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Abstract 

The electrification of public transport systems has become an important component of sustainable 
mobility strategies. However, most electric bus deployment approaches are developed for cities with 
stable, year-round travel demand and do not adequately address the operational and economic 
conditions of seasonal tourist destinations. Pronounced demand fluctuations, short peak operating 
periods, and reduced off-season utilisation create specific challenges for fleet planning and charging 
infrastructure investment in coastal tourist cities. This study investigates the feasibility of electric 
bus deployment in a seasonal tourist city using Budva, Montenegro, as a representative case. A 
feasibility oriented methodological approach is applied, based on a structured case study and a 
comparative assessment of three electric bus charging strategies: depot charging, opportunity 
charging, and wireless charging. The evaluation is based on operational constraints, economic 
considerations, and the influence of tourism-driven demand seasonality. Strategy performance is 
assessed using qualitative ranking and comparative analysis under peak and off-season operating 
conditions, without applying advanced optimisation or multi-criteria weighting techniques. The 
results indicate distinct differences in charging strategy performance under seasonal operating 
conditions. Depot charging exhibits the highest overall economic feasibility due to low infrastructure 
investment requirements and acceptable operational performance across the full annual operating 
cycle. Opportunity charging provides greater operational flexibility during peak tourist periods but 
requires higher infrastructure investment, reducing its economic robustness outside the peak 
season. Wireless charging shows the lowest feasibility as a result of high capital investment 
requirements and limited suitability for seasonal utilisation patterns. The findings confirm that 
electric bus feasibility in seasonal tourist cities is primarily determined by the interaction between 

mailto:anastasija.mrkaic01fskl@gmail.com
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operational constraints, economic robustness, and demand seasonality rather than by technological 
capability alone. Charging infrastructure investments should prioritise reliable peak-season 
operation while avoiding overinvestment during periods of reduced demand. The study highlights 
the importance of phased and economically cautious electrification strategies and provides applied 
insights relevant to transport planners and decision-makers in coastal tourist cities characterised by 
pronounced seasonal demand variation. 

Keywords: electric buses, seasonal tourism, charging strategies, feasibility analysis, public transport 
electrification 

 

I. INTRODUCTION 

The transition towards sustainable urban mobility has become an important objective for cities 
aiming to reduce environmental impacts and improve the efficiency of public transport systems. 
Electric buses are increasingly regarded as a key solution in this process. They offer lower local 
emissions, reduced noise levels, and the potential for lower operating costs compared to 
conventional diesel buses (Castellanos et al., 2019; IEA, 2023). Consequently, many European cities 
are considering electric buses as part of their long-term transport development strategies. Although 
the technical feasibility of electric buses has been demonstrated in numerous large cities (IEA, 
2023), their implementation remains more challenging for small and medium-sized municipalities. 
One of the main obstacles is the high initial investment required for vehicle procurement and 
charging infrastructure (Manzolli et al., 2022). From an economic perspective, such investments 
must be justified through long-term cost savings and operational efficiency. This challenge becomes 
particularly pronounced in cities where public transport demand is not stable throughout the year. 
Seasonal tourist cities represent a specific category of urban areas characterised by significant 
fluctuations in transport demand. In these cities, public transport systems must accommodate 
short periods of very high passenger volumes during peak tourist seasons, while operating at 
substantially lower levels for the remainder of the year. This strong seasonality complicates 
transport planning and raises important economic questions related to fleet sizing, infrastructure 
utilisation, and cost-effectiveness (Chen et al., 2024). Infrastructure designed to meet peak demand 
may remain underutilised during the off-season, potentially reducing the overall economic 
efficiency of transport investments. Budva, one of the most important tourist destinations in 
Montenegro, represents a typical example of a seasonal coastal city with a permanent population 
of approximately 19,200 residents (MONSTAT, 2024). During the summer months (June–
September), the municipality experiences a substantial influx of tourists, with peak monthly arrivals 
exceeding 150,000 overnight stays, resulting in higher mobility demand, congestion, and 
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environmental pressure (MONSTAT, 2024). At the same time, public transport services must remain 
financially sustainable during the off-season.  

These characteristics make Budva a suitable case for examining the feasibility of introducing electric 
buses under conditions of pronounced demand seasonality. From an economic standpoint, the 
introduction of electric buses involves a trade-off between higher upfront investment costs and 
potential long-term savings. Electric buses generally have higher purchase prices than diesel buses 
and require additional investment in charging infrastructure.  

However, they may offer lower operating costs due to reduced energy consumption, lower fuel 
price volatility, and simplified maintenance requirements (Borlaug et al., 2023). In seasonal cities 
such as Budva, these economic advantages must be carefully evaluated in relation to fluctuating 
utilisation rates and the need to ensure adequate capacity during peak tourist periods. The main 
objective of this paper is to assess the feasibility of introducing electric buses into the public 
transport system of Budva, with particular emphasis on economic and operational aspects 
influenced by tourism seasonality. The analysis seeks to answer the following research questions: 

- How does tourism seasonality affect public transport demand and planning in Budva? 
- Which electric bus charging option is the most appropriate from an economic and 

operational perspective? 
- What are the main benefits and limitations of electric bus deployment in a seasonal tourist 

city? 

By addressing these questions, the paper aims to provide a realistic and practical assessment of 
electric bus feasibility in Budva, while also offering insights that may be relevant for other small 
tourist-oriented cities with similar characteristics. 

 

II. METHODS 

This study applies a feasibility-oriented methodological approach to examine the economic and 
operational suitability of introducing electric buses in a seasonal tourist city. The methodology is 
designed for a master-level research project in road transport engineering and adopts an applied 
engineering assessment appropriate for early-stage planning and decision support. The analysis is 
based on a case study of Budva and a structured comparison of electric bus charging strategies 
under seasonal operating conditions (Castellanos et al., 2019; Manzolli et al., 2022). 

The methodological framework follows a defined analytical structure that evaluates charging 
strategies through three linked dimensions: (i) operational performance constraints, (ii) economic 
cost components, and (iii) tourism-driven demand seasonality. This structure ensures that 
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alternative strategies are assessed consistently and transparently, with explicit assumptions and 
comparable criteria applied across options. 

 

1. Research design 

A case study approach is employed to assess electric bus feasibility under realistic operating 
conditions. This method is commonly used in transport engineering research (Yin, 2018) where 
local demand characteristics, infrastructure constraints, and operational practices materially 
affect system performance (Castellanos et al., 2019). 

The analysis integrates qualitative assessment with structured comparative evaluation. 
Qualitative assessment is used to identify operational constraints associated with seasonal 
demand peaks, while comparative evaluation is used to examine charging strategies in terms of 
investment intensity, operational implications, and capacity to support peak service 
requirements. The objective is to identify feasible and robust solutions and to clarify trade-offs 
between strategies, consistent with the scope of feasibility research in the electric bus domain 
(Manzolli et al., 2022). 

 

2. Study area and transport demand characteristics 

Budva is selected as the study area due to pronounced seasonal variation in population and 
mobility demand. Official statistical data indicate strong concentration of tourist arrivals during 
summer months, resulting in substantially higher transport demand than in the off-season 
(MONSTAT, 2024).  

Analytically, this seasonality represents a structural planning constraint: fleet capacity and 
supporting infrastructure must be sized to meet peak-season requirements, while remaining 
economically acceptable during lower-demand months. This peak–off-season mismatch directly 
affects fleet utilisation, infrastructure efficiency, and overall cost performance, and is therefore 
explicitly incorporated into the strategy assessment (Chen et al., 2024).   

 

3. Public transport system and operational constraints 

Public transport in Budva is organised along a main coastal corridor connecting residential areas, 
tourist zones, and key urban destinations. Services are currently provided by diesel buses operating 
on fixed routes with seasonally adjusted service frequency. The existing bus network serves both 
local residents and tourists, with service levels adapted to seasonal demand variations. During peak 
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tourist months, frequency is increased to accommodate higher passenger volumes, while off-
season operation is adjusted to reflect reduced demand (based on local transport planning data). 
During the summer tourist season, increased frequency reduces available vehicle downtime and 
tightens operational margins. These conditions impose operational constraints on vehicle 
circulation, charging time allocation, and fleet availability. From a road transport engineering 
perspective, vehicle availability, turnaround time, and charging duration become critical 
performance parameters. Charging concepts that require extended vehicle downtime or complex 
scheduling can adversely affect peak-season service reliability, as noted in prior research (Lin et al., 
2019). 

 

4. Charging strategies and evaluation framework 

Three charging strategies are examined: depot charging, opportunity charging, and wireless 
charging. These strategies differ in infrastructure requirements, investment cost levels, and 
operational characteristics (Lin et al., 2019; Wei et al., 2018). 
 
To support a systematic comparison, strategies are evaluated using criteria aligned with road 
transport planning practice: 

(i) relative capital investment level, 
(ii) operational simplicity and reliability, 
(iii) capability to maintain required service frequency during peak tourist periods, and 
(iv) compatibility with existing transport and energy infrastructure. 

 
Each strategy is assessed using a consistent qualitative ranking (e.g., low/medium/high) 
supported by case-specific operational requirements and documented assumptions. This 
approach enables structured evaluation of trade-offs without applying advanced optimisation or 
multi-criteria weighting techniques beyond the scope of this study. 
 

5. Economic evaluation and seasonality-based assessment 

The economic evaluation focuses on two cost categories: capital expenditure (CAPEX) and 
operating expenditure (OPEX). CAPEX includes vehicle procurement and charging infrastructure 
installation, while OPEX primarily relates to traction energy consumption and maintenance 
requirements (Borlaug et al., 2023). Based on recent European procurement data, indicative capital 
costs for electric bus deployment include vehicle acquisition (€300,000–€450,000 per unit 
depending on battery capacity) and charging infrastructure installation, which varies significantly 
by strategy: depot charging requires approximately €40,000–€80,000 per charging point, 
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opportunity charging €100,000–€200,000 per fast-charging station, and wireless systems 
€300,000–€500,000 per installation point (IEA, 2023; UITP, 2021).  

These cost ranges reflect typical European market conditions and are used as indicative 
benchmarks for comparative assessment. Seasonality is treated as a key driver of economic 
feasibility. The assessment therefore considers two operating conditions: peak-season operation 
(high frequency, high vehicle utilisation, limited downtime) and off-season operation (lower 
utilisation and reduced service intensity). Strategies are evaluated based on whether their cost 
structure and operational characteristics remain acceptable across both conditions.  

This seasonality-based assessment links economic performance to realistic operating constraints 
rather than relying solely on annual averages, consistent with research on seasonal tourist 
transport systems (Chen et al., 2024). 

 

6. Methodological limitations 

The analysis relies on secondary data and indicative cost estimates rather than results from an 
operational electric bus pilot project in Budva. In addition, potential future changes in technology 
costs, electricity prices, and policy incentives are not explicitly modelled. Despite these limitations, 
the methodology provides a robust analytical basis for an initial master-level feasibility assessment 
(Manzolli et al., 2022). 

 

III. RESULTS 

This section presents the results of the feasibility assessment of electric bus charging strategies for 
the public transport system of Budva. The results are derived from the analytical framework defined 
in the methodology and are organised according to operational, economic, and seasonal 
performance criteria. No interpretation beyond the presentation of findings is provided in this 
section. 

1. Comparative results of charging strategies 

The comparative assessment of depot charging, opportunity charging, and wireless charging 
identifies clear differences in their performance under the operating conditions of Budva.  

The results of the comparison are summarised in Table 1, which presents the relative performance 
of each charging strategy according to the selected evaluation criteria. The qualitative rankings 
(low, medium, high) are derived from a structured assessment of technical specifications, 
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infrastructure requirements, and cost considerations documented in the referenced literature 
(Castellanos et al., 2019; Lin et al., 2019).  

These rankings reflect relative differences between strategies rather than absolute thresholds and 
are applied consistently across all evaluation criteria. 

Table 1. Comparison of electric bus charging options for Budva. 

Criterion Depot charging Opportunity charging Wireless charging 

Investment cost level Low Medium High 
Infrastructure complexity Low Medium High 

Battery capacity requirement High Medium Low 

Operational flexibility Medium High High 

Suitability for peak season Medium High High 

Suitability for off-season High Medium Low 

Overall economic feasibility High Medium Low 

Source: Author’s analysis based on Castellanos et al. (2019) and Lin et al. (2019). 

The results show that depot charging is associated with the lowest investment cost level and the 
simplest infrastructure requirements. Opportunity charging is characterised by medium investment 
cost and infrastructure complexity, while wireless charging exhibits the highest investment 
requirements and infrastructure complexity among the analysed strategies. 

In terms of battery capacity requirements, depot charging requires larger onboard batteries, while 
opportunity charging allows for medium battery capacities. Wireless charging enables the use of 
smaller battery capacities due to frequent charging events. 

 

2. Results under peak-season operating conditions 

Under peak-season operating conditions, characterised by increased service frequency and high 
vehicle utilisation, the results indicate differences in operational performance between charging 
strategies. Opportunity charging demonstrates the highest operational flexibility during peak 
periods, as charging can be integrated into short dwell times without extended vehicle downtime. 
Wireless charging also exhibits high operational flexibility under peak conditions.  

Depot charging shows moderate operational flexibility during peak-season operation, reflecting its 
reliance on overnight charging and limited daytime recharging capability. With respect to suitability 
for peak-season operation, opportunity charging and wireless charging are rated higher than depot 
charging due to their ability to support intensified service schedules. 



 
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    
 

219 

3. Results under off-season operating conditions 

Under off-season operating conditions, characterised by reduced service frequency and lower 
vehicle utilisation, the results indicate a shift in relative performance. 

Depot charging exhibits the highest suitability for off-season operation, benefiting from increased 
available charging time and lower operational pressure. Opportunity charging shows medium 
suitability under off-season conditions, while wireless charging demonstrates lower suitability due 
to high fixed infrastructure requirements relative to reduced demand levels. Operational flexibility 
remains high for opportunity charging and wireless charging; however, this flexibility does not 
translate into improved overall performance under reduced demand conditions. 

 

4. Economic performance results 

The economic results highlight differences in capital investment requirements and overall 
economic feasibility across charging strategies. Depot charging is associated with the lowest capital 
investment level and the highest overall economic feasibility. Opportunity charging requires higher 
investment and demonstrates medium overall economic feasibility. Wireless charging requires the 
highest level of capital investment and exhibits the lowest overall economic feasibility. These 
results reflect differences in infrastructure requirements, system complexity, and suitability across 
seasonal operating conditions. 

 

IV. DISCUSSION 

This research assessed the feasibility of introducing electric buses into the public transport system 
of a seasonal tourist city, with Budva used as a representative case. The study adopted an applied, 
feasibility-oriented methodological framework that combined a structured case study with a 
comparative evaluation of electric bus charging strategies under conditions of pronounced seasonal 
demand variation. The results clearly indicate that the feasibility of electric bus deployment in 
seasonal tourist cities is determined primarily by the interaction between charging strategy 
characteristics, operational constraints, and economic performance under peak and off-season 
conditions.  

The comparative assessment demonstrated that charging strategies differ substantially in their 
ability to accommodate intensified peak-season operation while remaining economically viable 
during periods of reduced demand. In the specific context of Budva, depot charging was identified 
as the most feasible option for initial electric bus implementation. Its relatively low capital 
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investment requirements and operational simplicity enable acceptable performance across the full 
annual operating cycle, despite moderate limitations in operational flexibility during peak tourist 
periods. Opportunity charging showed improved operational performance under peak-season 
conditions, but this advantage was offset by higher infrastructure investment requirements and 
reduced economic robustness outside the peak season. Wireless charging exhibited the lowest 
feasibility due to its high capital intensity and limited suitability for seasonal utilisation patterns. 
These findings confirm the underlying research premise that electric bus feasibility in seasonal 
tourist cities cannot be evaluated solely on the basis of technological capability or average annual 
demand indicators. Instead, feasibility depends on achieving a balanced trade-off between capital 
investment intensity and operational performance under seasonal demand constraints.  

In this regard, economically robust and operationally reliable solutions are more appropriate than 
technologically complex alternatives in the early stages of system electrification.  

From a transport planning and policy perspective, the study suggests that a phased approach to 
electric bus deployment represents a rational strategy for cities characterised by strong seasonal 
demand fluctuations. Initial implementation based on simpler charging concepts allows for risk 
mitigation, operational learning, and incremental system development. Although the analysis is 
subject to limitations related to data availability and simplified economic assumptions, the applied 
methodological approach provides a sound and realistic basis for master-level feasibility 
assessment. Overall, this study contributes to applied research on electric bus deployment in 
seasonal tourist contexts and provides evidence-based insights that may support transport 
planners and decision-makers when considering electrification strategies in similar urban 
environments.  

 

V. CONCLUSION 

This study examined the feasibility of electric bus deployment in Budva, a seasonal tourist city in 
Montenegro. The comparative analysis of charging strategies demonstrated that depot charging 
represents the most economically robust option for initial implementation, balancing investment 
requirements with operational performance across seasonal demand variations. 

The findings highlight that successful electrification in seasonal tourist contexts requires careful 
consideration of peak-season operational constraints and off-season economic viability. A phased 
deployment approach, beginning with simpler charging infrastructure, offers a practical pathway 
for risk mitigation and incremental system development. 
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Future research should examine operational pilot projects in similar seasonal destinations, 
incorporate detailed cost-benefit analyses based on real world energy consumption data, and 
explore policy instruments that support sustainable transport electrification in tourism-dependent 
municipalities. 
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