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Abstract 

The research aims to identify the key drivers and barriers to EV adoption, inform policymakers and guide future research in 

the Philippines. The study used a descriptive survey method with 150 Metro Manila car dealership customers as 

respondents. The research findings indicate that single-family homeowners are willing to invest in EVs if charging 

infrastructure is available at home. EV safety, dependability, power, performance, design and availability are crucial for 

increasing EV adoption. Awareness and incentives were identified as hindrances to adoption.  The research suggests that 

technical fixes and policy tools are needed to promote EV adoption and knowledge sharing is necessary to raise customer 

awareness. A neural network model was created to determine the willingness to purchase an EV. The findings have 

implications for policymakers, EV manufacturers and stakeholders interested in understanding barriers to EV adoption. The 

research highlights the importance of safety, reliability and environmental benefits in joint household purchase decisions. 

The study identifies economic, technological, policy, infrastructure and social barriers to EV adoption and suggests the 

need for targeted initiatives and information dissemination to overcome these barriers. The report acknowledges limitations 

and offers avenues for future research to explore additional factors and variables influencing EV adoption. 
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1. Introduction 

The transport sector has an important role to play in the economic development, population dynamics and 

urbanization of a country.  It enables individuals to reach their destination and to take advantage of resources that meet 

their individual needs.  

Around 40% of the world's CO2 emissions and climate change are caused by the burning of fuel in transport 

operations which leads to a rise in the costs of transport infrastructure both directly (such as damages) and indirectly (such 

as reconsidering design concerns) [1]. Decoupling mobility from fossil energy needs is one of the possible solutions to 

these problems [2, 3].This process greatly benefits from electric mobility [4] and its potential is shown by the rising 

percentage of electric cars (EVs).  It is a growing market worldwide. EVs have significant environmental benefits in 

comparison to conventional vehicles as they reduce reliance on fossil fuels   but they require massive investment in 

infrastructure charging and their market price is much higher. The use of EVs may help reduce emissions, global climate 

change  and oil dependency. EV market penetration is relatively low despite vigorous marketing strategies being used by 

various governments.  

Many government agencies have designed and executed policies to encourage the production and use of EVs [5].   

Increased consumer awareness of EV preferences will make these policies more efficient and successful.  Yeh [6] asserts 

that although e-mobility has experienced significant research and development, consumer adoption has received less focus. 

The development of new alternative electric vehicles and their long-term success are crucial because they play an important 

role in the function of EVs in the vehicle technology ensemble.  

Despite the numerous advantages of EVs, many barriers to their widespread adoption have been identified. One 

reason for this slow adoption is consumer perceptions of EVs [7, 8]. Previous research has identified and reported on 

various barriers, factors  and issues related to the diffusion of EVs [9-11]. They did not present a framework for identifying 

and analyzing these barriers in the case of electric vehicle use based on a review of the literature. Furthermore, the country's 

economic situation and resource availability prevented all of the barriers from being addressed at the same time, and there 

was no comprehensive research that emphasised all the impediments within a comprehensive strategy at a specific time 

[12]. A deeper comprehension of the obstacles to EV use is needed in order to eliminate them and accelerate adaptation.  

The current study attempts  to bridge these gaps. 

This paper presents a market assessment with the goal of attracting a larger number of consumers of electric vehicles. 

It is of great importance to determine which factors are important to consumers when making product and consumer-related 

purchasing decisions for electric vehicles. Furthermore, the goal of this research is to identify the key drivers and barriers to 

EV adoption to inform policymakers and guide future research more effectively. 

  

2. Materials and Methods  
More information that is accessible to the public is required due to the EV market's development. Consequently, 

previous research primarily focused on surveys that examined specific contexts of EV purchase by consumers [13, 14] or 

the consumer characteristics associated with EV buying [15-17]. However, consumers in emerging markets  mainly those 

interested in green innovation products  often exhibit an "attitude-action gap" [18]. There is a substantial gap between 

consumers' "intent to purchase" and actual buying behaviours, despite the fact that they may be inclined to buy 

environmentally friendly items owing to financial or environmental advantages.  

According to the Philippine Electric Vehicle Policy Analysis Report [19], the number of electric vehicles sold globally 

has experienced rapid growth in recent years. Global sales exceeded one million in 2015, two million in 2016 and three 

million in 2017 [20, 21] (see Figure 1). In 2018, the global electric vehicle fleet, including light vehicles, reached 5.4 

million units with 2.1 million units sold  indicating a remarkable increase of 64.150% compared to 2017. 

 

 
Figure 1.  

Global xEV population and sales, 2010-2018.  
Source:  IEA [20]; EV Volumes [21] and Biona [19]. 
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Electric motorcycles and electric tricycles (E-trikes) dominate the EV market in the Philippines with electric cars and 

electric utility vehicles (i.e., e-jeepneys) accounting for a minor share. Figure 2 depicts the most recent actual statistics on 

the national summary of electric vehicles. It should be noted that the registration of light electric vehicles was recently 

established. As a result, the data represents officially registered units which are assumed to be fewer than the actual EVs 

currently operating on the route. The coverage of hybrid electric vehicles in registration data is also unclear as is the 

breakdown of electric car variants (e.g., sports utility vehicles and sedan). 

  

 
Figure 2.  

EV registrations in the Philippines, 2017. 
Source:  Land Transportation Office (LTO)  Biona [19]. 

 

3. Drivers and Barriers to EV Adoption 
An electric vehicle (EV) is a type of vehicle that uses an electric motor to power its wheels [22]. It is not only 

considered a modern vehicle but also has the best engine efficiency of all currently used propulsion systems and emits no 

exhaust emissions.  Additionally, Anderson and Anderson [23] argue that EVs are less polluting and more energy-efficient 

compared to conventional fuel-powered cars. They are also more cost-effective and capable of covering nearly double the 

distance of a regular fuel car. Studies indicate that the adoption of electric vehicles is primarily influenced by economic, 

technical, social, infrastructure  and policy factors  that serve as both drivers and barriers to adoption. 

 

3.1. Economic Attributes  

The cost of purchase is a common aspect addressed in the reviewed studies. Many studies adopt a pivotal design to 

analyze this attribute   wherein market prices are customized and centered   on the price of a reference vehicle specified by 

each respondent. The usefulness of electric vehicles (EVs) was found to be negatively and significantly impacted by the 

purchase price across all studies. Most studies examine this relationship linearly except for a few exceptions. For instance, 

Ziegler [24] attempted to capture the non-linear effect using price logarithms. Rasouli and Timmermans [25] discovered 

that when the price of an EV significantly exceeds that of a conventional vehicle (CV), the variability is notably high. 

According to Achtnicht, et al., some studies indicate that individuals with higher incomes are less sensitive to price than 

those with lower incomes. At the same time, Jensen, et al. [27] found this effect insignificant. 

Vehicle size also plays a role in price sensitivity. Jensen, et al. [27] found that buyers of smaller vehicles exhibit a 

higher marginal utility of price. Price is a primary consideration for car buyers. Moreover, individuals who prioritize a car 's 

practicality over its design are less influenced by price [28]. The strategic value associated with conventional vehicles 

(CVs)  which are generally cheaper  contributes to buyer reluctance to adopt EVs [29]. This relative advantage of lower 

purchase prices for internal combustion vehicles is recognized as a significant hindrance to EV adoption [30]. 

Other economic indicators  such as battery replacement costs, fuel expenses  and credit availability  can also impact the 

distribution of EVs. Many countries now offer various financial incentives to foster a competitive market for EVs  and 

experience  has shown that such incentives can partially address economic barriers. 

 

3.1.1. Purchase Price Increase 

Consumers are concerned about the higher cost of purchasing EVs. EVs have a higher market price than CVs due to 

higher manufacturing costs [30]. Subsidizing the purchase of electric vehicles has become a significant option in several 

countries to market the product. Plug-in   Hybrid  Electric  Vehicles (PHEV)  are even more expensive due to the 

complexity of their dual operations [31]. 

 

3.1.2. Battery Price 

The battery life of an EV is limited to eight to ten years [13]  and the cost of replacement is borne by the consumer. 

This is a significant barrier to EV adoption. Prior studies have also shown that the cost of the battery accounts for a sizable 

portion of the total cost of an EV purchase [32]. 
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3.2. Technical Barriers 

Vehicle industry technological advancements can have a substantial impact on reducing emissions and vehicle fuel 

efficiency [33]. EV adoption is hampered by a lack of interoperability, limited supply, a lack of model options  and 

performance or technical concerns [8]. EVs are still in their early stages when compared to conventional vehicles (CVs)  

and their quality can be undermined by financial constraints during the production process. 

 

3.2.1. Limited Range (One-Time Travel Distance at Full Charge) 

EV batteries must be charged for the vehicle to operate   and their storage capacities define how far the vehicle could 

travel on a single charge. Range anxiety is one of the most common user concerns with EVs [27, 34]. Customers who do 

not frequently travel long distances are more likely to be interested in EVs [35]. As a result, a limited range can be 

considered a significant technological barrier. 

 

3.2.2. Reliability and Performance 

Prospective consumers are usually concerned about EVs' technological performance since they are less innovative than 

CVs which affects their willingness to use EVs[35]. User perceptions of battery electric vehicles (BEVs) are known to be 

affected by poor performance [36] whereas system stability is a significant barrier to increased EV deployment [37]. As a 

result, a lack of data on reliability and efficiency is another technological impediment. Electric vehicles (EVs) are propelled 

by charged batteries. However, the standard EV battery warranty  that has recently been developed  will last between eight 

and ten years. After this time span of battery life, the user is responsible for battery replacement. The batteries are also 

prone to overcharging  which is an issue for EV owners [13]. Battery life is limited necessitating recurrent replacement 

parts  which is a substantial challenge for EV owners [38, 39].  

  

3.2.3. Fewer Electric Vehicle Models 

The limited variety of design models influences EV adoption. A larger selection of automobile models can attract a 

larger consumer base [40]. Thus, the limited availability of EV models displays another challenging problem that restricts 

users' options [35]. EV research, development  and production are the responsibility of the EV manufacturing industry. 

However, the production of different EV models is typically limited [37]. 

 

3.2.4. Branding and Variety 

Valeri and Danielis [41] included the car model in the label of the choice experiment.  However, the effect was not 

separated by fuel type. Customers would prefer brands from selected countries [42]. According to Hoen and Koetse [43], 

more EV models on the market increase  the likelihood of buying an EV. It could be interpreted as a measure of the EV 

market's maturity, influencing customers’ perspectives of uncertainty because there are currently only a few other brands 

offering EVs. This  could potentially reduce EV sales  and some prospective EV purchasers may dislike the specific brands 

or favor more viable alternatives. 

 

3.2.5. Recharging Time 

Charging time is one of the important factors. The significance of charging time was consistently highlighted across 

these studies  with the exception of the research conducted by Bockarjova, et al. [44]. However, none of the study findings 

differentiated between slow and fast charging methods. The duration of charging is influenced by the power of the charging 

station and the capacity of the vehicle's battery. At home or work, EVs undergo slow charging, requiring 6-8 hours for a 

full charge. On the other hand, fast chargers can replenish the battery up to 80% within 15-30 minutes  making them 

suitable for long journeys. It is important to note that the definition of "charging time" varies significantly depending on the 

specific circumstances and charging infrastructure available. 

 

3.2.6. Performance 

Engine power, acceleration time  and top speed are commonly used indicators of performance  and consumers generally 

prefer better performance. However, the significance of acceleration time can vary due to diverse preferences within the 

population. According to Potoglou and Kanaroglou, males tend to prioritize faster acceleration; females may have a 

preference for slower acceleration [45]. Furthermore, Potoglou and Kanaroglou [45] observed that shorter acceleration 

times are of greater importance to individuals who are single. Hackbarth and Madlener [46] also found that 

environmentally conscious individuals experience greater disutility from the same level of emissions. 

 

3.3. Infrastructure Barriers 

Infrastructure attributes play a crucial role in addressing the availability of charging infrastructure. Different 

researchers have adopted various approaches  including assessing the density of charging stations compared to gas stations 

considering the proximity of the nearest charging station to one's home  or examining the presence of charging facilities in 

different locations such as homes, workplaces  and shopping centers. In most studies, the availability of charging 

infrastructure has shown a significant positive impact. Additional charging facilities reduce range anxiety worries and can 

help consumers save time and money.  Achtnicht, et al. [26] identified a non-linear relationship with diminishing marginal 

utility. Additionally, specific groups may exhibit preferences for charging stations in different locations. For instance, 

Jensen, et al. [27] observed that long-distance travelers place a higher value on chargers at work sites than others and favor 

a greater density of charging stations. 
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EV owners can depend on home charging if their regular distance is within the range of the EV  which is true for many 

people [47]. According to Bunce, et al. [48], after  a testing period, customers tend to prefer recharging at home to refueling 

at gas stations because of the convenience  [48]. In contrast,  using an EV on a regular schedule is nearly impossible if there 

is no charging station at home or work as EVs rely primarily on slow charging. There are only a few charging stations. 

Many charging stations are required for the spread of EVs. The unavailability of charging stations has been recognized as a 

barrier to consumer adoption of electric vehicles [32, 49]. Since the number of EV users is still low and has   potential,   EV 

users are apprehensive about investing in E-vehicles. The government and industry are reticent to make investments in 

charging stations. 

 

3.4. Social Barriers 

A social factor particularly consumer understanding of EV attributes has been deemed to be a significant influencing 

variable in users' decision to buy EVs rather than CVs. In this regard, the communication of relevant information is critical 

[50].  According to Egbue and Long [32], social barriers to adoption may be as important as technical factors. Consumer 

knowledge, experience, environmental concerns and perceived EV quality all influence a consumer's decision to buy an 

EV. 

 

3.4.1. Lack of Knowledge on EVs 

Market failures can occur when customers have insufficient information about a product. Precise data dissemination is 

critical to ease the transition to products like electric vehicles [51]. Awareness of the value of an EV among potential users, 

government subsidies, infrastructure  and potential fuel-related savings are all most likely to be factors in EV adoption [52]. 

This   barrier can provide potential users with the necessary general information about EVs. It takes no account of EV users' 

perceptions of product quality. 

 

3.4.2. Insufficient Environmental Awareness Regarding EVs 

According to Sierzchula, et al. [5], one of the prime advantages of using EVs   is lower emissions. Potential buyers are 

frequently unsure about the potential reductions in emissions from EVs and they are sometimes uninformed about the 

environmental harm caused by greenhouse gas emissions from CV use. Increased environmental awareness about EVs has 

accelerated the rate of EV adaptation. 

 

3.4.3. Lack of Consumer Understanding of EV Product Quality 

Customer perceptions about the quality of EV products may influence their decision to invest in EVs. Consumers who 

are poorly informed or misinformed are more likely to be reluctant to buy EVs. Actual versus perceived product quality 

constraints  such as those related to performance and reliability, range capacity  and other technical issues  may cause a 

perception gap among potential EV users [36]. Therefore, customers need to be educated about the quality of EVs as this 

social factor is considered necessary for their acceptance. EVs are still a relatively new technology on the market.  This 

barrier is limited to concerns about product quality. 

 

3.5. Policy Attributes  

Policy attributes include various policy instruments for encouraging EV adoption. If a specific policy attribute's 

preference parameter in the final choice model is significant, the policy can be deemed highly effective. Annual tax 

reduction would seem to be the only significant policy in terms of usage cost reduction policies while free parking and toll 

reduction would not seem to be significant in any of the studies that investigated their impacts. The effectiveness of various 

types of tax reductions demonstrates the disparity between people's perceptions of taxes and other expenditures. 

Indifference is mostly caused by high accessibility to parking spaces as well as cheap or free parking [44]. 

Granting electric vehicles special privileges, such as limiting the entry of gasoline-powered two-wheelers in urban 

areas of China has the potential to enhance the acceptance of electric vehicles [53]. Another feasible option could involve 

permitting electric vehicles to use high-occupancy vehicle or bus lanes [54]. Several local or national government policies 

aim at subsidizing EV purchases [55]. This resulted in a significant increase in EV market penetration in certain parts of the 

world  such as Norway and the Netherlands. Moreover, both governments and businesses (such as parking lots and 

automobile manufacturers) continuously promote EVs by providing subsidized (free) charging [56]. 

  

4. Method 
This descriptive type of research aims to provide a market assessment to attract a greater number of electric vehicle 

buyers. It is of great interest to find out which factors are important to customers when buying products and making 

consumer-related purchasing decisions for electric vehicles. Furthermore, the purpose of this research is to determine the 

key drivers and barriers to EV adoption. The descriptive survey method is used to achieve the objective of the study. Focus 

groups validated the quantitative survey and provided the researcher with a solid foundation and in-depth knowledge of 

electric vehicles. Cronbach's alpha was used to assess the scale's reliability by measuring the consistency between 

questionnaire respondents and dimensions. The Cronbach's alpha for each dimension is greater than 0.7 indicating that all 

dimensions are highly reliable. 

150 potential purchasers of electric vehicles were purposefully and randomly selected to participate in this research 

study as respondents. Data was collected from prospective vehicle sales clients in Metro Manila and surrounding areas. The 

respondents were also provided with additional information and elements to think about before being questioned about their 
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views towards EVs.  The researcher used graphic descriptions of EV technologies and charging.  In order to provide 

responders with enough information about EVs, we need to consider their prices, prospective government purchase 

incentives and environmental effects.  

 

5. Results and Discussion 
This section presents, analyzes  and interprets the collected data from the study. 

The ability to install EV charging equipment at home differs for those who live in single-family houses versus 

multifamily dwellings as well as for people who rent versus own their homes; therefore, it is crucial to compare home 

ownership trends.  Renters and residents of multifamily housing may face more challenges in installing EV charging 

equipment because they will most likely need additional approval and coordination with landlords and Homeowners 

Associations (HOAs). Figures 3(a) and 3(b) demonstrate that 60% of respondents live in single-family houses  and 82% of 

home owners said they would buy an EV if charging was available at home. 

 

 

 
Figure 3.  

Home ownership statistics. (a) Owning or renting a house, (b) Living in single-family or multi-residential house. 

 

According to Liao, et al. [57], the categories of individual-related variables most commonly  included in preferred 

studies are socioeconomic and demographic characteristics. It is unclear whether the effects of all important socioeconomic 

and demographic variables  such as gender, age, income, education level  and household composition  are positive, negative  

or non-significant at all. 

  

5.1. Vehicle Purchase Decision, Ownership and Preferences 

Many households will make the decision to buy an EV together. Almost half of the sample population is married  and 

48% of those who buy a vehicle do so with their spouse or significant other as shown in Figures 4(a) and 4(b)  respectively. 

Single-family homeowners are more likely to purchase a new car as shown in Figure 5(a) because new car sales will drive 

the primary market for EVs over the next five years.  It is critical to understand the likelihood of each segment purchasing a 
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new vehicle. The majority of respondents are willing to spend one million to two million pesos on a new car referring to 

Figure 5(b).  

 

 

 
Figure 4.  

(a) Marital status and (b) Purchase decision of respondents. 
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Figure 5.  
Purchase of vehicle. (a) Buying a new or used car and (b) Willingness to spend for a new car. 

 

According to Greene [58], the purchase price   is the most crucial component in the purchasing decision-making process 

because it determines the parameters of all other factors mentioned due to the desire of customers to achieve maximum 

marginal value  which is associated with a higher purchase price. The preference of respondents for a type of vehicle 

explains their values, interests  and lifestyle choices.  Many respondents prefer gas compact vehicles and sport utility 

vehicles (SUVs). The respondents are more likely to drive hybrids indicating a preference for environmentally friendly 

vehicles and fuel efficiency. Others prefer luxury cars, minivans  and other vehicles. Respondents who have owned a 

vehicle for 3 to 5 years would like their car to be replaced (see Figure 6(b)). Hence, in exchange for the dependability of the 

automobile, this market is not reluctant to pay up front. 

 

 

 
Figure 6.  

Purchase of vehicle. (a) Type of car and (b) Time to replace the old car. 

 

Consumer interest in buying a new car will be encouraged by a better understanding of EV power and performance as 

well as safety and dependability.  According to Table 1, most respondents agree that safety and dependability are important 
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considerations when purchasing a vehicle. In comparison to exterior and interior design, more than half of respondents are 

concerned with power and performance. The study's participants expressed a need for more modern EV designs and model 

availability.  To gain attraction, EVs must compete on more traditional vehicle quality metrics. According to Greene [58], 

consumers place a high value on the brand and model variety of a vehicle. Other factors that contribute to electric vehicle 

market penetration include protection of the environment, reduced noise emission levels and the appeal of technological 

innovation. A willingness to pay extra allows for the inclusion of these advantageous features in the model for private 

customers.  Experience has shown that admitting a willingness to pay a higher price in a questionnaire does not correspond 

to actual observed purchasing behavior [59]. Nonetheless, it provides preliminary indications of the value placed on new 

technologies and the approximate extent to which people to pay more for them. The willingness to pay a higher price is 

common in market diffusion models of electric mobility [60]. 

 
Table 1. 

Mean and standard deviation of the EV attributes. 

Attributes 5 4 3 2 1 Arithmetic 

weighted 

mean 

Standard 

deviation 

Interpretation 

Reliability 84 45 15 5 1 4.37 0.85 Agree 

Safety 67 40 33 6 4 4.07 1.03 Agree 

Power and performance 79 44 16 7 4 4.25 1.00 Agree 

Exterior and interior design 66 51 19 9 5 4.09 1.05 Agree 

Availability of EV model 64 37 42 1 6 4.01 1.05 Agree 

General weighted mean 4.16 1.00 Agree 

 

5.2. Drivers of EV Adoption 

According to Table 2, the majority of the respondents agreed that “EVs were good for the environment”. Respondents 

were also asked which priority they thought was more important: environmental protection or economic growth or if both 

were equally important. Protecting the environment is more or equally important to 56% of respondents as economic 

growth.  Meanwhile, over 80% of those who responded to the survey thought global warming was a serious problem. 

Finally, respondents agree on the importance of reducing dependence on foreign oil. Many respondents are impressed by 

new technologies and are prepared to spend more for a car with modern technology.  Increased gas prices will motivate 

more individuals to purchase EVs. They are the most price- sensitive  but they are also concerned with lowering ongoing 

fuel costs. According to respondents, current gas prices are an important factor to consider when purchasing an EV. 

Increasing respondents' perceptions of the value of EVs will require a competitive price structure that is well 

communicated.   Many respondents were concerned about battery recharge costs because of a competitive rate structure 

that reduces charging costs.  Reserved EV parking spaces, subsidized parking fees, free charger installation  and number 

coding exemptions all prove to be effective incentives for attracting additional EV demand. Another way to add value to 

the consumer's experience is to provide parking spaces exclusively for EV drivers. 

  
Table 2. 
Drivers of electric vehicle adoption 

Attributes 5 4 3 2 1 AWM SD Interpretation 

Environment 83 31 24 12 0 4.23 0.85 Agree 

Reduce dependence on foreign oil 84 45 15 5 1 4.37 1.01 Agree 

Interest in new technology 67 40 33 6 4 4.07 0.87 Agree 

Willingness to pay more for technology 79 44 16 7 4 4.25 1.07 Agree 

Purchase price 66 51 19 9 5 4.09 0.81 Agree 

Cost to recharge battery 64 37 42 1 6 4.01 0.94 Agree 

Reserved parking slot for EV 83 31 24 12 0 4.23 1.01 Agree 

Subsidized parking fee 72 39 31 3 5 4.13 1.03 Agree 

Free charger installation 75 38 35 1 1 4.23 0.88 Agree 

Number coding exemption 68 50 26 5 1 4.19 0.89 Agree 

General weighted mean 4.16 1.00 Agree 

 

5.3. Potential Barriers to EV Adoption 

In general, there is a lack of knowledge about EVs and EV incentives   as evidenced in Figure 7. Only 4% of 

respondents said they were very knowledgeable about EVs   and only 0.7% was aware of available EV incentives (see 

Figure 7(b)). A lack of understanding about EVs and EV subsidies could discourage many potential adopters. Greater 

education and information about EV incentives would be most beneficial to EV adopters  as 36.67% stated that a lack of 

knowledge was an impediment to purchasing an EV  (see Figure 7(a)). Adoption is hampered by a lack of knowledge about 

EVs and available incentives. 
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Figure 7.  
Knowledge on (a) EV and (b) EV incentive. 

 

5.4. Validity and Reliability Testing 

In this study, testing the validity and reliability of measuring instruments is also considered. The usefulness of 

additional analysis and statistics is only accessible when the credibility of the data is within an acceptable range and the 

findings of the questionnaires are reasonable and credible.  

Cronbach's alpha reliability coefficient is used to assess the reliability of the data. The greater the value, the more 

reliable   the data. A reliability coefficient greater than 0.7 is generally considered acceptable while a coefficient less than 

0.7 denotes that the scale item must be modified. As a result, the Cronbach's alpha must be greater than 0.7. Cronbach's 

alpha  for the five constructs is all greater than the recommended criterion of 0.70  indicating that the measures are reliable 

and internally consistent (see Table 3). 

Infrastructures, economical, technological and social hurdles all provide substantial obstacles with social barriers being 

the least significant.  Adhikari, et al. [61] identified poor social acceptance of EVs as the main barrier. Economic barriers to 

EV adoption should be addressed first and foremost. Previous studies have cited the higher purchase price as a critical 

factor and it has been proposed that purchase subsidies may give EVs an advantage over CVs [37]. 

Technical barriers were ranked as the second most important barrier in this study. The availability of charging stations 

can help alleviate the issue of limited range [62]. The findings also showed that limited battery life and a lack of evidence 

regarding EV reliability and performance were the second and third technical barriers  with weights comparable to the issue 

of limited range. The findings show that these technical issues must be addressed to promote the use of EVs. 
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Table 3. 

Drivers of electric vehicle adoption. 

Construct Item Cronbach’s alpha Mean Rank 

Economic 

E1 0.836 

4.16 1st 

E2 0.836 

E3 0.837 

E4 0.838 

E5 0.836 

E6 0.837 

Technical 

T1 0.841 

3.81 2nd 

T2 0.842 

T3 0.836 

T4 0.836 

T5 0.836 

T6 0.838 

T7 0.838 

T8 0.839 

Policy 

P1 0.956 

3.77 3rd  

P2 0.837 

P3 0.837 

P4 0.838 

P5 0.837 

Infrastructure 

I1 0.841 

3.51 4th  

I2 0.843 

I3 0.799 

I4 0.784 

I5 0.796 

I6 0.838 

Social 

S1 0.848 

3.11 5th  

S2 0.843 

S3 0.839 

S4 0.837 

S5 0.841 

S6 0.837 

 

Policy barriers came in third because electric vehicles are new to the country.  Various policy instruments adapted to 

certain government objectives and goals would very probably be needed to encourage the use of EVs.  Subsidized parking 

fees, number coding  and free charger installation are examples of government incentives. According to our findings, the 

most important policy-related factor influencing EV use is the government's long-term strategic planning [61]. Consumers 

are unlikely to invest in EVs unless the necessary infrastructure is in place because they are a newer technology than CVs. 

As a result, policymakers and electric vehicle manufacturers should collaborate to develop and maintain the necessary 

infrastructure [52]. Among the barriers, infrastructure was ranked fourth. Consequently, government involvement and 

intervention in infrastructure development with the private sector are critical to meeting any EV adoption targets [62]. 

The experts considered social barriers to be the least important   as they did not believe they were as important as the 

other challenges. The most significant social barrier was consumer understanding of quality  followed by a lack of 

knowledge about EVs and a lack of environmental awareness [61]. As a result of the findings, the average customer is 

likely to be unaware of the advantages of using EVs  as well as their quality and actual performance. Hence, it is critical to 

disseminate information about EVs widely to increase consumer understanding and awareness. 

  

5.5. Analysis Using Pattern Recognition Neural Network 

According to Figure 8, this study used MATLAB to build the neural network (NN) model using a Pattern Recognition 

Neural Network (PRNN) to determine the willingness to purchase EV.   It is possible to use PRNN to recognize patterns 

and categorize data into predetermined classes. Vectors with all zeros except for a 1 in element i where i is the class they 

are to represent  are ideal target data for PRNNs.  

A typical NN has many nested layers including an input layer, a hidden layer(s)   and an output layer(s). In addition, 

this study's input layer included 28 important factors (such as respondent profiles, EV attributes, drivers  and barriers)  

whereas the study's output layer only included an output variable, i.e., willingness to purchase  which represents 3 classes, 

namely, yes ( class 1), maybe (class 2)  and no (class 3). The activation function of the hidden layer and the output layer 

were both set to a sigmoid function  and the number of nodes in the hidden layer was set to 10. 
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Figure 8.  

PRNN model for this study. 

 

 70 % of the data were used for training, 15% for testing   and 15% for validating the NN to determine its accuracy. 

According to Figure 9, 21 epochs were used and the best validation performance is 0.026941 at epoch 15. As shown in the 

generated confusion matrix in Figure 10, the training accuracy is 99.0%, the test accuracy is 96.7%, the validation accuracy 

is 96.7%  and the overall accuracy is 98.0%. An NN model to determine the willingness of an individual to purchase EV 

was successfully built. 

 

 
Figure 9.  
Neural network training performance for this study. Best performance is 0.0269 at epoch 15. 
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Figure 10.  

Confusion matrix to determine willingness to purchase EV 

 

6. Conclusion and Future Work 
The findings of the study have significant implications for government decision-makers, EV manufacturers  and other 

interested stakeholders seeking to understand the barriers to EV use and their relative importance. Respondents who live in 

single-family homes and own their homes said they would buy an EV if charging was available at home. Many respondents 

will make the decision to buy an EV in collaboration with their spouses or significant others. It is critical to emphasize 

important factors in a joint household purchase decision  such as safety and reliability. They are almost certain and likely to 

buy a new vehicle and would be willing to pay 1-2 million pesos for one.  For EVs to gain attraction, they must compete on 

more traditional vehicle quality metrics. More awareness of electric vehicle safety and reliability as well as their power and 

performance, exterior and interior design  and EV model availability  will help attract more electric vehicle adopters. The 

majority of respondents are more concerned with the environment and new technology. Furthermore, respondents stated 

that environmental protection is more important than economic growth. Respondents said they would be more interested in 

EVs if one of two things happened: the purchase price dropped or the perceived value increased. Increase the perceived 

value of EVs through public-private education campaigns and initiatives. They can emphasize the environmental benefits, 

reduced dependence on foreign oil, EV safety and reliability  and other benefits. Adoption is hampered by a lack of 

knowledge about EVs and available incentives. 

The findings indicate that significant economic, technical infrastructure, policy and social barriers exist. Economic 

barriers are the first to be included in the list of EV adoption barriers  followed by technological barriers. The findings 

suggest that these technical issues must be addressed to promote the adoption of EVs. The third most significant barrier 

group was identified as policy barriers. Various policy instruments may be required to encourage the use of EVs depending 

on specific government plans and priorities. Government benefits such as subsidized parking rates, number coding  and free 

charger installation are examples of such initiatives. Infrastructure is ranked fourth  while social barriers are regarded as the 

least significant. However, information on EVs has to be extensively communicated in order to raise consumer knowledge 

and awareness of them.   

This report has some limitations that should be considered for future research. The field of market acceptance research 

for electric vehicles is still in its early stages because of the small and relatively undiversified sample size, the empirical 

analysis cannot be generalized. Future research studies may include additional factors and variables  such as the area of 

residence on customer purchase requirements, i.e., socio-demographic variables  to determine the extent to which this 

aspect has an impact on electric vehicle adoption. 

  

References 
[1] G. Szendrő, M. Csete, and Á. Török, "The sectoral adaptive capacity index of Hungarian road transport," Periodica 

Polytechnica-Social and Management Sciences, vol. 22, no. 2, pp. 99-106, 2014.  https://doi.org/10.3311/ppso.7377 

[2] H. Domanovszky, "Gas propulsion or e-mobility is the solution on the way of clean and carbon free road transportation?," 

Periodica Polytechnica Transportation Engineering, vol. 42, no. 1, pp. 63-72, 2014.  https://doi.org/10.3311/pptr.7254 

[3] M. Mikušová, A. Torok, and P. Brída, "Technological and economical context of renewable and non-renewable energy in 

electric mobility in Slovakia and Hungary," in Computational Collective Intelligence: 10th International Conference, ICCCI 

2018, Bristol, UK, September 5-7, 2018, Proceedings, Part II 10, 2018, pp. 429-436.  

[4] M. Zöldy, "Energetic and CO2 emission comparison of different transportation drivetrains," presented at the 45th International 

Petroleum Conference, Bratislava, Slovakia, 2011. 

[5] W. Sierzchula, S. Bakker, K. Maat, and B. Van Wee, "The influence of financial incentives and other socio-economic factors 

on electric vehicle adoption," Energy Policy, vol. 68, pp. 183-194, 2014.  https://doi.org/10.1016/j.enpol.2014.01.043 

[6] S. Yeh, "An empirical analysis on the adoption of alternative fuel vehicles: The case of natural gas vehicles," Energy Policy, 

vol. 35, no. 11, pp. 5865-5875, 2007.  https://doi.org/10.1016/j.enpol.2007.06.012 

https://doi.org/10.3311/ppso.7377
https://doi.org/10.3311/pptr.7254
https://doi.org/10.1016/j.enpol.2014.01.043
https://doi.org/10.1016/j.enpol.2007.06.012


 
 

               International Journal of Innovative Research and Scientific Studies, 6(4) 2023, pages: 888-902
 

901 

[7] Z. Rezvani, J. Jansson, and J. Bodin, "Advances in consumer electric vehicle adoption research: A review and research 

agenda," Transportation Research Part D: Transport and Environment, vol. 34, pp. 122-136, 2015.  

https://doi.org/10.1016/j.trd.2014.10.010 

[8] G. Schuitema, J. Anable, S. Skippon, and N. Kinnear, "The role of instrumental, hedonic and symbolic attributes in the 

intention to adopt electric vehicles," Transportation Research Part A: Policy and Practice, vol. 48, pp. 39-49, 2013.  

https://doi.org/10.1016/j.tra.2012.10.004 

[9] T. Schneidereit, T. Franke, M. Günther, and J. F. Krems, "Does range matter? Exploring perceptions of electric vehicles with 

and without a range extender among potential early adopters in Germany," Energy Research & Social Science, vol. 8, pp. 198-

206, 2015.  https://doi.org/10.1016/j.erss.2015.06.001 

[10] L. Noel, G. Z. de Rubens, B. K. Sovacool, and J. Kester, "Fear and loathing of electric vehicles: The reactionary rhetoric of 

range anxiety," Energy Research & Social Science, vol. 48, pp. 96-107, 2019.  https://doi.org/10.1016/j.erss.2018.10.001 

[11] Z.-Y. She, Q. Sun, J.-J. Ma, and B.-C. Xie, "What are the barriers to widespread adoption of battery electric vehicles? A survey 

of public perception in Tianjin, China," Transport Policy, vol. 56, pp. 29-40, 2017.  

https://doi.org/10.1016/j.tranpol.2017.03.001 

[12] L. P. Ghimire, Analysis on barriers of renewable energy development-context of Nepal. Seoul, Korea: Seoul National 

University, 2016. 

[13] S. Carley, R. M. Krause, B. W. Lane, and J. D. Graham, "Intent to purchase a plug-in electric vehicle: A survey of early 

impressions in large US cites," Transportation Research Part D: Transport and Environment, vol. 18, pp. 39-45, 2013.  

https://doi.org/10.1016/j.trd.2012.09.007 

[14] B. Junquera, B. Moreno, and R. Álvarez, "Analyzing consumer attitudes towards electric vehicle purchasing intentions in 

Spain: Technological limitations and vehicle confidence," Technological Forecasting and Social Change, vol. 109, pp. 6-14, 

2016.  https://doi.org/10.1016/j.techfore.2016.05.006 

[15] S. Wang, J. Li, and D. Zhao, "The impact of policy measures on consumer intention to adopt electric vehicles: Evidence from 

China," Transportation Research Part A: Policy and Practice, vol. 105, pp. 14-26, 2017.  

https://doi.org/10.1016/j.tra.2017.08.013 

[16] P. Plötz, U. Schneider, J. Globisch, and E. Dütschke, "Who will buy electric vehicles? Identifying early adopters in Germany," 

Transportation Research Part A: Policy and Practice, vol. 67, pp. 96-109, 2014.  https://doi.org/10.1016/j.tra.2014.06.006 

[17] S. Hardman, E. Shiu, and R. Steinberger-Wilckens, "Comparing high-end and low-end early adopters of battery electric 

vehicles," Transportation Research Part A: Policy and Practice, vol. 88, pp. 40-57, 2016.  

https://doi.org/10.1016/j.tra.2016.03.010 

[18] A. Kollmuss and J. Agyeman, "Mind the gap: Why do people act environmentally and what are the barriers to pro-

environmental behavior?," Environmental Education Research, vol. 8, no. 3, pp. 239-260, 2002.  

https://doi.org/10.1080/13504620220145401 

[19] J. B. M. Biona, Philippine electric vehicle policy analysis report. Manila, Philippines: Mitsubishi Motors Corporation, 2019. 

[20] IEA, Global EV outlook: Towards cross-modal electrification. Paris: IEA, 2018a. 

[21] EV Volumes, "Global EV sales for 2018 - final results. EV Volumes," Retrieved: http://www.ev-volumes.com/country/total-

world-plug-in-vehicle-volumes/. 2018.  

[22] G. Ewing and E. Sarigöllü, "Assessing consumer preferences for clean-fuel vehicles: A discrete choice experiment," Journal of 

Public Policy & Marketing, vol. 19, no. 1, pp. 106-118, 2000.  https://doi.org/10.1509/jppm.19.1.106.16946 

[23] C. D. Anderson and J. Anderson, Electric and hybrid cars: A history, 2nd ed. Jefferson, North Carolina, and London: 

McFarland & Company, Inc, 2010. 

[24] A. Ziegler, "Individual characteristics and stated preferences for alternative energy sources and propulsion technologies in 

vehicles: A discrete choice analysis for Germany," Transportation Research Part A: Policy and Practice, vol. 46, no. 8, pp. 

1372-1385, 2012.  https://doi.org/10.1016/j.tra.2012.05.016 

[25] S. Rasouli and H. Timmermans, "Influence of social networks on latent choice of electric cars: A mixed logit specification 

using experimental design data," Networks and Spatial Economics, vol. 16, no. 1, pp. 99-130, 2016.  

https://doi.org/10.1007/s11067-013-9194-6 

[26] M. Achtnicht, G. Bühler, and C. Hermeling, "The impact of fuel availability on demand for alternative-fuel vehicles," 

Transportation Research Part D: Transport and Environment, vol. 17, no. 3, pp. 262-269, 2012.  

https://doi.org/10.1016/j.trd.2011.12.005 

[27] A. F. Jensen, E. Cherchi, and S. L. Mabit, "On the stability of preferences and attitudes before and after experiencing an 

electric vehicle," Transportation Research Part D: Transport and Environment, vol. 25, pp. 24-32, 2013.  

https://doi.org/10.1016/j.trd.2013.07.006 

[28] A. Glerum, L. Stankovikj, M. Thémans, and M. Bierlaire, "Forecasting the demand for electric vehicles: Accounting for 

attitudes and perceptions," Transportation Science, vol. 48, no. 4, pp. 483-499, 2014.  https://doi.org/10.1287/trsc.2013.0487 

[29] E. Cherchi, "A stated choice experiment to measure the effect of informational and normative conformity in the preference for 

electric vehicles," Transportation Research Part A: Policy and Practice, vol. 100, pp. 88-104, 2017.  

https://doi.org/10.1016/j.tra.2017.04.009 

[30] S. Vergis, T. S. Turrentine, L. Fulton, and E. Fulton, Plug-in electric vehicles: A case study of seven markets. Davis, UC: 

Institute of Transportation Studies, 2014. 

[31] J. Rotmans et al., Transitions & Transition management: The case for a low emission energy supply. ICIS, 2001. 

[32] O. Egbue and S. Long, "Barriers to widespread adoption of electric vehicles: An analysis of consumer attitudes and 

perceptions," Energy Policy, vol. 48, pp. 717-729, 2012.  https://doi.org/10.1016/j.enpol.2012.06.009 

[33] L. Gan, "Globalization of the automobile industry in China: Dynamics and barriers in greening of the road transportation," 

Energy Policy, vol. 31, no. 6, pp. 537-551, 2003.  https://doi.org/10.1016/s0301-4215(02)00097-6 

[34] H. A. Bonges III and A. C. Lusk, "Addressing electric vehicle (EV) sales and range anxiety through parking layout, policy and 

regulation," Transportation Research Part A: Policy and Practice, vol. 83, pp. 63-73, 2016.  

https://doi.org/10.1016/j.tra.2015.09.011 

[35] H. Quak, N. Nesterova, and T. van Rooijen, "Possibilities and barriers for using electric-powered vehicles in city logistics 

practice," Transportation Research Procedia, vol. 12, pp. 157-169, 2016.  https://doi.org/10.1016/j.trpro.2016.02.055 

https://doi.org/10.1016/j.trd.2014.10.010
https://doi.org/10.1016/j.tra.2012.10.004
https://doi.org/10.1016/j.erss.2015.06.001
https://doi.org/10.1016/j.erss.2018.10.001
https://doi.org/10.1016/j.tranpol.2017.03.001
https://doi.org/10.1016/j.trd.2012.09.007
https://doi.org/10.1016/j.techfore.2016.05.006
https://doi.org/10.1016/j.tra.2017.08.013
https://doi.org/10.1016/j.tra.2014.06.006
https://doi.org/10.1016/j.tra.2016.03.010
https://doi.org/10.1080/13504620220145401
http://www.ev-volumes.com/country/total-world-plug-in-vehicle-volumes/
http://www.ev-volumes.com/country/total-world-plug-in-vehicle-volumes/
https://doi.org/10.1509/jppm.19.1.106.16946
https://doi.org/10.1016/j.tra.2012.05.016
https://doi.org/10.1007/s11067-013-9194-6
https://doi.org/10.1016/j.trd.2011.12.005
https://doi.org/10.1016/j.trd.2013.07.006
https://doi.org/10.1287/trsc.2013.0487
https://doi.org/10.1016/j.tra.2017.04.009
https://doi.org/10.1016/j.enpol.2012.06.009
https://doi.org/10.1016/s0301-4215(02)00097-6
https://doi.org/10.1016/j.tra.2015.09.011
https://doi.org/10.1016/j.trpro.2016.02.055


 
 

               International Journal of Innovative Research and Scientific Studies, 6(4) 2023, pages: 888-902
 

902 

[36] T. Franke, I. Neumann, F. Bühler, P. Cocron, and J. F. Krems, "Experiencing range in an electric vehicle: Understanding 

psychological barriers," Applied Psychology, vol. 61, no. 3, pp. 368-391, 2012.  https://doi.org/10.1111/j.1464-

0597.2011.00474.x 

[37] Y. Xue, J. You, and L. Shao, "Understanding socio-technical barriers to sustainable mobility–insights from demonstration 

program of EVs in China," Problems of Sustainable Development, vol. 9, no. 1, pp. 29-36, 2014.  

[38] S. Pelletier, O. Jabali, and G. Laporte, "Battery electric vehicles for goods distribution: A survey of vehicle technology, market 

penetration, incentives and practices," Retrieved: https://www.cirrelt.ca/DocumentsTravail/CIRRELT-2014-43.pdf. [Accessed 

19 May 2016], 2014.  

[39] A. Siahaan, M. Asrol, F. E. Gunawan, and F. Alamsjah, "Formulating the electric vehicle battery supply Chain in Indonesia," 

TEM Journal, vol. 10, no. 4, pp. 1900-1911, 2021.  https://doi.org/10.18421/tem104-54 

[40] E. J. Cairns and P. Albertus, "Batteries for electric and hybrid-electric vehicles," Annual Review of Chemical and Biomolecular 

Engineering, vol. 1, pp. 299-320, 2010.  https://doi.org/10.1146/annurev-chembioeng-073009-100942 

[41] E. Valeri and R. Danielis, "Simulating the market penetration of cars with alternative fuelpowertrain technologies in Italy," 

Transport Policy, vol. 37, pp. 44-56, 2015.  https://doi.org/10.1016/j.tranpol.2014.10.003 

[42] J. P. Helveston, Y. Liu, E. M. Feit, E. Fuchs, E. Klampfl, and J. J. Michalek, "Will subsidies drive electric vehicle adoption? 

Measuring consumer preferences in the US and China," Transportation Research Part A: Policy and Practice, vol. 73, pp. 96-

112, 2015.  https://doi.org/10.1016/j.tra.2015.01.002 

[43] A. Hoen and M. J. Koetse, "A choice experiment on alternative fuel vehicle preferences of private car owners in the 

Netherlands," Transportation Research Part A: Policy and Practice, vol. 61, pp. 199-215, 2014.  

https://doi.org/10.1016/j.tra.2014.01.008 

[44] M. Bockarjova, P. Rietveld, J. Knockaert, and L. Steg, "Dynamic consumer heterogeneity in electric vehicle adoption," 

presented at the Transportation Research Board Annual Meeting, Washington DC, USA, 2014, 2014. 

[45] D. Potoglou and P. S. Kanaroglou, "Household demand and willingness to pay for clean vehicles," Transportation Research 

Part D: Transport and Environment, vol. 12, no. 4, pp. 264-274, 2007.  https://doi.org/10.1016/j.trd.2007.03.001 

[46] A. Hackbarth and R. Madlener, "Consumer preferences for alternative fuel vehicles: A discrete choice analysis," 

Transportation Research Part D: Transport and Environment, vol. 25, pp. 5-17, 2013.  

https://doi.org/10.1016/j.trd.2013.07.002 

[47] M. A. Tamor, P. E. Moraal, B. Reprogle, and M. Milačić, "Rapid estimation of electric vehicle acceptance using a general 

description of driving patterns," Transportation Research Part C: Emerging Technologies, vol. 51, pp. 136-148, 2015.  

https://doi.org/10.1016/j.trc.2014.10.010 

[48] L. Bunce, M. Harris, and M. Burgess, "Charge up then charge out? Drivers’ perceptions and experiences of electric vehicles in 

the UK," Transportation Research Part A: Policy and Practice, vol. 59, pp. 278-287, 2014.  

https://doi.org/10.1016/j.tra.2013.12.001 

[49] L. Maličková, M. Dzuro, B. Barilová, and R. Lauko, "Marketing management in retail in the context of the growing trend of 

electric vehicles," TEM Journal, vol. 11, no. 53, pp. 1291-1299, 2022.  

[50] G. Harrison and C. Thiel, "An exploratory policy analysis of electric vehicle sales competition and sensitivity to infrastructure 

in Europe," Technological Forecasting and Social Change, vol. 114, pp. 165-178, 2017.  

https://doi.org/10.1016/j.techfore.2016.08.007 

[51] G. H. Broadbent, D. Drozdzewski, and G. Metternicht, "Electric vehicle adoption: An analysis of best practice and pitfalls for 

policy making from experiences of Europe and the US," Geography Compass, vol. 12, no. 2, p. e12358, 2018.  

https://doi.org/10.1111/gec3.12358 

[52] P. Ninh, K. Bentzen, and M. S. Laugesen, "Why should transportation companies join public private partnership (PPP) 

proposed by the public sector to support the implementation process of Freight Electric Vehicles (FEVs) in Copenhagen 

Municipality," NSR, Activity, vol. 7, no. 4, 2014.  

[53] C. Cherry, "Electric two-wheelers in China: Promise progress and potential," ACCESS Magazine, vol. 1, no. 37, pp. 17-24, 

2010.  

[54] S. K. Hwang, "Comparative study on electric vehicle policies between Korea and EU countries," World Electric Vehicle 

Journal, vol. 7, no. 4, pp. 692-702, 2015.  

[55] C. Kemfert, "Promoting electric vehicles in Germany via subsidies–an efficient strategy?," CESifo DICE Report, vol. 14, no. 4, 

pp. 65-70, 2016.  

[56] J. Babic, A. Carvalho, W. Ketter, and V. Podobnik, "Evaluating policies for parking lots handling electric vehicles," IEEE 

Access, vol. 6, pp. 944-961, 2017.  https://doi.org/10.1109/access.2017.2777098 

[57] F. Liao, E. Molin, and B. van Wee, "Consumer preferences for electric vehicles: A literature review," Transport Reviews, vol. 

37, no. 3, pp. 252-275, 2017.  https://doi.org/10.1080/01441647.2016.1230794 

[58] D. L. Greene, "How consumers value fuel economy: A literature review," Retrieved: https://trid.trb.org/view/920593. 

[Accessed 19 May 2016], 2010.  

[59] J.-C. Huang, T. C. Haab, and J. C. Whitehead, "Willingness to pay for quality improvements: Should revealed and stated 

preference data be combined?," Journal of Environmental Economics and Management, vol. 34, no. 3, pp. 240-255, 1997.  

https://doi.org/10.1006/jeem.1997.1013 

[60] P. Mock, "Development of a scenario model for simulating future market shares and CO2 emissions from motor vehicles 

(VECTOR21)," Retrieved: https://elib.uni-stuttgart.de/handle/11682/6777. [Accessed 19 May 2016], 2010.  

[61] M. Adhikari, L. P. Ghimire, Y. Kim, P. Aryal, and S. B. Khadka, "Identification and analysis of barriers against electric vehicle 

use," Sustainability, vol. 12, no. 12, p. 4850, 2020.  https://doi.org/10.3390/su12124850 

[62] X. Shi, J. Pan, H. Wang, and H. Cai, "Battery electric vehicles: What is the minimum range required?," Energy, vol. 166, pp. 

352-358, 2019.  https://doi.org/10.1016/j.energy.2018.10.056 

 

 

https://doi.org/10.1111/j.1464-0597.2011.00474.x
https://doi.org/10.1111/j.1464-0597.2011.00474.x
https://www.cirrelt.ca/DocumentsTravail/CIRRELT-2014-43.pdf
https://doi.org/10.18421/tem104-54
https://doi.org/10.1146/annurev-chembioeng-073009-100942
https://doi.org/10.1016/j.tranpol.2014.10.003
https://doi.org/10.1016/j.tra.2015.01.002
https://doi.org/10.1016/j.tra.2014.01.008
https://doi.org/10.1016/j.trd.2007.03.001
https://doi.org/10.1016/j.trd.2013.07.002
https://doi.org/10.1016/j.trc.2014.10.010
https://doi.org/10.1016/j.tra.2013.12.001
https://doi.org/10.1016/j.techfore.2016.08.007
https://doi.org/10.1111/gec3.12358
https://doi.org/10.1109/access.2017.2777098
https://doi.org/10.1080/01441647.2016.1230794
https://trid.trb.org/view/920593
https://doi.org/10.1006/jeem.1997.1013
https://elib.uni-stuttgart.de/handle/11682/6777
https://doi.org/10.3390/su12124850
https://doi.org/10.1016/j.energy.2018.10.056

