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Abstract

:

Electric mobility is one of the key technologies that may contribute to tackling externalities especially in the fight against climate change, and consequently in achieving sustainable transportation. Among the different electric vehicle (EV) technologies, battery electric vehicles (BEVs) constitute a strong option for future transportation. Despite the large investments made in the EV industry and the large-scale promotion of electric mobility through several policy measures in the last decade, this market segment is still underrepresented in the total automotive market. The available evidence indicates that there is a remarkable gap between the expectations and experiences in applying the measures. This study investigates the available measures that, directly or indirectly, may contribute to the future success of the BEVs. The authors categorize the available measures (financial incentives, non-financial incentives, disincentives) and highlight the possible cross-effects between them through a descriptive analysis. The main finding of this study is that, as there are synergies between the different measures, decision makers need a complex approach to excavate the market mechanism and implement effective and efficient policy measures.
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1. Introduction


Due to the high adverse risks associated with traffic-related air pollution, climate change, and other effects of transport, it has become important to set the transport sector on a sustainable course for the sake of today and the future. Efforts are being geared towards a low-carbon development pathway for global climate change mitigation to avoid the most severe climate change and keep the global temperature rise below 2 °C, as agreed by nations under the United Nations Framework Conventions on Climate Change (UNFCCC) in the Paris Agreement [1]. Based on this agreement, developed nations will have to decarbonize their transport sector up to 80% by 2050, while developing and emerging countries will have to curb growth up to 170% by 2050, which will require substantial policy actions and complex strategies [2]. Transportation has been under major scrutiny as it accounted for 24% of carbon dioxide emissions from fuel combustion in 2019, with road vehicles accounting for about three quarters of these emissions due to the heavy dependence on vehicles powered by fossil fuels for mobility needs [3].



The deployment of alternative fuel infrastructure and other means of road transport with less or zero tailpipe emissions has been one of the major pathways towards a more sustainable transport system. Electric vehicles of all types, including battery electric vehicles (BEVs), plug-in hybrid electric vehicles (PHEVs), hybrid electric vehicles (HEVs), and electric power-assisted personal mobility vehicles (e-PMVs), have been under the spotlight as they are key alternatives to internal combustion engine vehicles (ICEVs) for improving energy efficiency, mitigating local air pollution, reducing carbon dioxide emissions, diversifying transportation fuel sources, and integrating renewable energy into the power system [4,5,6,7,8].



Like every other technological shift, the transition from conventional vehicles to electric vehicles has not been without its fair share of hiccups and challenges and may require a long time to be completed. However, the climate emergency has made time a luxury. Strategic plans for spurring the EV market have consequently become essential. Governments at all levels have thus developed different programs and routes to promote EV adoption, which revolve mainly around incentivizing the EV market or disincentivizing the conventional vehicle market. Consequently, PEVs (plug-in electric vehicles), including BEVs and PHEVs, have enjoyed a tremendous boost in sales in the alternative fuel vehicle market. The difference between the two types of PEVs is that PHEVs run on a battery-powered electric motor with an internal combustion engine present as backup, so it can drive on either electricity or gasoline, whereas the BEV solely depends on the chemical energy stored in its rechargeable battery packs for propulsion.



BEVs are considered more friendly to the environment because they produce zero tank-to-wheel emissions, whilst the upstream pollution or well-to-tank they produce is largely dependent on the electricity source used for battery charging and the energy intensity of manufacturing [9,10,11]. Hence, the overall pollution is less severe if the power generation is sourced from renewable energy resources. Unlike BEVs, the environmental gains derived from PHEVs depend on the distance driven while in electric mode. A study has reported that PHEV fuel consumption and tailpipe CO2 emissions during real-world driving, on average, are approximately 2–4 times higher than type-approval values [12]. This is attributed to the small battery capacities, underpowered electric motors, and the absence of fast charging capabilities in some models, making it practically difficult for them to be driven properly on zero emission mode. Moreover, BEVs allow for the diversification of transportation energy sources since electricity can be produced from a variety of conventional and renewable technologies.



Unfortunately, BEVs have limitations, and their adoption is hampered by several barriers compared to their competitors with internal combustion engine components. BEVs have high purchase prices, more limited ranges, longer refueling times, and less public infrastructure, i.e., refueling opportunities, compared to fossil-fueled vehicles [13,14,15]. These hurdles have necessitated the need for policy instruments and strategies specifically crafted for BEVs to accelerate their uptake compared to other alternative fuel vehicles and increase their market share in the automobile market, to harness the social benefits of GHG (greenhouse gas) emissions reduction in pursuit of sustainable road transportation.



This study builds on the rich body of literature on market incentives as a strategy to boost the adoption of electric vehicles, to provide an evidence-based market overview focused specifically on battery electric passenger cars. It enumerates the major hurdles to market penetration and governmental incentives to boost adoption, establish the interdependencies between them, and expand these to postulate pathways to utilize the synergies to bridge the gap between government expectations, societal experiences, and market realities. The authors identified and categorized the existing measures according to their main attributes as financial incentives (purchase incentives, value-added tax exemption, vehicle registration tax benefits, ownership tax benefits, discounted/free parking, and toll road exemptions), non-financial incentives (charging infrastructure development and access to restricted traffic lanes), and disincentives with respect to conventional vehicles. The timeline of the analysis aims to neglect the recent pandemic years due to their market distorting effects.



The remainder of this paper is organized as follows. Section 2 discusses the main barriers inhibiting the adoption of BEVs in detail. Section 3 provides an evidence-based overview of the different efforts made to boost BEV adoption by different cities and countries using descriptive analysis of existing literature to highlight the impacts of the incentives on BEV adoption. Section 4 discusses the synergies between the different measures and how decision-makers can harness these to design and implement effective and efficient policy measures, fostering gains toward a vision of sustainable urban transport.




2. Barriers Inhibiting Wider Adoption


With electric mobility recognized to play a prominent role in transforming transportation from its current unsustainable state into an environmentally friendly one, it has been expected that electric vehicles would demonstrate a rapid penetration into the automobile market and enjoy a wide adoption. This, however, has not been the case. Several factors affect the decision of potential EV buyers and subsequently determine the strength of the EV market in general, specifically BEVs within this study’s scope. A classification of these factors based on the respective decision-making unit as identified by Biresselioglu et al. [16] is presented in Table 1. While all these factors are important, purchase cost, specific user needs and requirements, limited information and technological uncertainty, and other demographic (country-specific) factors have been identified as the major influencing factors [17,18].



2.1. Purchase Cost


Within the existing market conditions and barring all other factors, the cost of a battery electric vehicle is higher than the cost of conventional vehicles. Jozwicka et al. [19] identified this price margin to be up to 10,000 euros. In the existing scenario, consumers often have to pay a premium of up to 100% for new conventional vehicles, which is highly prohibitive if this culture has to be transferred to the electric vehicle market. Thus, several studies have appropriately identified cost as the major hindrance inhibiting the adoption of electric vehicles while highlighting the battery as the primary component responsible for this cost.



Lithium batteries are considered to be the dominant technology and one of the main reasons behind the high initial price of BEVs. However, scientists are concerned about the availability of lithium and its adequacy to satisfy the rise in demand needed for EV development [20]. A significant increase in demand for lithium recently could lead to a shortage of lithium, which consequently causes an increment in the market price and affects the BEVs market negatively. With the estimate of global known lithium resources under 14 million tons, with 74% of these located in reserves around South America [21,22], it could be another geopolitical risk to heavily depend on this region for supply as it could birth an oligopoly similar to the global oil market. Significant efforts are being geared toward research and development to reduce the cost of batteries. These efforts have brought about a significant reduction. Battery manufacturing costs have been declining continuously, with an approximately 14% annual drop in prices between 2007 and 2014 [23].




2.2. Limited Range and Refueling Time


Besides the high purchase price limiting the electric vehicle market, limited range and long refueling time are two other prominent concerns. The battery is the only energy source for BEVs—unlike PHEVs that can fall back on the combustion energy when the battery charge is depleted-, which limits the trips BEVs are used for and further aggravates the “range anxiety” of users. While the trend is to provide BEVs with improved battery capacity and increased range as a solution on the one hand, they are currently more expensive [24]. However, such vehicles might become more affordable in the future due to the consistent decline in the production cost of lithium-ion batteries [25]. On the other hand, the interdependency between charging time and battery capacity with the electricity load profile is another setback. BEVs with large batteries require less frequent but longer durations for charging, while small batteries need to be charged more frequently with relatively shorter charging events to ensure sufficient energy for future trips. Furthermore, climate adjusting features, such as passenger cooling and heating systems, and battery heating and cooling systems, especially during cold periods, can consume much of the battery capacity, potentially reducing driving range [26,27]. Electric vehicle users will thus need to incorporate these factors into consideration while planning their daily commute or before embarking on long distance trips.




2.3. Technological Uncertainty


New technologies are usually associated with many uncertainties, and electric vehicle technology is not an exception, despite its long history of development. Potential users and non-users find many aspects of technological development to be uncertain and yet to reach developmental maturity. With concerns about vehicle range, charging infrastructure availability, and purchase costs already on the horizon, battery life expectancy, resale value, and other unknown ownership risks further compound the uncertainty around electric vehicle adoption and usage.



While the concerns about range, cost, and technological uncertainties constitute a challenge to potential owners of the vehicles, the attitude and response to adoption vary depending on the socio-demographic and socio-economic factors at play. These factors include income, environmentalism, employment ratio, gasoline price, and electricity price [28,29]. Education level could also have an effect to some extent on the decision of the BEVs potential buyers. Many researches, including selected studies [30,31,32,33], have investigated the impact of these factors on EV adoption in general, with differing inferences which, altogether, are helpful to strategize approaches to overcome the barriers and incentivize the adoption and market penetration of BEVs.





3. Incentivizing Market Adoption and Penetration


Having identified the various barriers limiting the broader adoption of BEVs and hence their low market share, we will now analyze the different types of incentives used to positively stimulate and influence the decision making of potential adopters of electromobility. Evidence of the effects of the stimuli within scientific literature will also be detailed.



3.1. Financial Incentives


Although EVs have been proven to lessen air pollution compared to ICE vehicles, consumers will not readily switch to EVs as they would rather maximize private utility than incur costs for social gains with benefits that are not apparent in the short term [34]. Owing to the prohibitive costs of EV batteries with the lower gas prices and improved fuel efficiency of modern internal combustion engines, conventionally fueled vehicles have an edge in ownership cost implications over BEVs, particularly at the point of purchase. Therefore, it becomes imperative and logical to offer incentives to lower the cost barrier of EVs and make them financially attractive and viable for potential adopters. Financial incentives are economic instruments aiming to influence the adoption of EVs by either offering grants, rebates, discounts, or through exemption from financial obligations to the government or a relevant agency. Financial incentives could be offered as a once-off deal (direct measures) or could be recurrent depending on the framework of the supporting policy (indirect measures) [35].



3.1.1. Purchase Incentives


Purchase incentives are offered in the form of grants or purchase discounts by the government or organization working on reducing negative transport externalities to encourage more potential buyers and, consequently, to spur the EV market. Aside from direct purchase discounts, they are also offered in the form of cash rebates, low-interest financing, special leases, and marketing support. A stated preference study [36] in China validates this approach, concluding that consumers are more sensitive to the vehicle purchase price compared to other common types of incentives. Therefore, it is one of the most common economic instruments used to stimulate the penetration of EVs in the fleet of urban vehicles in many European countries. In Germany, the potential buyer is granted 40,000 euros and 3000 euros, for private and business purposes, respectively. The UK started giving PEV buyers incentives in 2011 to support the ultralow emission vehicle market. In the last seven years, purchase subsidies have reached approximately 500 million pounds (580 million euros), spent on 160,000 ultra-low emission cars. In France and Belgium, the vehicles with a CO2 emission rate between 0 and 20 g are granted a bonus of 6000 euros, which is about 27% of the acquisition cost. In Spain and Portugal, the national subsidy is up to 5500 euros and 2250, respectively, for the BEVs, including the passenger and light-duty vehicles. In Austria, there is a purchase subsidy of up to 4000 euros for BEVs, of which the federal government gives 25000 euros and 1500 euros is the additional rebate from the industry. Finland also offers a direct purchase subsidy of 2000 euros for BEVs which cost less than 50,000 euros.



An investigation [37] signaled subsidies at the point of purchase to make BEVs attractive to individuals at the point of decision-making, mainly due to the dissimilar cost distribution in the amounts granted to HEVs, PHEVs, and BEVs. A parallel study [28] also identified the availability of government grant to be highly pivotal for firms that incorporated EVs into their fleet. However, studies [38,39] found the impact of price-reducing subsidies to be limited. Liao et al. [38] suggested that the higher symbolic value attached to higher-priced cars may discourage some potential buyers. At the same time, Huang et al. [39] highlighted that purchase incentives’ effectiveness depends mainly on the consumer’s bargaining power.




3.1.2. Value Added Tax (VAT) Exemption


This incentive exempts the buyer from paying value-added tax or purchase tax. Different countries apply different methods based on their fiscal policy while calculating the tax exemption. For example, in France, the 100% of the VAT can be recovered on electricity, as in Norway, where the potential buyers are exempt from the VAT. In Austria, the companies owning BEVs are exempted from VAT (eligible for pre-tax deduction), while in Portugal and Netherlands, the tax reduction/exemption is based on CO2 emissions. BEVs are totally exempted from paying tax in the Netherlands.



These exemptions, which effectively reduce the initial price of EVs in general and BEVs specifically since they have zero tailpipe gases, have been confirmed by multiple studies to be a significant predictor of EV adoption [28,40,41,42]. Notable among these studies by Bjerkan et al. [41], whose survey of about 3400 BEV owners in Norway found VAT exemption as a critical incentive that positively influenced the purchase decision of more than 80% of the respondents.




3.1.3. Vehicle Registration Tax (VRT) Benefits


All motor vehicles entering a country should be registered within a specific period of time. According to the rules of the country, an amount of money will be charged as a tax called the registration tax. The procedure and amount of money differ among different EU countries and type of vehicles. BEVs are categorized as zero CO2 emission, and they are exempted from the VRT tax in Norway, Netherlands, Spain, Hungary, and Poland, while in the UK they also exempt zero-emission vehicles but with the price condition. Here, only vehicles with a price less than or equal to 40,000 pounds (47,000 euros). France exempts all vehicles under 120 g CO2/km from this type of tax. Austria also exempts all cars with less than 90 g CO2/km from paying VRT [43].



In an econometric analysis investigating the impact of fiscal policies on new passenger cars, Gerlagh et al. [44] submitted that a greater CO2 sensitivity of registration taxes would influence the purchase of more environmentally friendly vehicles. In addition, for countries like Denmark, where the vehicle registration tax is high, the outcome of the stated choice experiment by Mabit and Fosgerau [45] concluded that VRT benefits would boost the market adoption of alternative-fuel vehicles. However, just about half of the survey sample in Bjerkan et al. [41] considered VRT benefits critical to their BEV purchase decision.




3.1.4. Ownership Tax (Circulation or Road Tax) Benefits


Ownership tax is known by various names as a road tax or annual circulation tax. It is applied to all wheeled vehicles using public roads, and the amount is based on weight, fuel type, or CO2 emissions. In countries where the tax is based on fuel type or CO2 emissions, BEVs are granted a reduction in circulation taxes and total exemption in other places, as they have no tailpipe emission. For example, Norway’s circulation tax is based on the fuel type. Both BEVs and PHEVs are granted a reduction, and they pay the least among other classes of vehicles. In Germany, Sweden, Netherlands, Austria, Portugal, and Hungary, all types of EV and plug-in are exempted from the annual circulation tax for five years starting from the date of registration. The UK also legislated a rule which exempts the zero-emission vehicles’ value less than or equal to 40,000 GBP (47,000 euros). Italy exempts the EV owner from annual circulation tax for five years from the date of registration. After that, they will benefit from a 75% reduction of the tax rates applied to the equivalent petrol vehicles in many regions. In contrast, France does not have a road tax at all.



Different studies have investigated the annual tax effect on PEV adoption. Hackbarth and Madlener [46] studied the impact of yearly tax exemption on alternative fuel vehicles (AFVs), which include BEVs. They concluded that removing this incentive would negatively impact the AFVs market in general, including BEVs.



A study [40] established that BEV potential buyers in Norway consider road tax discount/exemption as an important factor behind their decision to buy BEVs and impact the purchase decision of 49% of the BEV buyers. This result is consistent with the results of a study in the Netherlands [15], which concluded that a road tax exemption is an essential factor, and without them, the market will be negatively affected.




3.1.5. Company Tax Benefits


Companies or corporations that have BEVs in their fleet are often exempted from paying taxes on such vehicles. Company tax, also known as corporation tax, is a direct tax levied by authorities on the corporations. It is also referred to as income or capital tax, which is usually imposed at the national level or sometimes at the state or local levels. In Hungary and Austria, BEVs are exempt from the company car taxes. Norway and the UK reduce the taxes on the company cars, while Germany offsets the list price by 500 euros per unit of battery size, expressed in kilowatt-hour (kWh). France applies different rules for this type of tax, according to which it is calculated based on two elements, namely the CO2 emission-based, estimated with a staggered approach, which exempts vehicles less than 60 g CO2/km, and the second component is based on environmental impact, which is very high for the old diesel vehicles while EVs pay only 20 euros per year. In Sweden, in addition to the purchase incentive, the tax is also reduced for the private usage of company cars.



While not many studies have directly investigated the motivation for BEV adoption by corporate fleet managers, an evidence [47] has attributed the share of BEVs in the Netherlands to the tax exemptions for company cars which are procured as a typical job benefit in many European countries. A recent survey with Swiss fleet managers had 56% of the respondents identifying the reduction of vehicle taxes as an important or very important policy instrument to motivate the electrification of the corporate fleet [48].




3.1.6. Discounted/Free Parking


Parking for free in public places for PEVs or at heavily discounted rates is one of the policy incentives offered to the user in different countries to encourage more potential buyers to switch to electric mobility. Various researches have addressed the effect of free parking incentives on the adoption of electromobility.



Different methodologies are used to study the effect of the discounted/free parking for PEVs, including statistical analyses, interviews, and surveys across different geographical locations, including the USA, Europe, and China. Statistical analysis conducted on the data gathered from the USA, Europe, and China [49], Norway [50,51], and Sweden [52], concluded that the PEVs and free parking are correlated, and the effect is more noticeable in urban areas. Moreover, stated preference studies in the USA [53], in Germany [46], and in China [54] inferred that free parking was an important incentive for some of the potential buyers.



As asserted in separate studies [41,55] involving PEV adopters in Norway, free parking is the second most important incentive. Nevertheless, other studies found that free/discounted parking is ineffective or has less significant impacts when compared to other types of stimuli in the PEVs market. For example, Krause et al. [53] found that free parking can encourage the potential buyer, but only 1.7% of the adopters were aware that the parking is free for the PEVs in their region, while other study [56] determined that purchase subsidy and infrastructure development were more important for the potential buyers.




3.1.7. Free Access to Toll Roads


Toll roads are also known as turnpikes or tollways. These roads are either owned by the government or privately owned, and access is granted based on the payment of a fee or toll. It is also considered a form of road pricing applied to roads to help with their construction and maintenance. The fees usually vary according to the vehicle’s type, weight, and number of axles in the case of freight vehicles.



Electric vehicles are also a part of the road transportation system, although their number is still small compared to conventional vehicles. Toll roads are also used as an incentive for encouraging the market, where PEVs are granted access at no cost to these types of roads in some countries, to encourage more PEVs potential buyers and particularly BEVs adopters.



Bjerkan et al. [41], furthermore Figenbaum, and Kolbenstvedt [55] postulated that the toll road exemption is an important incentive that affects potential adopters’ purchase decisions. Zhang et al. [57] also inferred in a stated preference survey conducted in Norway that exempting PEVs from toll roads would increase their chance of purchase. On the other hand, other study [50] could not find the relation between the PEV market and toll exemption. Huang et al. [36], similarly, were unable to establish the correlation between toll fee discounts for PEVs and purchase decisions. However, the effect of this incentive is mainly considered for HEVs and PHEVs, with BEVs being side-stepped. This is because toll roads are usually intercity highways, and BEVs are typically not considered for long-distance trips due to their limited ranges, especially if charging infrastructure along such routes are inadequate.





3.2. Non-Financial Incentives


At the other end of the spectrum, there are non-financial incentives, which are special privileges offered to EV users and potential adopters with no direct cost of provision borne directly by the user. These privileges are usually recurrent and enjoyed during the ownership of the vehicles until the enabling policies are changed, suspended, or reversed. The most notable types include charging infrastructure development and access to exclusive traffic lanes. Other incentives offered to the potential buyer, or actual EV user after the purchase or during the EV ownership, can be considered non-financial incentives if there is no actual physical payment or discount or exemption offered to user and adopters. They are recurrent during the lifetime of vehicle ownership, such as access to bus lanes or the development of infrastructure, including intracity (increasing the number of fast and slow charging points) and intercity (number of charging points per 100 km of the highway).



3.2.1. Infrastructure Development


To douse the range anxiety associated with EV usage, governments at different levels, apart from providing financial incentives for the installation of private charging equipment, also invest massively in the provision of charging infrastructure in public places within the urban area and on highway routes. While the provision of charging infrastructure is key for the market penetration of EVs, investigating the interdependence of the two is quite complex.



Studies undertaken to investigate the effect of infrastructure on plug-in electric vehicles (which include BEVs) have established a positive relationship between the market penetration levels and the number of charging stations through their statistical analysis of existing data [49,50,58,59,60]. Nevertheless, it is difficult to ascertain whether the provision of charging infrastructure is responsible for the boost in EV adoption or vice versa as this is a classic chicken and egg strategy problem. Supporting the argument that charging infrastructure has the potential to boost the sales of electric vehicles, a survey conducted across 20 countries had 42% of the study sample who are EV users opining that installation of a charging network on freeways is a factor positively affecting the adoption of EVs [56]. Similarly, stated preference surveys [36,57,61] among potential EV adopters inferred that the development of charging infrastructure could reduce the range anxiety and consequently increase the probability of purchasing BEVs.



Other studies found that infrastructural investment is not effective in incentivizing electric vehicle adoption. Hardman and Tal [62] particularly studied the effect of infrastructure using data from in-depth interviews and found that public infrastructure provision in urban areas did not motivate the users of electric vehicles since most respondents mostly charge their vehicles at home, while others acknowledged workplace charging as an important factor behind their BEV adoption decision. Regardless of the interdependency, the availability of charging infrastructure remains a plus for BEV users.



However, to make charging infrastructure more effective in the drive for increased BEV market penetration, the focus of public charging station investments should shift away from urban areas to intercity highways and rural areas. This is in line with other recommendations [36,63] as urban areas mostly have the more sustainable active and public transport alternatives, which are often unavailable in rural areas. Moreover, refocusing charging infrastructure to these areas would imply that BEVs will be more suited for long-distance intercity trips, thus making them attractive to rural residents whose commute range is more fitting to the discharge–recharge cycle of BEVs, and thereby allowing them to fully harness the lower operating cost potential of BEVs [64].




3.2.2. Access to Restricted Traffic Lanes and Areas


BEVs are granted access to restricted traffic lanes and areas, which include bus lanes, pedestrianized areas, and high occupancy vehicle (HOV) lanes (also known as carpool lane, diamond lane, 2+ lane, T2 or T3 lane) in some places during traffic rush hours only or round the clock. The exclusive access given to these vehicles in many cities has proven to be pivotal to market adoption [41,65,66,67,68]. While a few studies [50,69] could not find a significant correlation between market adoption and access to HOV and bus lanes, Kurani et al [70] argued that the benefit and impact of access to these exclusive lanes differ by geographical location depending on the traffic congestion level and the availability of these restrictive lanes for EV usage. Based on these studies, it can therefore be concluded that the effectiveness of this incentive largely depends on the traffic condition, congestion levels, and the market penetration level of EVs within the urban fleet.





3.3. Disincentivising ICEVs


While the incentives discussed so far have been targeted at providing benefits to BEV adopters, there are a couple of policy measures that do not offer direct utility for these users but instead focus on discouraging the proliferation of ICEVs. The application of these measures that reduce fossil fuel consumption and, by extension, lower GHG emissions has been indicated to positively affect electric vehicle market in general and BEVs in particular.



The increment in fuel prices is not necessarily due to the tax increase or any policy interferences. The global trend is more actively going towards more green energy and sustainable means of transport to reduce GHG emissions. Therefore, as a policy intervention, the fuel price in general increased. Increasing the fuel tax, fuel duty, or gasoline taxes are general measures to manage fuel consumption, emissions, or increase revenues. Although a disincentive for conventional vehicles, this increment could simultaneously be an effective incentive for PEVs in general and BEVs especially. This relationship was supported by the outcome of several research studies [60,65,71]. However, it should be noted that Adepetu et al. [58] could not get obtain any indication to posit that a hike in fuel prices can affect the market share of EVs.



Similarly, a vehicle ownership tax increment targeted at conventional vehicles for environmental reasons can influence BEV sales, as it reduces the cost-competitive advantage ICEVs might have over BEVs as the latter are often exempted from these tax increments. Whether it is intentional or not, this policy could affect the PEV market by increasing the operational costs of the conventional market. Besides, exempting the PEVs vehicles from such taxes might spur their demand [72].





4. Discussion and Conclusions


This study investigated a set of barriers that may hinder the wider adoption of BEVs worldwide. Among the factors considered, the high purchase cost (including the expensive battery technology and the market volatility of battery resources) is one of the main factors hindering market growth. The range and refueling time factors also negatively impact the market penetration. However, BEV users may act on them through conscious vehicle selection and travel planning. The extent of the impacts may vary across the countries, so the demographic, economic, geographical, and cultural nuances could affect these findings.



The authors investigated three main categories of incentivizing measures: financial incentives, non-financial incentives, and disincentives (towards ICEVs).



Insofar as social costs of ICEVs are not highly or totally internalized (see disincentivizing ICEVs), users tend to maintain their existing habits, favoring the less expensive technologies. Consequently, despite the various direct financial incentives that aim to reduce the purchase prices, they have only limited impacts on the market, so electric vehicles may remain the preferred choice of only higher income level users. Among the financial incentives, the most promising, indirect measures are rather linked to the usage of BEVs.



The non-financial incentives are special privileges for the BEV users. Among them, the charging infrastructure development for intercity traffic seems to be crucial towards market penetration, while it has less impact on the market of vehicles generally used for intracity traffic. The authors concluded that the expected impacts of non-financial measures are largely dependent on local conditions.



Disincentives for conventional vehicles may positively impact the BEV market, but this is only a secondary effect of policy measures towards greening the transportation and making it more sustainable.



The phases of evolution for electric vehicle markets will require different measures in time. While market intake shall instead focus on direct financial incentives and non-financial incentives, later, the depth of penetration will depend on indirect financial incentives and non-financial incentives, while in the long term, the ICEV disincentives may stand in focus. Besides the disincentives, the financial and non-financial measures are expected to be phased out in the long term [73]. While the different incentives may have various impacts on the BEV market, additional incentives may supplement or even boost these impacts, especially in making synergies between the market phase depending on incentive category. Moreover, the bulk of the incentives are geared towards the traditional business model of private car ownership. Thus, targeting novel and innovative business models such as the mobility as a service (MaaS) business models will play a significant role in fully harnessing the potential of BEVs.



Providing clean and green transport through an economically efficient and socially progressive approach without compromising the mobility needs of the present and future generations is the goal of sustainable transport. Of course, achieving sustainable transport in urban areas will imply reducing the overall automobile dependency. However, it is fundamental to understand that vehicle electrification in its truest form powered by clean energy will play a significant role in that transition and cannot be discarded [74]. BEVs are gradually gaining market penetration, although slower than their hybrid counterparts, despite the environmental demerits of the latter [25]. The pace can be accelerated through purposive policy strategies to make BEVs the basic EV choice, primarily through non-financial market incentives and public environmental education. This needs to be reinforced and explored further [75,76].



Nevertheless, decision-makers may need to find the balance between the different categories as excessive incentivizing, due to extra burdens on public funds and unwanted growth in vehicle fleets, may lead to counter-productive consequences in the long term. Therefore, electric mobility incentives have to be implemented as part an integrated approach with other urban mobility actions and measures, including improving public transport, encouraging active mobility, and adopting urban vehicle access regulations, and also in tandem with all stakeholders and institutions within and beyond the automotive sector and urban planning ecosystem. This is key for the sustainability of future transportation.



The findings of this study make it clear that there are positive impacts and interactions of the BEV market incentives. However, the local socio-demographic and socio-economic factors influence their extent. Consequently, a comprehensive statistical analysis and sophisticated qualification of market incentives across the most prominent countries have to be undertaken to obtain a deeper understanding of attributes for such measures and a more specific set of policy measures for decision-makers.
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Table 1. Factors influencing EV adoption decision making.
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	Formal Social Unit
	Collective Decision Making Unit
	Individual Level Unit





	Operational features
	Attitude towards electric vehicles
	Demographics



	Charging infrastructure
	Charging infrastructure
	Attitude towards electric vehicles



	Economic performance
	Charging solutions
	Environmental values, beliefs, and norms



	Regulations, policy practices, incentives
	Characteristics of EV use
	Social influence and social factors



	Environmental aspects
	-
	Regulations, policy practices, incentives



	-
	-
	Experience with electric vehicles and general awareness about EVs



	-
	-
	Preference, lifestyle, and habits with respect to EV use







Source: Biresselioglu et al. [16].
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