The Bar Border Inspection Post with veterinary and phytosanitary controls

was established;
• An integrated farm register was built, which registers farms electronically;
• Procedures for the classification of food establishments and annual control plans were

completed according to EU standards;
• The Veterinary Diagnostic Laboratory in Podgorica was accredited in 16 ISO 17025 [70]

analysis methods;
• A total of 6678 client days of training was provided, including for 11,014 women;
• A total of 98.3% of targeted beneficiaries were satisfied with the timeliness and trans-

parency of payout of EU-compatible direct payment;
• A total of EUR 6,502,733.10 in grant funds was disbursed, and EUR 7,700,000 in

IPARD-like grant funding was awarded.

Those results led, first of all, to the modernization of agricultural holdings and brought
digitization to processes through the use of more modern machines, which started to collect
more precise data and were capable of data transmission.

Montenegrin agriculture remains largely dependent on manual farming, with tech-
nical and technological solutions being poorly explored, while at the same time, it has
a strong ICT sector. The Viral project [71] aims to bring agricultural education and training
to both formal and informal settings. ICTs can help the agriculture sector regarding reg-
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ulatory policies, agricultural extension advisory services, market access, food safety, and
disaster management.

Another project working closely with the Viral project is the DIPOL project [72]. Within
this project, several workshops were held to help with digitization in agriculture. The
workshops and solutions ranged from smart packaging to IoT-based water management, a
food hub center of excellence, and blockchain and food supply.

The Food and Agricultural Organisation of the United Nations (FAO) and the Eu-
ropean Bank for Reconstruction and Development (EBRD) [73] started a joint venture to
support backward linkages between smaller-scale producers and the hospitality sector in
the Western Balkans region, including Montenegro. This allowed seljak.me—a marketplace
of the agrifood sector—to modernize their online presence with regards to currently avail-
able best practices. The central platform was scaled and included an online marketplace.
In addition, the platform includes a knowledge-sharing service that is accessible to all
agricultural producers.

With the progressive modernization of agriculture, digitization is becoming an in-
creasingly important factor. One technology that is interesting to Montenegro is precision
agriculture. With the help of GPS, sensors, IoT, ICT or robotics, plants, and livestock receive
precisely the treatment they need. This impacts not only the decision-making process but
can also help at farm-level optimizing processes. The resulting precision allows the best
approach to be determined—not only for a complete field but also for individual plots.
This is achieved by using sensors to collect data directly from the plant or soil. Decision
models determine the state of the crop/soil and if there are any deficiencies and determine
the best treatment [74].

Precision farming also includes crop management by observing the soil and all patches
of a field; moreover, algorithms can determine the best land to plant which crop. This
allows us to plan better and switch crop planting always to have the crops on the best
possible land. For example, soilless farming using nutritious water can be essential when
providing food to a growing population. As shown in [75] IoT devices monitor the pH
level, temperature, water flow, and other essential factors to optimize crop yield.

Using data from various sources can help to increase productivity and make crops
resilient against possible environmental factors. Employing satellite imagery, AI, and ma-
chine learning enables the identification and assessment of crucial indicators for informed
decision-making in agriculture [76]. All the collected data are used to generate ready-to-use
insights, helping decision-makers or even making the decision themselves.

AI has great potential to predict weather patterns for better activity planning and
catastrophe protection. Autonomous farming vehicles can help with precision farming and
apply pesticides and fertilizer. This helps to reduce the associated costs and environmental
pollution, as well as saves water by planning better water irrigation systems, and through
detailed weather forecasts, saving water when rain is in sight [77].

To be able to process all this information and also to be able to plan properly, software
is needed. A notable example of such is 365FarmNet [78]. There are several versions
available at different prices, including a free version. Such software helps to collect and
provide information about the arable land index, general stock management, farm-specific
basic weather, graphic farm maps, interactive annual calendars, and many more. The
software is also a helper for precision farming by providing satellite data for sowing and
fertilization, soil sampling, and lane planning.

The scientific literature on “smart agriculture” has grown significantly in recent years,
with numerous publications exploring various areas and solutions. A Scopus analysis
revealed 3205 publications on “smart agriculture” in the past two years alone. Europe
was mentioned in 23 of these publications, while there were no results for Montenegro.
Combining “smart agriculture” with “blockchain” yielded 169 publications for the same
period. Surveillance in smart agriculture had 54 publications, energy-efficient IoT systems
had 38, and contamination detection had 22. Crop monitoring and health management
garnered 72 publications. The importance of deep learning systems in smart agriculture is
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underscored by 448 publications under the search terms “smart agriculture” and “deep
learning”. Adding “automation” to the search terms resulted in 43 documents. Risk man-
agement in agriculture produced 202 results, and risk management for disaster prevention
had 16 publications.

Future trends such as carbon farming in Europe were discussed in 5 documents and 110
globally. Another important trend, biodiversity in Europe, was covered in 2066 publications.
Data-driven farming in Europe has 6 publications and 313 globally. Drought resistance
was the subject of 11 studies mentioning Europe and 812 globally. Water management for
farming in Europe was mentioned in 4 publications and 662 globally. Publications about
indoor farms specifically mentioning Europe included 1 publication and 54 globally.

Europe’s milder climate may contribute to its lower prominence in smart agriculture
developments, which often target regions with extreme weather, such as Southeast Asia.
However, with climate change, areas like crop management and risk management will
become increasingly important, even in Europe. The number of publications on smart
agriculture was strong in 2023, with 1469 publications. The year 2024 already has 562 publi-
cations at the time of writing this paper. From 2022 to 2023, the number of publications
nearly doubled for all search terms.

9. Energy and Sustainability

A reliable power supply is a fundamental prerequisite for the economic and industrial
development of modern society. The importance of an independent and competent elec-
tricity sector has been particularly evident in the last two years when Europe faced record
electricity prices due to geopolitical events. The main priorities of the Montenegrin energy
policy include the following [79]:

• Reliable, high-quality, and diverse power supply;
• Development of a liberalized, competitive, and open electricity market; and
• Sustainable energy development with environmental protection, increased energy

efficiency, and increased use of renewable energy sources.

This section provides an overview of the electricity sector in Montenegro and considers
its role in its socio-economic development.

According to the energy balance for 2022, power plants with a total installed capacity
of 1049.71 MW contribute to the coverage of electricity consumption in Montenegro [80].
Let us first review the main generation capacities of the country by technologies.

With a share of 704.14 MW (67.08%), hydropower plants occupy a central place in
the Montenegrin generation mix. The Piva hydropower plant accounts for the largest
share of the total installed capacity of hydropower plants. The Piva hydropower plant
has been in operation since 1976, and due to its rapid start-up capability, it plays a role
primarily in power generation to cover peak loads. The total installed capacity of the Piva
hydropower plant is 342 MW; in 1978, it achieved a record production of 1286 GWh. In
addition to the Piva hydropower plant, the Peručica hydropower plant is also essential
to the power system of Montenegro, and it is the oldest large power plant in the country,
built as early as 1960. The Peručica hydropower plant is a run-of-river and storage power
plant that uses water from the Zeta river basin, as well as the Krupac and Slano reservoirs.
The total installed capacity of the seven generation units of the Peručica hydropower
plant is 307 MW, with a record production of 1435 GWh in 2010. In addition to the
large hydropower plants, Montenegro also has a significant number of small hydropower
plants, the largest of which are Vrbnica (6.75 MW), Bistrica (5.6 MW), Jara (4.568 MW),
and Glava Zete (4.48 MW). In addition to the existing hydropower plants, several projects
are currently underway in Montenegro for the use of water from small and large rivers.
First and foremost, the Montenegrin Electric Power Company is currently in the process of
preparing technical documentation for the Komarnica hydropower plant, with a planned
installed capacity of 171.9 MW and a potential annual generation of 213 GWh. As the
Komarnica hydropower plant will have rapid start-up capability, it will play an important
role in balancing the Montenegrin power system. The energy development strategy of



Electronics 2024, 13, 2460 26 of 36

the country also envisages the use of the hydropower potential of the Morača River [81].
Unfortunately, the construction of hydropower plants on the Morača River has met with
strong public opposition due to threats to biodiversity, the Morača Monastery, and the
Ðurd̄evina landslide. Hence, the future of this project is somewhat uncertain. In addition
to the large hydropower plants, the small Otilovići hydropower plant with an installed
capacity of 3.1 MW is expected to be commissioned during the second half of 2024.

Of the fossil fuel-based production capacities, only the Pljevlja thermal power
plant—commissioned in 1982—is currently operational in Montenegro. The installed
capacity of the Pljevlja thermal power plant is 225 MW, which is 21.43% of the total in-
stalled power plant capacity in the entire country. Although its share in the total electricity
generation in Montenegro is up to 50%, the achievement of the net zero greenhouse gas
emission targets of the EU will require the permanent shutdown of the Pljevlja thermal
power plant. Several unrealized projects are related to the existence of the Pljevlja thermal
power plant, from the construction of a second unit to the district heating supply of Pljevlja.
Another current issue is the legal proceedings initiated by the energy community against
Montenegro, as the Pljevlja thermal power plant exceeded the number of operating hours
specified in the Large Combustion Plant Directive [82].

Two wind farms are currently in operation in the Montenegrin power system: Krnovo
and Možura. The Krnovo wind farm is the first large wind farm in Montenegro, which
was commissioned in 2017. It consists of 26 wind turbines with a total installed capacity
of 72 MW. On the other hand, the Možura wind farm was commissioned in 2019, and it
consists of 23 wind turbines with a total installed capacity of 46 MW. Thus, the share of
wind farms in the total installed capacity of power plants in Montenegro is 11.24%. Despite
the relatively low capacity factor of wind farms compared to conventional power plants,
the share of wind farms in the total electricity mix in Montenegro was 8.7% in 2021. Even
though Montenegro largely relies on the Pljevlja thermal power plant to supply consumers,
after the commissioning of the Krnovo wind farm in 2018, Montenegro achieved a 38.8%
share of renewable energy in final consumption [83]. This exceeded the target of 33% from
the National Action Plan for the Use of Energy from Renewable Sources [84].

In the field of solar energy utilization, no central power plant has been built in Mon-
tenegro thus far. However, considering the transmission and distribution network develop-
ment plans, it is expected that in the next few years, numerous solar power plants with
an installed capacity of 5 to 15 MWp will be completed. In addition to these, three large
solar power plant projects are in the planning stages: Montečevo (450 MWp), Briska Gora
(250 MWp), and Velje Brdo (50 MWp). It is important to note that due to the high demand
for solar power plant equipment, especially solar modules and substations, the realization
period for these power plants will be slightly longer than planned. In addition to commer-
cial power plants, it should be emphasized that the construction of smaller solar power
plants on the roofs of residential and commercial buildings has increased significantly in
Montenegro, mainly due to the numerous financial support programs. Nevertheless, the
share of solar power plants in the total installed capacity of power plants in Montenegro is
only 0.24%.

Energy balances contain annual data on production, stocks, imports, exports, conver-
sion, and the distribution of all relevant energy sources. Energy balances thus provide
a starting point for analyzing the current situation and making forecasts for the future
development of the energy sector. Figure 7 shows the electricity balances of Montenegro
for the period from 2017 to 2021. As can be observed, due to the dominance of hydropower
plants in the generation mix, the generation capacity largely depends on hydrology. Thus,
in 2017, Montenegro achieved a production deficit of 1121 GWh, while in 2018, there was
a surplus of 274 GWh. In hydrologically unfavorable years, such as 2017, the generation
deficit amounted to more than 30% of gross electricity demand. With record prices achieved
on European power exchanges in 2022, the financial impact of power imports is incom-
parably higher than before. For this reason, activities to build new production capacity
must be intensified in order to minimize the dependence on imports and to ensure the
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security of supply. Due to the suspension of primary production processes at the aluminum
production plant in Podgorica, the total electricity demand in Montenegro is expected to
decrease by 15% in 2022. If the construction of new generation capacities proceeds at the
planned pace, Montenegro is expected to become a net exporter of electricity, assuming
average hydrology.

Figure 7. Montenegrin energy balance from 2017 to 2021.

Montenegro has embarked on a transformative journey in its energy sector. The coun-
try’s energy mix—previously heavily dependent on fossil fuels—is undergoing a strategic
shift toward sustainable and renewable energy sources. While the hydrological dependence
of the energy sector is a challenge in years of unfavorable hydrology, investments in wind
and solar energy offer a glimmer of hope. With steadily increasing contributions from wind
energy since the commissioning of the Krnovo and Možura wind farms and an impressive
pipeline of solar projects such as Montečevo, Briska Gora, and Velje Brdo, Montenegro is
positioning itself at the forefront of green energy in the Balkan region. Despite the initial
slow uptake of solar energy, there is significant momentum, particularly in residential
and commercial installations. This distributed generation promises not only energy self-
sufficiency for consumers but also diversification of the national energy mix. The energy
balance charts in recent years highlight the country’s dependence on imports, especially in
years of low hydropower production. However, with the planned expansion of renewable
energy capacity and the expected decrease in consumption due to changes in the industrial
landscape, Montenegro is on the path to a more independent and sustainable energy future.
By 2025, under average hydrological conditions, Montenegro might not only achieve energy
self-sufficiency but it could also emerge as a net exporter of electricity.
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10. Administration

The restoration of independence in 2006 presented Montenegro with both opportuni-
ties and challenges, particularly in the realm of public administration. Complex and robust
bureaucratic systems were to be re-established, procedures and legislation readopted and
appropriated, and services previously conducted on the federal level installed within the
independent country. As challenging as these processes were, the circumstances offered an
opportunity to update policies based on the possibilities provided by digitization. Addi-
tionally, as the Euro-Atlantic integration represented the central thread of public policies
since 2006, digitization was vastly endorsed as an enabler of better public administration.

Proposals of policies and activities were originally delegated to the Ministry of In-
formation Society in 2009. This period was highly influenced by the stabilization and
association agreement between the European communities and their member states of the
one part and the Republic of Montenegro of the other part [85]. Strategies and action plans
adopted in the period after the agreement had to comply with it fully. The government of
Montenegro authorized the Ministry of Information Society to design and implement the
public administration reform strategy [86], which was conducted in 2011 and proposed
a series of actions for the following 5 years. Consequently, within the proposed period,
development was intensive and dynamic. As a key infrastructure project, the e-government
portal of Montenegro [87] was published in 2011, with 12 online services available for
citizens. In 2018, there were 564 services on the portal, provided by 50 institutions, most of
which were related to citizens, followed by services related to legal entities [88].

A similar approach to the process of digitization of public administration has been
used ever since. The government established a strategic framework while reinforcing
actions through the adoption of the related laws. The previously mentioned strategy was
followed by the following:

• The Strategy for the Information Society Development (2016–2020) [89];
• The Public Administration Reform Strategy in Montenegro (2016–2020) [90];
• The Cyber Security Strategy of Montenegro (2018–2021) [91]; and
• The Montenegro Digital Transformation Strategy (2022–2026) [43].

The legal framework was enforced by the law on e-government [92], the law on digital
identification and digital signature [93], the law on digital documentation [94], and the law
on information security [95]—as key enablers for modern administration infrastructure.

The process of digitization in general—with an additional accent on information soci-
ety and public administration—was monitored by the EU through Chapter 10 of Accession
Negotiation. Unfortunately, since the opening of the chapter in 2014, progress was consid-
ered “limited” in all of the reports (2020 [96], 2021 [97], and 2022 [98]). Additionally, the EU
recognized an issue concerning the lack of interoperability of various IT systems within
the public administration sector, especially concerning public financial management. The
reports emphasized efforts toward paperless administration and programs for attracting
digital nomads; however, the overall status of digitization is yet to be on an adequate level.

Based on a recent research conducted in January 2023 [99], citizens did not recognize
efforts and activities in this regard enough or were recognized as dissatisfying. The
research concludes that traditional public administration services are still dominant and
are significantly more preferred than digital services. The survey showed that only 7.7% of
the respondents were familiar with e-services. In contrast, others were partially informed
(45.4%), heard about the services but were not familiar with them (37.8%), or never heard
of the services at all (9.1%). There are additional findings that may cause concern as well.
When asked why they decided not to use e-services, the majority of respondents answered
that they did not need it (54.6%) or they did not know about its existence (24.1%). Technical
knowledge in terms of digital literacy represented an issue for 18.6% of the individuals.
At the same time, 17.9% did not trust the systems to finish the work, and 21.6% of people
answered they preferred physical contact rather than electronic services.

The current vision of public administration digitization relies vastly on political factors
and policies, as well as the stability and vision of the importance of the topic, which provides
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little to no space for predictions of the future status of the field. Therefore, the strategies
and legal frameworks provided within this section are potentially the only landmarks for
the digitization of public administration.

11. Discussion on Future Trends

In this section, an additional discussion on future trends is provided. Although
most sections separately address future trends, there are predicted and planned changes
that need to be covered in more detail in order to provide a comprehensive analysis of
regional development.

One of the key directions for future joint actions at the national level of Montenegro
relies on digital innovation hubs—vital for enabling digital transformation, supporting
small- and medium-sized enterprises (SMEs), fostering innovation, and promoting eco-
nomic growth. Therefore, a key DigNest project [1] result is the newly established Digital
Academic Innovation Hub [100], which can provide essential resources, expertise, and
networking opportunities that help businesses and regions thrive in the digital age. As
being in line with priorities defined at the national level, the fields of health and agriculture
are at the primary level, while still keeping the other areas within the scope of actions.

Future trends in European agriculture will be influenced by a blend of technological ad-
vancements, environmental challenges, policy changes, and shifting consumer preferences.
The key trends anticipated to impact the sector include carbon farming, which consists of
a collection of practices influencing soil carbon sequestration such as cover cropping or
no-till farming. A recent study [101] underscores the considerable environmental effects
of on-field emissions from fertilizers and pesticides in rice cultivation, stressing the need
for precise estimation methods. It suggests that adopting sustainable practices—such as
incorporating straw into the soil—can enhance soil organic carbon levels and help mitigate
climate change impacts in Mediterranean wetlands like L’Albufera in Spain. Another
study [102] examines the potential of carbon farming strategies in organic vegetable cul-
tivation to reduce greenhouse gas emissions and enhance sustainability by maximizing
carbon sequestration and minimizing carbon emissions. It highlights the importance of
implementing nature-based solutions and sustainable land management practices to trans-
form agricultural systems into effective carbon sinks. The future of agriculture in the EU
as well as in Montenegro involves biodiversity, which is in constant danger. The work
of Terreira et al. [103] addresses the status, causes, and consequences of soil degrada-
tion in the European Mediterranean region, emphasizing the need for a comprehensive
understanding of the various degradation processes, including physical, chemical, and
biological factors. It highlights the importance of establishing a harmonized soil monitoring
system to track spatial and temporal changes in soil degradation, supporting decision-
making, and sustainable development goals in the region. The systematic literature review
by Schils et al. [104] on permanent grasslands in Europe underscores the significance
of low-intensity grassland management in optimizing essential ecosystem services. By
analyzing over 70,000 papers since 1980, the study highlights the necessity of supporting
sustainable permanent grassland systems and policies to maintain the multi-functionality
of these ecosystems. The conflict between Russia and Ukraine is threatening biodiversity
and has consequences around Europe [105,106]. With droughts and climate change, water
management has become increasingly important. As indicated by recent work [107], the
mean total nitrogen content in the water of the Vistula old riverbeds was approximately
8.6 mg/dm3. Additionally, the concentration of chloride in the Biebrza floodplain lakes
was significantly lower than that in the tested lakes, with an average of about 11 mg/dm3.
Further research for future technologies are as follows: data governance [108], discussing
data ownership; sustainable development for organic planting [109]; concepts of hydro-
ponic farms [110]; the EU-funded RELACS project on the prevalent use of contentious
inputs such as copper, mineral oils, and antibiotics in organic farming [111]; or the EU-
funded ECONUTRI project, addressing environmental impacts caused by inappropriate
fertilization and farming practices [112].
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Furthermore, to the general trends in research, the EU with Horizon 2020 devised
a plan for the digitization of the European agricultural sector [113]. It is set to revolutionize
the industry, enhancing efficiency, sustainability, and competitiveness. Technologies like AI,
robotics, IoT, and 5G offer significant support to farmers and agribusinesses, streamlining
the value chain and fostering better communication among stakeholders. This also creates
opportunities for innovative SMEs to thrive. However, digitization can create a divide
between those with and without access to advanced technologies. To ensure inclusivity,
policymakers, industry leaders, and technology providers must collaborate to promote the
benefits of digitization and support farmers with training, resources, and incentives. This
can improve the sustainability and profitability of farming while addressing food security
and climate change. IoT technology, in particular, transforms agriculture by providing
real-time data on environmental and machine conditions. This aids in precision farming,
leading to higher yields and reduced waste. Additionally, IoT allows remote monitoring of
crops and livestock, reducing labor costs, and ensuring animal health and safety.

To align Montenegro’s agriculture with EU laws, significant changes are imperative
across various fronts. This includes implementing stringent food safety and quality stan-
dards, promoting sustainable farming practices to mitigate environmental impact, ensuring
adherence to animal welfare regulations, and fostering rural development. Montenegro
needs to harmonize its agricultural policies with the EU’s common agricultural policy
(CAP), adopt digital technologies for precision agriculture, and strengthen institutional
capacity for effective implementation. Additionally, enhancing market access and trade,
improving rural infrastructure, and investing in education and research are vital steps
to ensure compliance and competitiveness in the EU market while fostering sustainable
agricultural development in Montenegro.

Regarding transportation, Montenegro’s efforts to embrace technological advance-
ments in its transportation ecosystem are evident. Still, results remain somewhat spo-
radic, and a comprehensive strategy that includes C-ITSs for the coming years is lacking.
C-ITSs are crucial for the future of transportation, particularly in terms of digitization and
European-level harmonization. Digital technologies in personal and public transportation
are fundamental for improving safety, efficiency, and convenience. As Montenegro charts
its strategic trajectory, it should address immediate ITS needs, such as traffic safety at
intersections, serpentines, and railway crossings, and also prioritize the integration of
C-ITSs to leverage the broader benefits of digitization in the long term.

The challenges of a broader scale of digitization in Montenegro’s transport sector—including
lack of experience, coordination, and regulation structures, as well as IT-related education—must
be addressed to successfully integrate ITSs into its road and rail networks. As the global landscape
shifts toward digitized, smart, and interconnected transportation, Montenegro’s recognition and
inclusion of ITSs/C-ITSs in its strategies will be essential for encouraging innovation, enhancing
safety, and ensuring a seamless digital future in the domain. By investing in digital infrastructure,
improving education and training, and fostering international collaborations, Montenegro can
transform its public transportation to make it safer, more efficient, and aligned with the EU and
global standards.

12. Conclusions

In this paper, we provide a comprehensive study of the past 17 years of Montenegro
in terms of human-centric digitization, addressing the current state and future trends of the
investigated fields. While the country has achieved significant progress over these years,
much remains to be done to catch up with EU countries. While most of the healthcare
institutions are fully integrated into the Integral Health Information System of Montene-
gro, the Clinical Centre of Montenegro, the Ministry of Health, as well as certain private
institutions are only partially integrated at the time of writing this paper. Regarding the
digital transformation of the Montenegrin higher education system, collaborations with
other universities, professional organizations, and industry partners have progressed well
at the implementation level, similar to digital learning technologies, instructional modal-
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ity, and learner development. However, support services, instructor development, and
organizational policies and planning consistently lag behind. One major future challenge
is for these areas to match the implementation levels of the more developed aspects. In
terms of telecommunications, the speed of internet connection reached over 100 Mb/s
for nearly two-thirds of all end-user devices by late 2023, while roughly a quarter is still
between 2 Mb/s and 30 Mb/s. The country’s transportation sector has undergone a note-
worthy digital transformation. While there are significant efforts toward developing ITS
and C-ITS across the EU, Montenegro, unfortunately, does not plan to consider C-ITS in
the upcoming decade—even though C-ITS is crucial for the long-term improvement of
safety and efficiency in transportation systems. Tourism—being one of the most important
sectors of the country—has progressed rather well over the years, guided by national strate-
gies, development plans, laws, regulations, and rule books that not only set requirements
based on detailed classifications but also converge toward green tourism and sustainabil-
ity. Agriculture has been partially transformed by the MIDAS project [69], during which,
over 1500 clients adopted improved agricultural technologies and, thus, sustainable land
management practices apply to more than 2000 ha of land—yet Montenegrin agriculture
remains largely dependent on manual farming. Regarding the energy sectors, the country
used to be heavily dependent on fossil fuels, yet wind and solar energy are steadily diversi-
fying the national energy mix and contributing to self-sufficiency, and with the assumption
of average hydrological conditions for the next year, Montenegro has the potential to be-
come a net exporter of electricity. Finally, as highlighted by a recent study [99], less than
10% of respondents are familiar with Montenegrin digital public administration, the lack of
technical competencies is a barrier for nearly 20%, and generally, there is a clear preference
toward the traditional services of public administration.
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IEEE Institute of Electrical and Electronics Engineers
IoT Internet of Things
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IPARD Instrument for Pre-accession Assistance for Rural Development programs
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LMSs learning management systems
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References
1. DigNest: Digital Entrepreneurial Nest and Industry 4.0 in Montenegro. Available online: https://dignest.me/ (accessed on

28 May 2024).
2. Kara, P.A.; Ognjanovic, I.; Maindorfer, I.; Mantas, J.; Wippelhauser, A.; Šendelj, R.; Laković, L.; Roganović, M.; Reich, C.; Simon, A.;
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58. Ratkovic, R.; Bulatović, I. Impact of economic crisis on sustainable tourism (Case: Montenegro). In Proceedings of the Tourism in
Southern and Eastern Europe, Opatija, Croatia, 15–18 May 2013; pp. 355–370.

59. Central Bank of Montenegro. Analysis of the Effects of Tourism on the GDP, Employment and Balance of Payments of
Montenegro. 2011. Available online: https://www.cbcg.me/slike_i_fajlovi/fajlovi/fajlovi_publikacije/radne_studije/analiza_
efekata_turizma.pdf (accessed on 28 May 2024).
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