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Abstract 

The continuous increase in the number of motor vehicles in Montenegro has significantly affected 
air quality and the overall state of the environment. These trends have created the need to develop 
sustainable forms of mobility, with electromobility emerging as one of the key directions in the 
evolution of modern transport. The aim of this paper is to conduct a systematic analysis of the 
factors influencing the development of electromobility in Montenegro and to identify potential 
solutions for its improvement. Based on the 7M approach (Man, Machine, Methods, Material, 
Measurement, Mother Nature, Management), a multidisciplinary team will identify the key groups 
of factors affecting the advancement of electromobility in the country. Each of these groups will 
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then be further analyzed and broken down into sub-levels to ensure a comprehensive understanding 
of their impacts and interrelations. For this purpose, the Ishikawa diagram (Fishbone diagram or 
Cause-and-effect diagram), will be applied as an effective quality tool for the systematic and multi-
level analysis of cause-and-effect relationships. The results of the analysis will serve as a basis for 
defining guidelines and recommendations that can support the further development and 
enhancement of electromobility in Montenegro.  

Keywords: electromobility, quality tools, cause and effect diagram 

 

I. INTRODUCTION 

Environmental protection and climate change mitigation represent one of the key challenges of 
contemporary society. The transport sector plays a particularly important role in this process, given 
that it is one of the main sources of greenhouse gas emissions and air pollution. Numerous studies 
confirm that the transport sector significantly contributes to global CO₂ emissions, with road 
transport having a dominant share (Ferrer & Thomé, 2023; IPCC, 2014; Andong & Sajor, 2017; 
Solaymani et al., 2025). At the European level, road transport accounts for approximately 25% of 
total CO₂ emissions, while passenger cars and light commercial vehicles make up about 15% of total 
CO₂ emissions in the European Union (Lopez-Aparicio et al., 2025). 

The latest Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate Change (IPCC) 
indicates that transport is one of the significant and growing sources of greenhouse gas emissions 
at the global level. Therefore, the IPCC emphasizes the need to implement transformative measures 
in the transport sector, among which the accelerated electrification of vehicles and the transition 
to low-carbon electricity sources occupy a particularly important place (IPCC, 2022; IPCC, 2023). 
These positions are also reflected in international climate and energy policies, which increasingly 
promote the decarbonization of transport and the deployment of low-carbon technologies. As a 
result, electromobility has developed over the past decade into one of the most significant 
pathways of the energy and technological transition. According to data from the International 
Energy Agency (IEA), electric cars accounted for approximately 18% of total global new vehicle sales 
in 2023, alongside continuous market growth and an expanding range of manufacturers (IEA, 2024). 

Despite strong global trends, the pace of electromobility development varies significantly among 
countries and depends on a range of factors such as economic conditions, the regulatory 
framework, the level of development of charging infrastructure, and user awareness. Numerous 
studies indicate that the high purchase price of electric vehicles and insufficiently developed 
infrastructure represent the main barriers to their wider adoption, particularly in smaller and 
developing economies (World Bank, 2024). 



 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

328 

In Montenegro, sustainable mobility has gained additional importance due to the continuous 
growth in the number of registered vehicles. According to data from the Statistical Office of 
Montenegro (MONSTAT), a total of 306,686 road motor vehicles and trailers were registered in 
2024, confirming a long-term trend of increasing motorization (MONSTAT, 2025). Although an 
increase in the number of electric vehicles and the initial development of charging infrastructure 
have been recorded in recent years, their share in the total vehicle fleet remains negligible, 
indicating that electromobility in Montenegro is still at an early stage of development (Lučić et al., 
2025). 

Given the complexity and interdependence of factors influencing the development of 
electromobility, a systematic analytical approach is required. This paper applies an Ishikawa 
diagram based on the 7M approach, which enables a structured identification and grouping of key 
causes affecting the development of electromobility. A particular contribution of this research lies 
in the fact that the Ishikawa diagram will be developed using the Brainstorming method with the 
participation of representatives of various relevant stakeholders in Montenegro. 

 

II. METHODS 

This paper applies a combined approach based on quality management tools, with the aim of 
systematically identifying and analyzing the factors influencing the development of electromobility 
in Montenegro. The central element of the approach is the application of the Ishikawa diagram, 
also known as the cause-and-effect diagram or fishbone diagram, which represents a graphical 
quality tool for systematizing potential causes of the analyzed outcome (problem) and grouping 
them according to predefined categories. Its application facilitates the identification of dominant 
areas that contribute most significantly to the occurrence of the considered outcome and provides 
a basis for further decision-making and the definition of corrective measures. Contemporary 
research confirms the effectiveness of the Ishikawa diagram when combined with brainstorming 
and other cause analysis methods across various fields, including quality management, managerial 
decision-making, and process optimization (Sakdiyah et al., 2022; Ardha et al., 2023; Oljira & Dinsa, 
2023; Soković et al., 2009). 

The Ishikawa diagram will be developed through a brainstorming process and structured according 
to the 7M approach, ensuring a comprehensive classification of the identified causes into clearly 
defined categories. The particular value of the applied methodology lies in the fact that the cause 
identification process incorporates contributions from representatives of various relevant 
stakeholders in Montenegro. 
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Brainstorming is a teamwork technique used to identify problems and generate potential causes 
through the exchange of ideas among participants with diverse knowledge and experience. The 
literature emphasizes its application in the early stages of complex system analysis, when it is 
necessary to capture the broadest possible range of factors and reduce the risk of overlooking 
important causes of the problem (Krivokapić, 2011; Soković et al., 2009). 

In structuring the Ishikawa diagram, the 7M approach will be applied, which involves classifying 
causes into seven basic categories: people (Man), methods (Methods), machines (Machines), 
materials (Materials), measurement (Measurement), management (Management), and 
environment (Mother Nature). The application of the 7M approach enables a structured 
assessment of the factors influencing the development of electromobility, including infrastructure, 
the institutional and regulatory framework, market conditions, and user behavior. In this way, a 
clear and systematic basis is provided for identifying key groups of causes that have the greatest 
impact on the observed outcome (Nadiyah & Dewi, 2022; Oljira & Dinsa, 2023). 

Such an approach, involving representatives of various stakeholders in Montenegro, enables an 
integrated analysis of interrelated factors and provides a reliable basis for identifying key areas with 
the greatest influence on the observed problem, as well as for formulating recommendations aimed 
at improving public policies and strategic planning in the field of electromobility. 

 

III. RESULTS 

The Ishikawa diagram shown in Figure 1 (Cause-and-effect diagram) was developed based on the 
results of a brainstorming process, during which the relevant factors influencing the observed 
problem were identified in accordance with the 7M approach. However, due to the specific nature 
of the issue, certain related categories of the 7M approach were merged into five main categories, 
namely: Man (Human and Social factors), Machine and Materials (Technology and Vehicles), 
Management and Methods (Policies, Governance and Planning), Mother Nature (infrastructure and 
environment), and Measurement (Monitoring and market conditions). 
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Figure 1. Ishikawa diagram for the outcome: Electromobility in Montenegro. 

The outcome (problem), defined as Electromobility in Montenegro, is placed in the “head” of the 
Ishikawa diagram. The identified cause categories represent the primary causes of the observed 
outcome, after which a more in-depth analysis was conducted to identify, within each category, the 
factors that make the most significant contribution to its occurrence and that simultaneously 
represent secondary causes of the observed outcome. Accordingly, the Ishikawa diagram was 
developed using the Minitab software package (license no. RENI1013509). 

Tertiary causes are presented in Table 1. It is important to emphasize that the same tertiary cause 
may be associated with multiple different secondary causes. 

Table 1. List of tertiary causes of the outcome: Electromobility in Montenegro. 

Categories of factors 
(causes) 

Tertiary causes by categories 

Man (human and social 
factors) 

Lack of educational campaigns and informational programs 
Habits of using internal combustion engine (ICE) vehicles 
Fear of unknown costs and technological risks 
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Lack of local practical experience and reliable information on EV 
performance 
Insufficient formal training of service technicians and technical staff 
Limited presence of electromobility in the media 
Lack of trust in battery condition and durability 

Technology and 
Vehicles (Machine and 
Materials)  

High import costs and small market size 
Weak competition and a limited number of distributors 
Limited battery lifespan and high battery costs 
Lack of specialized service centers and spare parts 
Lack of reliable information on the reliability and safety of EVs 
Lack of reliable information on the environmental impact and durability 
of batteries 

Infrastructure and 
Environment (Mother 
Nature) 

High costs of charger installation 
Weak coordination among local authorities 
Slow and complex permitting and grid-connection processes for chargers 
Insufficient capacity of the distribution network 
Lack of harmonization of technical standards 
Insufficient system flexibility (balancing, frequency regulation) 
Limited capacity to integrate variable generation (wind/solar) 
Underdeveloped balancing market mechanisms 

Policies, Governance, 
and Planning 
(Management and 
Methods) 

Absence of clearly defined targets 
Limited and unstable subsidy budgets 
Lack of coordination among institutional responsibilities 
Lack of monitoring and reporting mechanisms 

Monitoring and market 
conditions 
(Measurement) 

Absence of a central database 
Limited market size, high prices, and uncertain resale value 
Insufficient availability of leasing and credit services 
Lack of transparent economic analyses 

Such an approach ensures a clear identification of cause-and-effect relationships influencing the 
development of electromobility in Montenegro. 

 

IV. DISCUSSION 

The results obtained through the application of the Ishikawa diagram indicate that the 
development of electromobility in Montenegro is conditioned by interrelated factors encompassing 
social, technological, infrastructural, institutional, and market aspects. Through the application of 
brainstorming and the Ishikawa diagram, and based on the 7M concept, five main categories of 
causes that most strongly influence the development of electromobility in Montenegro were 
identified. 
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Within the Man category (human and social factors), a low level of awareness, a lack of educational 
campaigns, and a pronounced resistance to change were identified as the dominant causes. These 
findings are consistent with the results of studies conducted in Montenegro, which indicate that 
public perception, fear of unknown costs, and distrust in battery durability significantly influence 
the acceptance of electric vehicles (Lučić et al., 2025). 

The Technology and Vehicles category indicates that the high purchase price of electric vehicles, a 
limited choice of models, and constraints related to battery technology represent significant 
barriers to the development of the electric vehicle market. 

The analysis of the Infrastructure and Environment category indicates that an insufficiently 
developed charging network, high installation costs, and limitations of the electricity grid represent 
the key infrastructural barriers. Within the Policies, Governance and Planning category, the results 
point to a lack of clearly defined targets, unstable subsidy budgets, and weak institutional 
coordination. 

The Measurement category (measurement, monitoring, and market conditions) highlights the lack 
of reliable data, an underdeveloped second-hand electric vehicle market, and limited financing 
models. Similar conclusions are also found in the international literature (IEA, 2024; World Bank, 
2024). 

The obtained findings confirm that accelerating the development of electromobility requires an 
integrated approach that simultaneously encompasses improvements in the institutional 
framework, infrastructure development, strengthening of market mechanisms, and increasing user 
awareness and trust. 

 

V. CONCLUSION 

This paper examined the key factors influencing the development of electromobility in Montenegro 
through the application of quality management tools, primarily the Ishikawa diagram based on the 
7M approach. The analysis was conducted with the support of the brainstorming method and the 
active participation of relevant stakeholders, which enabled the problem to be considered from 
multiple perspectives in a structured manner. 

The research results indicate that the development of electromobility depends on a complex 
combination of human and social factors, technological and market constraints, infrastructural 
challenges, as well as shortcomings in the areas of policy, governance, and planning. These factors 
are interrelated and do not operate in isolation, but jointly influence the pace of electric vehicle 
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adoption, which is particularly pronounced in the context of a small market and the early stage of 
electromobility development in Montenegro. 

The application of the Ishikawa diagram enabled a clearer understanding of the problem structure 
through the identification of primary, secondary, and tertiary causes, thereby confirming this tool 
as effective for analyzing complex issues in the field of sustainable mobility. In this way, a solid basis 
was provided for understanding the interrelationships among different groups of factors. 

Given that the obtained results are based on qualitative analysis, a need was identified to further 
deepen the findings through a quantitative approach. Future research may be directed toward 
quantifying the significance of the identified factors, with the application of ABC analysis emerging 
as a suitable tool. By combining the Ishikawa diagram and ABC analysis, it is possible to more 
precisely define priority areas for action, which can facilitate decision-making and contribute to the 
faster development of electromobility in Montenegro. 
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