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Abstract

:

Electric vehicles (EVs) represent a revolution and the beginning of a new era in the development of the automotive industry. This study investigates the advantages and disadvantages of battery electric vehicles (BEVs) and the possibilities of their better future adoption in the Republic of Croatia. Based on an in-depth analysis of the current status of BEVs in Croatia, the study shows that the number of passenger BEVs and charging stations are constantly increasing. However, despite the many advantages of BEVs, such as a reduction in urban air pollution, reduction in greenhouse gas emissions, noise-free, less dependence on oil as a fuel, etc., there also are certain disadvantages, such as a limited range of vehicles, the correlation with an insufficient number of charging stations on the transport network as a whole, storage of lithium-ion batteries, maintenance of electric vehicles, high prices, and the safety of BEVs in the road traffic system. The practical implications of BEVs’ positive and negative effects and challenges for increasing their implementation in Croatia are discussed. The results and findings from this research could present a base for policymakers and decisionmakers to formulate policies and strategies to improve the opportunities for the adoption of BEVs in Croatia.
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1. Introduction


The global trend of an increase in the use of passenger cars operating on the principle of internal combustion is a problem in the entire transport system today. Along with the industry, the transport system is the biggest polluter, mainly due to the negative impact on the environment from the exhaust gases emitted by internal combustion engine vehicles, which have high emissions [1]. Until the end of the 20th century, petrol and diesel were indisputably the main fuel used for road transport motor vehicles. In the last ten years, it has been recognized that the continuous use of fossil fuels is unsustainable, partly due to the resulting CO2 emissions and the uncertain long-term availability of these types of fuels [2]. Electric vehicles are marking a revolution worldwide because of their environmental and socio-economic benefits [3]. The adoption of electric vehicles could bring significant changes to society, move the economy away from oil as the leading resource, and enable the exploration of other energy sources [1].



Along with the term electric vehicles comes the term “electric mobility”, which refers to an alternative transport system based on vehicles that use electricity as a drive [4]. According to [5], electric vehicles can be divided into three categories: hybrid, plug-in hybrid, and battery electric vehicles. Hybrid uses petrol and a smaller battery to recharge a standard internal combustion engine. Hybrid vehicles have consumption that increases by about 25% compared to standard internal combustion vehicles. As a result, this vehicle still has and emits carbon emissions, but significantly less than standard vehicles [5,6]. The plug-in hybrid is similar to a hybrid vehicle. It contains a larger battery, which can be charged by an electric network, regenerative braking, and a petrol engine. As a result, the plug-in hybrid continues to produce direct carbon emissions similar to a hybrid vehicle [5]. Several authors mention one more category of EVs, called fuel cells electrical vehicles (FCEVs). FCEVs are attractive due to “zero” emissions on the roads and are comparable to an ICEV in terms of driving range, but the high cost and lack of charging stations remain a major challenge for FCEVs. The battery charging is much longer than that of the hydrogen tank, but the continuity of power supply is less reliable than standard batteries used in electric vehicles [7,8,9,10,11,12]. Since there are no FCEVs registered in Croatia, this category will not be analysed in this paper [13]. The subject of this paper is battery electric vehicles (BEVs) since they are immediate “green” cars due to the lack of exhaust systems and carbon emissions. This type of vehicle does not contain an internal combustion engine and must be connected to recharging mains. However, a power plant that produces electricity can emit greenhouse gases, depending on the electricity production, similar to that of hybrid vehicles with external charging [5]. Electrifying transport is a promising approach to mitigating climate change. The introduction of BEVs on the markets has significantly impacted various areas, particularly affecting the electricity grid. Various policies have been implemented to encourage the development of BEVs, and the trend of acceptance of BEVs has increased in recent years. The continuous development of electric vehicle driving, electric batteries, and the charging infrastructure for electric vehicles has further improved EV technology and enabled wider use [14].



Norway has the largest number of passenger BEVs in Europe, followed by France and Germany. The lowest number of BEVs was recorded in Kosovo [15]. In Croatia, in the period from 2007 to 2020, an increase in the number of BEVs was observed. The reason for this trend can be attributed to the trust that owners of BEVs give to vehicle manufacturers, incentives in the form of subsidies offered by the state to customers, environmental awareness of new owners, various education and good customer awareness, the financial condition of customers, or a possible curiosity to change the vehicle and the current fuel they use. The European Union’s long-term goal of achieving a competitive, low-carbon economy is primarily based on enabling investment in environmental protection, significantly reducing energy consumption, switching to electric vehicles, and developing smart grids while promoting renewable energy sources to reduce greenhouse gas emissions by at least 80% by 2050 compared to 1990 levels. As transport is one of the leading systems responsible for emitting exhaust emissions in the European Union, the switching and acceptance of electric vehicles could make it possible to reduce them significantly [16]. The European Commission has set ambitious targets for reducing carbon dioxide (CO2) emissions in the transport system by 2050 [17]. In this context, most traffic decarbonization scenarios envisage and open the door to an increase in the number of electric vehicles on the market from 2030 to 2050. However, the implementation of BEVs brings some obstacles in the form of influential factors, such as vehicle batteries, driving range, costs of purchasing and owning a BEV, and charging stations for electric vehicles. These obstacles should be addressed from 2020 to 2030, as this is a crucial period for achieving electric mobility and acceptance of electric vehicles [18]. The research includes a detailed analysis of the state of BEV usage in Croatia and the determination of the possibility of greater use of BEVs.



This paper consists of six sections. After the introduction, the Section 2 presents a detailed overview of the advantages and disadvantages of BEVs and their implementation in the EU. The Section 3 describes the data and method. Section 4 explains the analysis of BEV usage in the Republic of Croatia, emphasizing passenger BEVs. Section 5 presents a discussion followed by conclusions in Section 6.




2. Background


2.1. Advantages and Disadvantages of Battery Electric Vehicles


Internal combustion engines have been the dominant propulsion choice for road vehicles for over a hundred years. The automotive industry is one of the biggest polluters in the world. Preventing environmental pollution and depleting oil resources for fuels leads to searching for new alternative solutions for energy sources used by vehicles. The advancement of science behind BEVs is crucial for preserving the environment and developing more innovative solutions to create a smarter planet. As alternatives are sought for energy sources, there is great interest in electric vehicles as possible solutions to reduce dependence on fossil fuels [5].



BEVs have several advantages over standard internal combustion engine vehicles (ICEVs). In terms of energy efficiency, electric motors convert 75% of the chemical energy from batteries into wheel drive compared to internal combustion engines that convert only 20% of the energy stored in gasoline. BEVs do not produce noise and work quietly, enabling quiet operation and stronger acceleration, and they require less maintenance than ICEVs [6]. In terms of environmental friendliness, BEVs do not emit any exhaust emissions and are independent of crude oils [19]. BEV combined with advanced hardware has a number of additional features that certainly increase the quality and safety of driving. For example, Tesla is constantly improving its in-vehicle hardware to achieve full autonomous vehicles; the latest full self-driving hardware upgrade offers navigate on autopilot, smart summon, auto lane change and autopark [20]. Despite the many advantages BEVs have over ICEVs, various shortcomings have been identified through literature analysis. An analysis of the relevant literature concludes that the influential factors that play a key role in the acceptance and adoption of electric vehicles can be classified into the following categories: technical-technological, economic, psychological, environmental and political.



The technical-technological influential factor for adopting and accepting BEVs is crucial to users and potential buyers. These factors include the technical characteristics of a BEV’s appearance, performance such as speed and acceleration, range of BEVs, infrastructure facilities in the form of charging stations, new technologies, batteries, and battery life cycle—from production to installation, recycling, and storage. According to numerous authors [21,22,23,24,25,26,27,28,29,30,31], the most significant technical-technological influential factor of BEVs is limited range, and as such, it is often interpreted in a negative context. ICEV can exceed up to three times the range with one fuel tank than a BEV with one battery charge [30]. A limited range of BEVs requires a dense charging station network to keep electric vehicles at a certain level. Adequate charging infrastructure is extremely important for BEV adoption, making a vicious circle because limited infrastructure is a barrier to BEV adoption, and investment in charging networks depends on the number of BEVs [23]. The disadvantages of batteries are limited battery longevity, battery range, and long battery recharging in fast or slow mode. An additional disadvantage is that the batteries are heavy and take up a lot of space [19,21,25,30,31,32,33,34,35,36,37,38,39,40,41,42,43]. The energy supply and storage present a significant technical problem. The batteries installed in the first-generation BEVs have a shorter life cycle than the rest of the car. The batteries also have a limited number of charging cycles [36]. BEV users pay great attention to performance, so they focus on vehicle weight, coefficient of aerodynamic drag, accurate engine size, and users find vehicle design very important [29,44]. Concerns among users arise when choosing a brand and size [45], while other technical factors are also important, such as top speed, after-sales maintenance, trunk space, acceleration, responsiveness, smoothness, and low noise [25,38,39,40,41]. The disadvantage compared to ICEV is that the vehicle’s problems cannot be fixed at home by the owner due to high-voltage technology [36].



The economic impact factor that includes the high cost of electric vehicles is a significant obstacle to widespread use. Most negative associations with BEVs include high purchase costs [5,21,32]. High purchase cost, range limitations, and long charging time of BEVs are perceived as disadvantages and crucial purchase criteria, so they are significantly associated with decreased intent to purchase electric vehicles [19,25,46,47]. Experts and non-experts in electromobility considered cost-related factors more important than social identity [46]. According to [48], the price of BEVs is a more significant barrier for BEV adoption than the range.



Psychological factors have been significant in deciding on BEV adoption [46,49,50] Potential BEV users may have a significant psychological barrier to a limited range of BEVs and a lack of charging stations. According to research, BEVs satisfy the range needs of a sizeable share of the driving population. However, customers still prefer vehicles with a higher range [51] because range anxiety is defined as psychological anxiety consumer experiences due to the limited range of a BEV and fear of unsatisfactory battery range to get to the target location [52,53]. Increased anxiety correlated with spare parts and BEV repairs also have been observed. These factors discourage potential users from purchasing BEVs because of a negative association between anxiety and BEV use [54]. Accurate remaining discharge energy (RDE) estimation can relieve passenger anxiety for mileage, which is very important for EVs, especially for pure EVs [55]. Environmental concern is a psychological factor, according to Lai [49], which is an important deciding factor for the purchase of BEVs.



Ecology as an influencing factor is vital in the transition from ICEV to more environmentally friendly vehicles. The environmental benefits of using BEVs and financial incentives are key motivating factors for adopting BEVs [45]. As the effects of global warming appear globally, the awareness of environmental protection is growing, so people recognize the positive potential of electric vehicles and the decision to buy a car is influenced by environmental concerns [56]. The environmental benefit of BEVs is still unknown. While BEVs are generally considered beneficial to the environment in terms of reducing harmful emissions, there are studies against their worth, especially regarding the increased fossil fuels used at power plants to generate electricity for charging BEVs [21,22]. Battery production significantly impacts the environment and resources, and battery materials recycling and remanufacturing present considerable environmental and economic values [57]. At the macro level, the global environmental impact may be worse with more electric cars than with modern, fuel-efficient ICEVs due to the way electricity is generated. On the other hand, BEVs benefit the local environment at the micro-level because of their lack of local emissions and low noise levels. Regarding the noise level, reduced noise can lead to more traffic accidents involving pedestrians and bicyclists [58].



The political factor is significant and can be positive or negative, and it mostly depends on the transport policy of specific countries and openness to change and development. Negative foreign policies as an influential factor may relate to the lack of interest or inconsistency of the governments of individual countries to promote electric mobility, too small amounts of subsidies, and a short period of subsidies. The government’s active policy support is significant for the initial market creation and full-scale diffusion of BEVs [59]. The central policies, such as subsidies, preferential tax, free parking, and driving privileges, positively affect the consumers’ adoption of BEVs [26,33,60,61]. Tax reduction policies are effective, while other policies, such as pricing, remain contestable [37]. In the United States, both the federal and state governments have taken direct subsidies, tax credits, or tax exemptions to stimulate consumers to purchase BEVs [59]. Private investors could increase recharging station density because individuals would accept considerable mark-ups on the electricity price for large-scale, fast-charging infrastructure [26].



A small number of papers present research in the field of safety of electric vehicles in road traffic, which we find as a significant shortcoming and insufficiently researched area because there is a need for more detailed analyses in this area. Further analyses in the paper have identified and shown some of the shortcomings faced by users of electric vehicles. Researching and reviewing other scientific papers also have shown that the topic of traffic accidents involving electric vehicles or the procedure in case of traffic accidents was not covered.




2.2. Overview of Electric Vehicles in Europe


Norway has been the only country globally that saw the majority of new vehicle sales being electric in 2019. [62]. The country is developing many incentive programs to support selling electric vehicles and zero emissions by 2025, including an acquisition tax and VAT exemption for BEV [63] and import taxes. In Norway, the two largest urban regions, Oslo and Bergen, had a share in registered electric vehicles above the national average, reaching 64% and 67% in 2019. Electric vehicles sales share accounted for 58% of sales in 2019. The Tesla Model 3 was the most popular vehicle in Norway among all EV models and ICEV [64]. Germany represents the largest European vehicle market and has a share of 3% in sales of EVs in 2019. The federal government has supported accepting financial subsidies of EUR 4000 for BEVs with a price less than EUR 60,000 [63] and an exemption from paying annual taxes on electric vehicles and fuel cell vehicles. Furthermore, tax reliefs for electric vehicle companies have been adopted [64]. The French EV market is characterized by steady growth with an annual increase of 25–35% since 2015. The purchase of electric vehicles is encouraged by a bonus system-malus based on the amount of CO2, offering up to EUR 6000 for purchasing a new EV. Furthermore, incentives for financing infrastructure are included and incentives for companies engaged in producing EVs in France [64]. Owners of BEVs have a 50% discount on registration, or are even exempt, depending on the region [63]. The capital Paris had the highest registration of electric vehicles, with a 4.1% share of the registrations. Electric vehicles in France account for 70% of sales in 2019. The Renault Zoe was the most popular electric vehicle in the country, accounting for 30% of electric vehicle registrations in 2019 [64].



Figure 1 shows the number of passenger BEVs from 2015 to 2019. Norway has the largest number of passenger BEVs in Europe in this period (260,689 vehicles). Furthermore, more BEVs are visible in France (155,125 vehicles) and Germany (136,617 vehicles). Kosovo (22) and Northern Macedonia (51) have the smallest number of BEVs [15]. Data on the number of BEVs in some countries exist in several sources, but they are not fully harmonized.





3. Data and Method


This research focuses on two main segments: a detailed analysis of the current state of BEVs usage in Croatia and an analysis of electric mobility in other countries, to identify examples of good practices applicable in Croatia that would increase the use of BEVs. An electronic literature search of the Web of Science (WOS), Scopus, PubMed, and other relevant databases was performed to analyse the advantages and disadvantages of BEVs and their implementation in EU countries. Data in the case study were primarily obtained from the Center for Vehicles of Croatia (CVH). Part of the data was found online on their publicly available web pages, while the rest was collected from the STP CVH sector (technical inspection station) and the IT department. Croatian Telecom and ELEN online sources were used for charging station data and ESPAS (European Strategy and Policy Analysis System) and EAFO (European Alternative Fuels Observatory) data. Ordinance and Acts from The Peoples newspaper and data from The Environmental Protection and Energy Efficiency Fund and Energy Institute Hrvoje Požar were used for regulations and subsidies.



We used Power BI software to analyse large set of data collected from different sources, created our unique database, and visualized the processed data.



Statistical data over specific periods were used and analysed. The number of passenger BEVs over the years and their spatial and temporal distribution are shown within the overview of the BEVs in Croatia. The distribution of BEVs by the most represented manufacturers, types, and models of vehicles in Croatia is described. The technical support contains essential information about technical inspection, vehicle service, homologation and testing of vehicles, and vehicle conversion. The most common technical shortcomings of BEVs and obstacles when inspecting such passenger vehicles are also reviewed. The network of charging stations for electric vehicles in Croatia and existing measures for encouraging the use of BEVs are described. Finally, within the social aspect segment, a survey of BEV owners in Croatia was conducted in order to identify the most important factors of influence when buying and choosing a passenger electric vehicle.




4. Battery Electric Vehicles: Case Study Croatia


4.1. Overview of the Current Status of Passenger BEVs in Croatia


This paper focuses on passenger BEVs because significant growth has been observed in this category in recent years.



In Croatia, BEV usage is still in the development phase. Data on the number of electric vehicles have been recorded since 2007 when the first electric vehicle was present. Every year, the number of electric vehicles increases. In 2014, there were 74 passenger BEVs, while in 2018 there were 452, and in 2019 there were 730, which indicates an increasing trend. The peak was recorded in 2020 when 1343 passenger BEVs were recorded. Considering the data on the number of road vehicles in Croatia for 2020, it was noticed that the total number of motor vehicles was 2,195,588, of which 79% were in the M1 categories—passenger cars, including 1343 (0.08%) BEVs that are the subject of this paper [69,70,71].



Passenger BEVs are distributed throughout Croatia in 73 cities. Figure 2 shows the spatial distribution of passenger BEVs in 2020. It is noticeable that, in 2020, out of 1343 registered passenger BEVs, the most significant number of vehicles was in the area of the capital Zagreb, at 42% or the 70 vehicles per 100,000 inhabitants [72]. There is a total of 313 passenger BEVs in Velika Gorica, or 9.9%, which means that more than 50% of the BEVs are in the gravitational area of the capital of Croatia. In the city of Rijeka, 7% of passenger BEVs were registered in 2020, which is 68 vehicles per 100,000 inhabitants. In Split, it is 34 vehicles per 100,000 inhabitants or 5%, while, in 2020, Osijek had 3% of BEVs (36 passenger BEVs per 100,000 inhabitants). According to the analysis of the number of passenger BEVs in 2015, there were 5 BEVs per 100,000 inhabitants in ZG, 7 BEVs in Rijeka, and 3 BEVs each in Split and Osijek [72]. The growth trend is visible through each observed year, which indicates the continuation of the growth trend in the future. Also, according to available data, it can be seen that cities and towns in the vicinity of Zagreb recorded a large number of BEVs (13% of BEVs in 2020 were registered in Zagreb County) [72].



Statistical data on the number of electric vehicles in Croatia has been available since 2007 when the first passenger BEV was recorded [70,73]. Figure 3 shows the number of passenger BEVs in Croatia by years starting in 2015. As shown in Figure 3, 156 passenger BEVs were recorded in 2015, while in 2020 the peak for the observed period was reached, with a total of 1343 registered passenger BEVs [70,73]. The conclusion is that the growth trend is constant every year and it is expected to increase in the future.




4.2. Distribution of Passenger BEVs by Manufacturer, Type and Model


Data related to passenger BEVs by type and model refer to the available data for the last three years: 2018, 2019, and 2020. In this period in Croatia, the following brands of electric vehicles were present: Alfa Romeo, Audi, BMW, Citroen, Daewoo, DOK-ING, Fiat, Ford, Honda, Hyundai, JAC, Jaguar, Jeep, Kia, Mazda, Mercedes, MG, Mini, Mitsubishi, Nissan, Opel, Peugeot, Porsche, Rariro, Renault, Smart, Škoda, Taiqi, Tesla, Toyota, Trabant, Volkswagen, Yatian, and Zastava [72]. In 2018, most of the passenger BEVs were Volkswagen brand, where out of 132 vehicles, 46 were of the UP! model, the E-UP!. In 2019, out of 723 passenger BEVs, 146 vehicles were of the Volkswagen brand, with the most E-golf and E-UP models, each model with 26 BEVs. In 2020, out of 1343 passenger BEVs, 198 were Volkswagen, and 32 were model E-golf [72]. It was followed by the Renault brand, where out of 190, the Zoe type had the largest share of 33 vehicles. It was followed by the Hyundai brand, where there were 176 vehicles, of which 30 were Kona models. The share of passenger BEVs shown in Figure 4 concludes that in 2020 the Volkswagen brand predominated, with 15% of registered vehicles, followed by Renault (14%), Hyundai (13%), and Škoda (11%), while Smart, Tesla, and BMW had a total share of 9% each. All other brands had a total share of 9% [72].




4.3. Technical Support


As a part of technical support, the technical inspection, services, homologation, and conversion of ICEV to BEV were analysed.



The technical inspection of a passenger BEV begins after the vehicle registration with identification via the VIN mark and registration plate. Furthermore, as with other vehicles, it is checked in the following order: steering, braking, lighting and light signalling devices, devices providing average visibility, self-supporting bodywork, chassis and other parts, axles, wheels, tires and suspension, motor, electrical devices and installations, transmission mechanism, control and signalling devices, the device for connecting traction and trailer vehicles, vehicle equipment, and other devices and parts of the vehicle. The only significant difference in the technical inspection of a passenger BEV and any vehicle is that an eco-test is not performed because such vehicles are not subject to such testing and verification. Electric vehicles have many cables and high-voltage cables marked in orange and located inside the engine compartment. Such high-voltage cables and other cables can only be inspected visually without touching them, as there is a risk of electric shock and death [73]. If the high-voltage cables are visibly damaged, cracked, or uninsulated, or not securely fastened, such a vehicle must be declared technically defective.



In Croatia, authorized service for passenger BEVs is planned for the Tesla brand, located in Zagreb as part of the sales centre [74]. For other BEVs, repairs and services are performed in the existing authorized services of certain brands that specialize not only in electric vehicles but also in internal combustion engine vehicles.



Data related to vehicle homologation or conformity assessment of vehicles, as part of the import of vehicles from other countries, refer to 2014 to 2020. In that period, there were 530 passenger BEVs that underwent the conformity assessment procedure. The most significant number of vehicles refers to the Tesla brand—124 passenger BEVs—followed by BMW—100; Smart—100; Renault—55; and others. The most significant number of vehicles for which the conformity assessment procedure was conducted in Croatia were from Germany, with 216 passenger BEVs [72].



According to Croatian legislation, converting vehicles with internal combustion engines into vehicles with electric motors as propulsion unit is possible and permitted. A professional organization—the Center for Vehicles of Croatia—performs testing, following the Ordinance on Vehicle Testing (The People’s Newspaper 152/09 and 8/15) and other regulations applicable in this area. The basic regulations applicable to such vehicle conversion are the Road Traffic Safety Act [75], the Ordinance on Technical Conditions of Vehicles in Road Traffic [76], and the Ordinance on Vehicle Testing [77].



According to the available data from 2010 to 2020, 63 vehicle-testing procedures were conducted. The most were recorded in 2011, with 11 test procedures, and 12 test procedures for the conversion of ICEV in BEV in 2012 [72].




4.4. Technical Barriers of BEVs in Croatia


Obstacles detected in passenger BEVs presented in this paper relate to errors according to individual vehicle assemblies. During a technical inspection of passenger BEVs from 2013 to 2020, the following vehicle assemblies were inspected [72]:




	
electrical devices and installations;



	
control and signalling devices;



	
engine, vehicle equipment, axles, wheels, tires, and suspension;



	
other devices and parts of vehicles;



	
transmission mechanism;



	
self-supporting body, chassis, and other parts;



	
coupling and towing vehicle connection;



	
braking device;



	
devices that allow average visibility;



	
lighting and light signalling devices;



	
steering devices.








Furthermore, according to the mentioned assemblies, the total number of observed deficiencies on passenger BEVs was 321, of which 82 were on braking devices; 79 on lighting and light signalling devices; 63 deficiencies were related to the axle, wheel, and tire assemblies, and suspension; and 38 on vehicle equipment. Afterward, 23 faults were found on the self-supporting body, chassis, and other parts, and 13 were identified on the steering assembly. The number of defects on the devices that enable average visibility was 12. Other assemblies had less than three faults [72].




4.5. Charging Stations for EVs in Croatia


There are three primary ways to charge an EV: plug-in charging, battery swapping, and wireless charging. Four charging modes via plug-in charging are available. They involve different combinations of power levels supplied by the charging station (expressed in kW), electric current used (AC or DC), and plug types. The charging time depends on charging technology and varies from 10 min to several hours [78].



The number of charging stations for electric vehicles in Croatia was 670 in 2020 [79]. There were only 68 charging stations in 2015, so a significant increase is represented and a step forward when adopting electric vehicles [79]. The most significant number of charging stations is located in the City of Zagreb, which is in line with the largest number of electric vehicles. Apart from the capital, the surroundings of Zagreb and larger cities have a more significant number of charging stations. In contrast, the rest of the country has just enough charging stations to drive throughout Croatia without fear that the vehicle will not reach the range from one charging station to another [80,81]. Croatia has 16.4 charging stations per 100,000 inhabitants, making it the twentieth country in the EU. There are 2 EVs per charging station which is the lowest number together with Slovakia compared to the rest of the observed countries.



The number of charging stations in the Member States of the European Union is not uniform concerning the number of BEVs. The Netherlands had the most significant number of charging stations in 2020—66,665—and also has the highest number of charging stations per 100,000 inhabitants [82].



When it comes to infrastructure facilities intended for electric vehicles, it is not only the data related to charging stations that are important. Namely, several additional contents must be met for the charging stations to be functional. It is also essential to consider the best locations for charging stations, the types of chargers, the number of available places, and charging times, whether fast charging or standard. From the time point of view, there are several forms of charging electric vehicles, so it is necessary to consider the accompanying facilities available at the charging stations’ locations, as waiting for a vehicle to charge can be monotonous for users and can cause discomfort and impact the driver’s psychological state. It is also necessary to pay attention to the operating instructions when charging electric vehicles, the driver’s information about charging cards, and the types of chargers and charging stations.




4.6. Instruments for Promoting BEV Adoption in Croatia


To promote the use of electric vehicles, the Croatia government launched a project to co-finance the purchase of energy-efficient vehicles. In addition, some of the stakeholders offer free charging stations, free public parking, and priority parking.



	(a)

	
Electric vehicle co-financing program in Croatia







One of the key measures to promote energy efficiency in transport is to encourage energy-efficient vehicles. CO2 emissions in total domestic traffic amount to about 5.6 million tons, of which road transport accounts for almost 3 million tons [83]. The average passenger car in Croatia emits about 3 tons of CO2 per year. A hybrid vehicle emits 1 ton of CO2 per year, while BEVs emit zero and do not pollute the environment with noise [84]. To encourage cleaner transport and reduce air pollution in Croatia, in 2014 the project Driving Economically was launched. Citizens and companies are awarded grants to purchase energy-efficient vehicles with this project. From 2014 to 2020, the Fund for Environmental Protection and Energy Efficiency co-financed purchasing more than 4500 energy-efficient vehicles with HRK 153 million (EUR 20.4 million) [84]. There were only 13 electric vehicles in Croatia in 2012, while 1343 were registered in 2020. The Environmental Protection and Energy Efficiency Fund provided HRK 105 million (EUR 14 million) in 2021 to co-finance the purchase of energy-efficient vehicles—HRK 90 million (EUR 12 million) for private and legal persons and HRK 15 million (EUR 2 million) for the public sector [84]. The purchase was co-financed with up to 40% per vehicle, while the maximum incentives depended on the vehicle’s category [84].



	
(b) Free charging stations for electric vehicles in Croatia






The charging service in Croatia is currently provided by Croatian Telecom and HEP, which give access to the most publicly available charging stations. It is to be expected that with the development of the electric mobility market in Croatia, new providers of electric vehicle-charging services will start to appear [85]. Regarding the charging stations of Croatian Telecom, there are two types of charging stations, considering how they are used. The first includes charging stations that do not require user identification. Charging station operators and service providers can easily choose different charging methods, which are not related to customer identification. Currently, charging is free at most publicly available charging stations. However, it is expected that with the emergence of a sufficient number of charging stations that can be conveniently accessed, their growing number will create preconditions for the introduction of commercial bases for the provision of charging services. The second type includes charging stations where user identification is required, which enables advanced services, such as real-time monitoring of the charging process and the possibility of booking the selected charging station. Identification is also needed to prevent unauthorized access to the bottling plant and allow easy payment for the charging service [85].



A list of charging stations is available on which charging must be paid [86]. The payment unit is in minutes and kWh, and prices are expressed in monetary currency (HRK—Croatian kuna). According to the locations and types of charging connections for vehicles, the minimum payment amount is HRK 0.15 (EUR 0.02) per minute, while the maximum amount is HRK 2.84 (EUR 0.38) per kWh. There are also other amounts, such as HRK 2.44 (EUR 0.33) per kWh, HRK 2.20 (EUR 0.30) per kWh, HRK 1.78 (EUR 0.24) per kWh, HRK 1.06 (EUR 0.14) per minute, HRK 1.95 (EUR 0.26) per kWh, HRK 2.60 (EUR 3.47) per kWh, HRK 0.30 (EUR 0.04) per minute, HRK 1.66 (EUR 0.22) per kWh, and HRK 2.50 (EUR 0.33) per kWh [86] (1 EUR = 7.5 HRK).




4.7. Social Aspect


To determine what is the most important factor for buyers to decide to buy and use a BEV, we surveyed current BEV users about their opinion of the most important influential factors when buying/choosing a passenger BEV. The survey consisted of the two basic questions as follows:




	
When buying/choosing an electric vehicle, which of the two factors is more important to you: (a) Battery and everything related to battery charging (range, capacity, charging time, location of charging port); or (b) Costs (vehicle price, vehicle equipment, maintenance costs, vehicle insurance)?



	
If you think there are other important influential factors when buying/choosing a passenger BEV, please write them down.








In the first question, we offered only two answers (battery and costs) because previous research described in Chapter 2 [21,22,23,24,25,26,27,28,29,30,31] has shown that these factors are the most important for potential buyers when buying a BEV. With the second open-ended question, we wanted to get the opinions of current users on other parameters relevant to the purchase of BEVs.



To easier find the current users and owners of BEVs, the survey was conducted with the help of the “Circuit” association, which brings together Croatian BEV owners. A survey was conducted on a sample of 175 respondents, already BEV users in Croatia; of these, 174 responded to the survey.



Regarding the first question, the survey results show that for 59% of respondents, battery and everything related to battery charging are the most important, while 41% of respondents chose the cost as a more relevant factor. Since the second question was open-ended, the answers were not unified, and therefore were more complex to process. We have structured them into four categories, according to content as follows:




	
Batteries (battery life, price of battery replacement, warranty after battery replacement, recycling of vehicle battery and cost of battery replacement).



	
Charging stations (number of available chargers, the possibility of charging at home, control of charging and air conditioning with a mobile phone, offer cheap portable chargers, charging price, charging station network, solar charging, charging power and number of possible charges).



	
Other technical-technological influence factors (design, comfort, quality of workmanship, available vehicle colours, vehicle interior, larger luggage space in the vehicle and cable storage, availability and prevalence of services, mobile Internet inside the vehicle).



	
Economic influence factors (road toll, battery and car warranty, the possibility of financing through leasing or credit, incentives when buying an electric vehicle throughout the year, free membership fee in associations for electric vehicles and free rides for vehicle buyers for several months).








Figure 5 shows the results from the categorized data: 33% of respondents pointed out the network of public charging stations as the most important influencing factor; 21% refer to batteries, with battery life as the main factor; 29% concerned other technical and technological factors; and cost as an influencing factor is related to 17% answers. These results show that the technical-technological influencing factors (83%) are still more important for users than cost.





5. Discussion


The current situation of electric mobility in the form of electric vehicles indicates improvements and positive growth trends, which is a big step forward for a small country. The first available data for passenger BEVs in Croatia was in 2007, when one vehicle was present. Since 2010, exponential growth has begun, culminating in 2020 with 1343 passenger BEVs. Observing the spatial distribution, it can be concluded that in 2020 the most significant number (42%) of passenger BEVs was registered in the City of Zagreb, which is 70 vehicles per 100,000 inhabitants. Zagreb County had 13% passenger BEVs in the same year, which is a consequence of gravity towards Zagreb and the available infrastructure needed for the uninterrupted use of BEVs. Passenger BEVs are spread over 73 cities in Croatia. The growth trend is visible through each observed year, which indicates the continuation of the same growth trend in the future. Regarding the distribution of passenger BEVs by manufacturer, type, and model in the last three years of available data, every year the Volkswagen brand was in the lead, accounting for 15% in 2020, mostly E-Golf and E-UP, followed by Renault, Hyundai, Škoda, Smart, Tesla, BMW, and others. From 2014 to 2020, 530 passenger BEVs were imported into Croatia, of which 216 vehicles were from Germany. The most significant number of all imported vehicles was the Tesla brand—124 passenger BEVs—followed by 100 BMW BEVs, 100 Smart BEVs, and other brands. From 2010 to 2020, 63 ICEVs were converted into vehicles with an electric motor.



During the technical inspections of passenger BEVs from 2013 to 2020, 321 deficiencies were observed. In case of malfunction of the electric vehicle or breakdowns, inspection and service of the vehicle are performed by the authorized service centre of a particular vehicle manufacturer because there are no special services for electric vehicles. The stated lack of authorized services for electric vehicles is a possible reason for the lack of motivation of users toward BEVs. It results in fear of complications due to vehicle failure, and additional costs or prolonged waiting if service or parts procurement must be performed outside Croatia.



There were 670 charging stations for electric vehicles in Croatia in 2020, presenting 16.4 charging stations per 100,000 inhabitants. Compared to other EU member states, 19 have a larger number of inhabitants per one charging station than Croatia. One charging station services two passenger BEVs; that puts Croatia at the bottom of the EU regarding the number of vehicles per charging station. Currently, the ratio of charging stations to electric vehicles does not create problems for electromobility. The problem in Croatia is the spatial dispersion of charging stations. The most significant number of charging stations is located in Zagreb and its surroundings, which is in line with the largest number of electric vehicles. Croatia has many charging stations in larger cities, while charging stations in smaller places are rarely deployed. In order to prevent the vehicle from being too far to reach the charging station before the battery is discharged, pre-planning is necessary. From a time point of view, charging may take longer or shorter depending on the type of charger, so it is necessary to provide users with additional content while waiting.



In Croatia, the population is mainly focused on passenger ICEVs. It is challenging to change the consciousness of drivers when it comes to switching to environmentally-friendly vehicles. The age of the vehicle fleet also presents a problem, and for passenger vehicles it was almost 13 years in 2020 [71]. From 2014 to 2020, the Fund for Environmental Protection and Energy Efficiency co-financed purchasing more than 4500 energy-efficient vehicles. Given the constant growth in the number of personal BEVs in Croatia, the positive effect of this measure to encourage more BEV purchases can be seen. The purchase is co-financed with up to 40% per vehicle. Furthermore, charging at public charging stations is still free, significantly reducing variable costs and encouraging the transition to BEVs.



An analysis of the influential factors in purchasing and selecting BEVs in Croatia, presented in the survey, concludes that the technical-technological factor is most important for users or potential buyers of passenger BEVs. The most significant number of respondents highlighted the public charging station network as the most important influencing factor, together with the battery life factor and the vehicle design.



The range of electric vehicles belongs to technical-technological factors and represents the most significant barrier for users and potential customers. The best-selling electric vehicles in Croatia in 2020 were from VW, Renault, and Hyundai. An example of a journey from the capital Zagreb to the following largest cities of Rijeka, Osijek, and Split, and to Dubrovnik, which is taken as the farthest point from Zagreb, is presented for two models of BEV. The distance from Zagreb to Rijeka is 161 km, and the travel time is 1 h and 58 min [87]. It is 283 km from Zagreb to Osijek, with 2 h and 41 min [88]. The route length for Zagreb–Split is 411 km, and the travel time is 5 h and 22 min [89]. The last route shown is Zagreb–Dubrovnik, with a distance of 600 km and a duration of 7 h and 46 min [90]. The distances indicate one direction, using highways where possible. The first vehicle type used in the example is the E-GOLF, the best-selling VW BEV type in 2020. Its electric range is 190 km, the time required for charging from 0 km to 190 km is 5 h and 15 min at a charging speed of 36 km/h, or 36 min from 19 km to 152 km if it is a fast charge (220 km/h) [91]. Based on known data on travel time and distance to selected cities in Croatia, only the city of Rijeka can be reached by the chosen vehicle without charging because the distance is 161 km and the vehicle’s electric range is 190 km. Traveling to the city of Osijek requires one stop at the charging station for charging; that prolongs the trip by an additional 36 min in case of fast charging, or 5 h and 15 min for slow charging, while on the section Zagreb–Split the driver has to stop twice to charge the battery. The most distant selected city is Dubrovnik, and on the way from Zagreb, it is necessary to stop at the charging stations three times considering the distance of 600 km. The use of a fast charger extends the trip for 108 min, but if a slow charger is used, the journey is extended to a total of 23 h and 31 min—almost one day. A large amount of travel time can be seen in the example of traveling with E-GOLF for all routes, except to Rijeka.



The second type of vehicle is the Hyundai, type KONA, which has the best technical characteristics, emphasizing the range in the three best-selling BEV brands in Croatia in 2020. This vehicle has a range of 395 km, with a charging time of 7 h from 0 km to 395 km at a charging speed of 58 km/h, and a speed of 370 km/h in the case of fast charging (44 min from 40 km to 316) [92]. It is more reliable and easier to travel with the Hyundai KONA on routes Zagreb–Rijeka and Zagreb–Osijek. The remaining routes, Zagreb–Split and Zagreb–Dubrovnik, require one stop at charging stations, which indicates the importance of range in electric vehicles. With a range of 395 km, it is easier to overcome long distances and reach the desired destinations. However, when standing at charging stations, there are repeated problems with the waiting time for charging, which is 7 h for the Hyundai KONA to be fully charged (0–395 km) or 44 min of fast charging for 319 km. Travel and use of BEVs in Zagreb and its surroundings is acceptable due to the best investment and development of infrastructure and a quality network of charging stations. Traveling longer distances is still highly questionable due to the insufficient growth of charging stations and the long time required to charge vehicles. The largest number of charging stations is located in Zagreb and its surroundings, while other large cities have a smaller number of charging stations. In other parts of Croatia, very few charging stations make it difficult to travel by electric vehicles. The uneven distribution of charging stations creates a significant problem during the tourist season because charging stations on routes to the coast are congested, so charging time is added to the duration of the trip and time spent in the charging queue. Therefore, it is necessary to set up a denser network of charging stations at resorts and gas stations on motorways, where electric vehicles often travel long distances. A major problem identified during the study of BEVs in Croatia and other countries is the unavailability of data and a large number of sources that are not harmonized. It applies, for example, to the number of BEVs and the number of charging stations, which is a limitation in research; however, the harmonization of statistical databases is a space for future research.




6. Conclusions


Climate change is a crucial issue today, and it is needed to work accordingly to reduce the negative impacts of transport on people and the environment. Electromobility is a turning point towards a sustainable transport system. Many influential factors need to be met to ensure the most effortless transition to electric vehicles in road transport. According to previous research and our research in this study, technical-technological factors provide the most room for improving and increasing the competitiveness of electric vehicles, primarily in the batteries segment, which includes the production and high costs, service life, and disposal of unusable batteries. Then comes systematic development and increases in the number of charging stations for electric vehicles in different locations, to allow uninterrupted movement of electric vehicles regardless of the range of an individual vehicle and the duration of charging. The most significant barrier for users and potential customers is range and range anxiety, which can be solved with further investments that can influence the development of batteries and charging networks. Along with economic factors, the high vehicle prices and maintenance prices present a significant problem.



From only 13 personal BEVs in 2012 to 1343 vehicles in 2020, Croatia has shown significant progress in accepting passenger BEVs, influenced by policy instruments for promoting BEV adoption in Croatia. In 2020, the number of charging stations with two vehicles per station was sufficient, while the spatial dispersion is problematic because road sections in Croatia have a minimal number of charging stations. In addition to existing measures, which include a larger number of charging stations and their proper deployment throughout Croatia, further requirements are better marketing, development of service networks and service workshops for electric vehicles, education of persons involved in the maintenance of BEVs, and development of technology for disposal and storage of electric batteries. More BEV services and parts would certainly positively impact customer attitudes.



In the Republic of Croatia, the population’s distrust of new technologies and electromobility represents a problem; therefore, the education and awareness of users and potential buyers of electric vehicles are important. Residents are not sufficiently acquainted with the advantages of BEV, charging types, the spread of the network of charging stations, and the range required to move freely throughout the territory of the Republic of Croatia. The number of users and buyers of passenger BEVs primarily depends on the purchasing power of residents. Given the low purchasing power of the Croatian population, it can be concluded that little or no fuel costs can be a significant factor in the transition from ICEV to BEV. However, given the high cost of buying vehicles and possible services and repairs that are also expensive, the likelihood is that some users will be insufficiently motivated to purchase an electric vehicle. Given also the age of the vehicle fleet in the Republic of Croatia, it can be concluded that the majority are used vehicles for which there are still no subsidies, and with subsidies for the new BEVs, many citizens cannot afford such investments. We propose the following measures that can increase the number of passenger BEVs in Croatia: more frequent co-financing of the purchase of electric vehicles (implementation of co-financing several times a year compared to the current one where the most significant incentives are given to companies) and co-financing and incentives for the purchase of used electric vehicles of a certain age (as not all Croatian citizens are able to buy new electric vehicles, perhaps increasing the share of BEVs among passenger cars could be acted upon by encouraging imports and imports of used electric vehicles from other countries); to direct incentives to parts of Croatia with fewer BEVs; adjusting the prices of electric vehicles in accordance with the purchasing power of citizens in Croatia; reducing tolls for electric vehicle users; abolishing environmental fees and lower registration costs for electric vehicle users; reducing customs, duties, imports, and inputs of electric vehicles in the territory of Croatia, which are a problem when buying vehicles in general; and the abolition of various levies related to vehicles in Croatia in general. An overview of the effectiveness of measures in the countries with the highest number of BEVs (Norway, France and Germany) is given in Section 2.2. It can be seen that measures to co-finance the purchase of BEVs and exemption from taxes or registration are very effective, so we believe that developing a package of measures to encourage electromobility would positively impact the adoption of BEVs in Croatia.
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Figure 1. Statistics on the number of passenger BEVs in the EU + EFTA + UK + Turkey countries from 2015 to 2019. Source: Made by the authors according to [65,66,67,68]. 
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Figure 2. Spatial distribution of passenger BEVs in Croatia in 2020. 
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Figure 3. The trend of increasing the number of passenger BEVs in Croatia by years. 
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Figure 4. Distribution of passenger BEVs in Croatia by the manufacturer in 2020. 
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Figure 5. Survey results: share of identified influencing factors for BEV users in Croatia. 
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