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Abstract

:

Despite the steady rise of electric vehicles (EVs) in other countries, the Philippines has yet to capitalize on its proliferation due to several mixed concerns. Status, socio-demographic characteristics, and availability have been the main concerns with purchasing EVs in the country. Consumer segmentation and analysis for EV acceptance and utility in the Philippines were determined in this study due to the need for understanding consumer preferences and market segmentation towards EVs in the Philippines. A total of 311 valid responses coming from EV owners were collected through purposive and snowball sampling approaches. The data were collected via face-to-face distribution and online distribution of a questionnaire covering demographic characteristics for market segmentation. Demographic data such as gender, age, residence type, car ownership, and income were used to identify consumer segments using the K-means clustering approach. Jupyter Notebook v7.1.3 was used for the overall analysis, and the number of clusters was optimized, ensuring precise segmentation. The results indicated a strong correlation between car ownership and the ability to purchase EVs, where K-means clustering effectively identified consumer groups. The groupings also included “Not Capable at All” to “Highly Capable” individuals based on their likelihood to purchase EVs. Based on the results, the core-value customers of EVs are male, older than 55 years old, live in urban areas, own a vehicle and car insurance, and have a monthly income of more than PHP 130,000. Following those are high-value customers, considered target users expected to use EVs frequently. It could be posited that customers are frequent purchasers of products and services. Based on the results, high-value customers are male, aged 36–45 years old, live in urban areas, own a car, have car insurance, and have a monthly income of PHP 100,001–130,000. Both of these should be highly considered by EV industries, as these characteristics would be the driving market of EVs in the Philippines. The constructed segmentation provided valuable insights for the EV industry, academic institutions, and policymakers, offering a foundation for targeted marketing strategies and promoting EV adoption in the Philippines. Moreover, the sustainable marketing strategies developed could be adopted and extended among other developing countries wanting to adopt EVs for utility. Future works are also suggested based on the study limitations for researchers to consider as study extensions, such as a holistic approach to EV adoption that considers environmental, social, and economic factors, as well as policies and promotion development.
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1. Introduction


The adoption of electric cars has been accelerating around the globe, providing a significant shift in consumer preference and the alteration of environmental policies. From bustling urban centers to remote rural areas, there has been a visible increase in electric vehicles (EVs), signifying a significant evolution in transportation. According to Ritchie and Roser [1], 40 million electric cars would be in use globally during 2023, with sales reaching a quarter of all new vehicles sold. Countries with the highest sales for EVs globally are Norway, which is at the top with over 90% of new car sales being electric, followed closely by China, with almost 40% of new car sales being electric. The global sales of non-electric cars peaked in 2018, and since then EVs have steadily increased their market share. Many countries are looking to improve the adoption of EVs, with the European Union proposing a ban on the sale of new gasoline- and diesel-operated cars starting in 2035. Moreso, China dominates the plug-in light commercial vehicle and electric bus deployment [2].



Among the different automobiles in Asia, the EV market has been dominated by BYD, with a total percentage of 84% of all EV sales in all of Asia, as shown in Figure 1 [3]. The rapid expansion of BYD is attributed to its cost-effective and quality batteries, which are distinguishable from other brands [4]. Following BYD is Tesla, a high-end brand with the second-highest registered EV sales in Asia, with 19% in the market. Additionally, the chart depicts other EV manufacturers, including Nissan, Hyundai, General Motors, Honda, and Volkswagen, each having a modest percentage of registered EVs [4]. This suggests a market open to innovations in EVs and the potential for expansion by new companies. The sales of electric cars in Asia are influenced by consumer preferences, infrastructure development, and government incentives, reflecting a diverse range of factors impacting the market.



According to Monzon [5], BYD is the most popular EV brand in the Philippines mainly because of its price, which is much cheaper and has low maintenance costs compared to other EV brands. These aspects, combined with BYD’s dedication to delivering performance and affordability, significantly boost the appeal of BYD EVs. Furthermore, Guison [6] discussed how, despite the significant desire of consumers surrounding Tesla to enter the Filipino market, consumers preferred new emerging brands such as Wuling and Aion because of their more budget-friendly prices.



EVs have been gaining popularity in recent years because of their sustainability in decreasing the amount of rising climate emissions; however, problems and concerns can still be prevented, especially in low- to middle-income countries [7]. There are many barriers to adopting EVs, such as financing, lack of charging infrastructure, issues with driving range and use in different terrains, and availability of EV parts and repair stations. Among these issues, charging infrastructure has the most problems. According to Alanazi [8], establishing a charging infrastructure is immensely difficult because of the chicken and egg problem, which describes that consumers will not purchase EVs if there are not enough charging stations. Subsequently, charging service providers will not construct more charging infrastructures if there is a lack of EV consumers. Another problem, according to Lai et al. [9], is the integration of EVs in smart cities. It has become a problem because smart cities’ purpose is to cut gas emissions and enhance air quality, which EVs could be a big help with. However, the huge problem is the high cost of building charging infrastructures with limited land, which needs a substantial amount of investment. Overcoming this major problem could result in a huge increase in the number of consumers using EVs.



In terms of financial aspects, Gomez Vilchez et al. [10] highlighted that the detrimental reason for purchasing problems in developed countries in Europe is the price range of EVs. Government incentives and support are needed for the mitigation and development of EV utility in countries. Similar to the Philippines, it could be posited that EVs and hybrid cars would need government support and initiatives for the community to be able to afford them [11]. As discussed in the study by Ong et al. [11], the need for progression through government support has an influence on the purchasing of EVs in the Philippines. In support of related studies is Alanazi [8], who explained how the prior factors have affected the purchase of EVs. It was also added that battery swapping for range support, battery technology, and charging time are issues that should also be covered by developers and EV industries.



Another concern regarding the adoption of EVs, specifically in the Philippines, is the high electricity cost. Rosellon [12] stated that electricity in the Philippines is more expensive compared to other countries, making charging much more expensive or the same as traditional gasoline-powered vehicles. Moreover, the high ownership cost partly due to the need for more subsidies and incentives to make electric cars more affordable is another evident issue in the country. Therefore, it could be posited that sustainable solutions are not easily adaptable in the county.



The Philippines has taken steps to address these issues and promote EVs. For example, it is reducing the tariffs on EVs to make them more accessible. However, some problems hinder the growth of the adoption of EVs due to the need for charging infrastructure and market limitations. Cabuenas [13] explained that to combat this, the government created a mandatory order named Executive Order No. 12, which was signed by the president of the Philippines in 2023 and modified the tariff rate of the components for EVs from the previous 5 to 30% to currently 0%. This order was implemented by the EVs Industry Development Act (EVIDA), promoting green transport and helping reduce the country’s carbon emissions. The order implemented by the current president, Ferdinand Marcos Junior, can make EVs more appealing to consumers.



Recent studies have shown that factors such as battery durability, range anxiety, and the potential resale value of EVs are crucial factors in consumer preference for EVs. Etxandi-Santolaya et al. [14] highlighted that battery durability is essential because EVs rely on a battery pack, making a long-lasting, efficient, and reliable battery essential for a positive consumer experience. It is a massive attraction for consumers who want their cars to have sufficient range and charging time, especially those from warmer climate countries since batteries tend to deteriorate in high heat or may cause explosions due to high heat, like in the Philippines. Moreover, issues on battery durability were seen by Roberson et al. [15]. They explained that the larger-sized vehicles are more sustainable compared to older ones, but this is dependent on the model. For the price, it was seen that Tesla, for example, holds their price value for older models but newer models like other brands could have higher depreciation costs. Wan and Wang [16] also explored battery durability, and different types have different issues. For example, lithium-based batteries do not have much of a leaking issue but have a limited lifecycle. On the other hand, nickel-based batteries are more mature and better suited for EVs. Chen et al. [17] also found battery range issues and suggested ways for sorting and identification of the best battery type.



Another problem highlighted by He and Hu [18] is that consumers are concerned about the range of the vehicle, particularly when driving long distances, and the need for charging infrastructure. This can affect consumer preference for EVs, as individuals may hesitate to buy an EV due to these concerns. Lastly, the potential resale value of EVs needs to be solved. According to Xue et al. [19], if a consumer knows the potential resale value of their EV, they are more inclined to purchase it as they can potentially recoup the investment if they decide to sell their vehicle in the future. On the other hand, a consumer knows that the potential resale value of an EV is low and is more likely to decline. In addition, Goetzel and Hasanuzzaman [20] explored forecasting the resale of EVs. It was explained that by approximately 2026 the prices would be on par among midsize vehicles in the market, that is, it is currently in a higher cost range for consumers. Woody et al. [21] explained that resale value is different depending on the state’s differentiation of fuel cost, that is, the more expensive the fuel cost, the cheaper the EVs are. This case is in the United States, where competitive pricing is aligned depending on electricity cost, direct purchasing, and climate of the state as well. Foley et al. [22] stated that the high upfront cost needs to detail the reason for the high cost and the solution. They added that the primary reason for the high upfront cost is the battery and its development, especially for its improved functioning in places with warmer climates. Lastly, Bruckmann et al. [23] explained that cost anxiety is present among consumers where conventional vehicles have a lower price range than hybrid cars and EVs.



In recent studies focusing on Asian countries, Joon-Hyun [24] emphasized the factors significantly affecting consumer preference for EVs in South Korea. These include the high upfront cost of EVs, limited charging infrastructure, and concerns over battery durability. It was stated that the main problem was the high upfront cost, which caused considerable reluctance from consumers to purchase EVs. This is because a car survey conducted by Encar, the largest used car platform in South Korea, mentioned a massive preference shift from EVs to gasoline vehicles in 2024, after South Korea gained huge prominence for EVs in 2022.



This was followed by Zhang et al. [25], who explained that the pursuit of novelty is one of the significant factors affecting consumer preference. Novelty seeking refers to pursuing new and diverse experiences, goods, or technologies. It is a characteristic that can impact consumer preferences because individuals with this trait are more inclined to be attracted to fresh and innovative products and may be more open to paying a premium for EVs due to their novelty. Schiavo et al. [26] mentioned that the factor of novelty seeking overlooks other important determinants of consumer preferences, such as environmental concerns, economic considerations, and vehicle performance attributes.



In China, Wang et al. [27] presented acceptance among Chinese consumers regarding EVs. It was explained that only 18% are willing to shift to EVs because of environmental impact, technical level, perceived risks, and marketing. In the Philippines, Ong et al. [11] found that government incentives could help but are yet to be given to the community for EV adoption. However, several plans on developing a sustainable city are being expressed. Only those who have already bought electric-type or hybrid-type vehicles are subjected to different road regulations. For example, those with hybrid vehicles or EVs are exempted from the coding schemes put in place to solve traffic congestion. It was explained in the study by Oliveira and Dias [28] that the limitation of different factors explored in related studies does not really impact demographic characteristics across different Asian markets. Moreover, demographic characteristics are significant factors affecting consumer preference, yet there has been limited exploration of them [11,28]. Understanding these characteristics can assist manufacturers in properly catering EVs to specific age ranges. Although several factors have been identified, these studies have certain limitations, e.g., focusing on preference analysis, acceptance, and adoption.



Despite adoption and preference analysis performed by Uy et al. [29] from the Philippines, buyer and user demographics of EVs have yet to be established in the country. Moreover, the marketing segmentation and strategies have yet to be established. Following the research on consumer behavior toward EVs in the Philippines, minimal literature was discovered specifically for conjoint analysis using K-means clustering. According to Ong et al. [30], using K-means clustering to determine consumers’ preferences could create proper segmentation, thereby enabling the development of marketing strategies. This was evident in the study by Gumasing et al. [31], where K-means clustering helped in determining the demographic profiles of consumers and segmented them from high-profile customers to least potential users. Hence, it would be helpful to use of K-means clustering to distinguish the potential customer classification and determine demographic characteristics for potential buyers of EVs in the Philippines.



Based on a thorough review of the literature, even more of it covers the technical factors around EV adoption and acceptance. Moreover, the importance of demographic characteristics for preference analysis and marketing strategies is lacking and should be considered. Therefore, this study aimed to determine consumer preference for EVs and market segmentation using K-means analysis to create sustainable business strategies. This study’s findings could benefit the EV industry and academic institutions by providing information regarding consumer preference for EVs. Understanding elements that influence consumer behavior towards EVs can aid in enhancing not only the current and potential development of EVs but also in refining marketing strategies and gaining further insights to promote the adoption of EVs. This segmentation can reveal different consumer groups’ diverse needs and preferences, enabling more targeted marketing and product development strategies. In addition, sustainable marketing strategies were considered and suggested based on the output of this study.




2. Analysis Approach


The research approach is presented in Figure 2. A detailed explanation of each step is presented in the subsections. The input process is the initial step taken into consideration for this study where the needed demographic characteristics and survey form were identified. The process involved two steps: a preliminary step where ethical committee board approval and informed consent among respondents were obtained, following which is the dissemination. The second step involved data processing, where data cleaning and data pre-processing were accounted—looking for missing values and outliers, as well as the K-means processing and parameter optimization. This led to the output phase where the final and optimum clustering was obtained, final market segmentation generation, followed by analysis and interpretation.



2.1. Data Collection for Profiling


The data used demographic characteristics from EV owners in the Philippines, and only those who have and have had EVs in the Philippines were considered as valid respondents. Utilizing both purposive and snowball sampling approaches helped in reaching the desired respondents. It was explained that this method ensures that a more efficient manner is placed to collect valid respondents—those who have and have had EVs, reaching other respondents they know, similar to other studies [32]. It was indicated that this is advantageous since it reduces time and effort in collecting representative data. The survey ran from November 2023 to the end of February 2024.



The data samples were collected via online surveys and face-to-face collection using a QR code and Google Forms, comprising a total of 311 respondents who are EV users living in the Philippines. The data included demographics regarding consumers who own EVs. Demographics included gender, age, type of residence, car ownership, car insurance, and monthly income. The genders used for the data were male (68.7%), female (23.5%), and prefer not to say (23.5%). The choices for the type of residence included urban (85.2%) and rural (14.8%) areas. Moreover, car insurance also had yes (92.9%) or no (7.1%) options. Lastly, the monthly income (in PHP) options were less than 40,000 (11.3%), 40,001–70,000 (21.6%), 70,001–100,000 (33.9%), and the rest were higher (33.2%) from age groups of 26–35 years old (30.1%), 36–45 years old (24.8%), 46–55 years old (27.7%), and older (17.4%).




2.2. Data Pre-Processing and Optimization


The demographics data underwent data pre-processing and organization, where missing values and outliers were removed to prepare them for the subsequent analysis using K-means clustering. An optimal number of clusters in the dataset was determined using the elbow method under K-means clustering. This method calculates the squared difference in various K values to identify the “elbow” point, representing the ideal number of clusters that can effectively segment the consumer data based on demographic characteristics [33]. Optimizing the number of clusters ensured that the K-means clustering analysis produced meaningful and well-defined consumer segments [34], enabling a more accurate understanding of the target market for EVs in the Philippines.




2.3. K-Means Clustering


Demographics data for K-means clustering were analyzed with Python’s Jupyter Notebook v7.1.3. According to Chaudhry et al. [35], this technique works by separating dissimilar items and grouping similar data points together. Sarker et al. [36] stated that the most reliable machine learning algorithm is K-means clustering when handling large datasets. Due to the characteristics of this machine learning algorithm, it is frequently applied in customer segmentation to extensively identify consumer needs based on demographic, geographic, and behavioral data. In this particular case, K-means clustering was utilized to segment Filipino consumers who use EVs based on gender, age, type of residence, car ownership, car insurance, and monthly income.





3. Results


3.1. Elbow Method


In Figure 3, the elbow method determined the optimal number of clusters to minimize the sum-of-squared error (SSE) during cluster optimization. Multiple sets of four, six, seven, and eight clusters were evaluated, and the most favorable outcome was obtained using four clusters compared to the rest. This was because the local optima were obtained with a low SSE value. Despite having a lower SSE among the other clusters considered, the spread of data and data point separation was not very different. A low distance separation was seen within clusters, especially when eight clusters were used. As indicative of the K-means clustering approach, the same characteristic data points should have relatively close distances [37], that is, coders should ensure that meaningful clustering output should be presented with acceptable parameter scoring. With the output, the four-cluster generation was considered as optimum clustering output.




3.2. K-Means Clustering Output with Validation Scores


Figure 4 shows the results from the clustering analysis. The cluster centers show the typical values for each group in the dataset, indicating the clear patterns characterized by specific numeric features. For instance, the first group’s average is around 1.68, 1.73, 1.29, and 2.00. The sum-of-squared error (SSE), about 317.13, shows that data points are spread around these typical values. A lower SSE means the groups are more tightly packed around their averages. The Calinski–Harabasz (CH) score, roughly 38.42, suggests that the groups are well separated, indicating apparent differences. The Davies–Bouldin (DB) score, about 1.82, suggests that the groups are similar but distinct, with clear boundaries. These results showed that the clustering algorithm effectively identified different groups in the dataset, each with its distinct features and boundaries.



It can be seen in the graphical segmentations that the first cluster is the core customer—the intended target audience expected to use EVs regularly. According to Rane et al. [38], these customers generate the most revenue because of frequent purchases of products and services. This indicates that for businesses aiming to attract a vast range of consumers, this group presents an ideal target market segment to focus on. Based on the results, the core value customers of EVs are male, older than 55 years old, live in urban areas, own a vehicle and car insurance, and have a monthly income of more than PHP 130,000.



The second cluster is high-value customers, considered target users expected to use EVs frequently. It could be posited that customers are frequent purchasers of products and services. Based on the results, high-value customers are male, aged 36–45 years old, live in urban areas, own a car, have car insurance, and have a monthly income of PHP 100,001–130,000.



Lastly, the final cluster is low-value customers. They are expected to use EVs less frequently. These customers are usually new or casual users of EVs. As a result, they have limited purchasing power relative to other consumers due to their minimal contributions to various segments. Based on the results, low-value customers are male, aged 26–35 years, live in urban areas, own a car, have car insurance, and have a monthly income of PHP 40,001–70,000.



The consistent involvement of the three cluster groups has a substantial impact on a company’s profitability, as market segmentation provides businesses with insights into their customer base. By understanding customer segmentation, it is easier to target users of EVs in the country, which can assist companies in customizing specific marketing campaigns for valuable customers that are more likely to use EVs and those who are less likely to use one. This enables businesses to target specific customer segments instead of the broader market.



The cluster shows the respondents who are not capable, somewhat capable, capable, and highly capable in their ability to purchase EVs based on different demographics and profiles of the respondents such as gender, age, type of residence, car ownership, and car insurance. The x-axis outputs record the variable representation of the demographic characteristics—its spread among the different characteristics. The y-axis represents the distribution in relation to the capability to purchase EVs among demographics.



Figure 5 shows that the main demographic of highly capable respondents in terms of gender is males, with 218 respondents. This is attributed to the gender wage gap in the Philippines, where women earn significantly less than men [39]. This difference in income could impact women’s purchasing power and access to luxury items such as EVs.



The cluster visualization based on age (Figure 6) shows a massive difference between capable and highly capable respondents. Respondents between 18 and 35 years old are seen to be less capable of purchasing EVs than respondents between 36 and older. This is likely caused by the cumulative effect of career progression and income growth over time. Older respondents, benefiting from more extensive work experience and potentially higher-paying professions, are better positioned financially to afford EVs.



It can be seen in Figure 7 that the demographic for EVs is more distinct in urban areas than in rural areas. This could be due to urban residents having higher incomes due to better employment opportunities and wage levels and easier access to luxury goods than those living in rural areas. In the Philippine setting, differences in income level are present among the different locations. According to Chua et al. [40], there is a 12% difference in nominal wages between urban and rural areas, with higher wages in urban areas. This could imply the buying power of consumers, especially those in rural areas, who may prefer gasoline vehicles over electric vehicles, leading to a decrease in EV adoption in rural areas.



Figure 8 emphasizes the close connection between owning a car and the capacity to buy EVs in the Philippines. The results indicate that owning a vehicle is a crucial factor in assessing financial readiness and interest in investing in EVs, as most consumers who own cars can purchase various types of vehicles. This finding is particularly relevant in the Philippines, where income levels and vehicle ownership patterns significantly influence consumer behavior and market price.



Lastly, Figure 9 shows that most of the respondents can purchase EVs. In relation, out of 310 respondents, only 22 have car insurance. It can be seen that most of those who are not capable of purchasing EVs also fall into the demographic of not owning car insurance due to possible financial constraints or a lack of awareness regarding the importance of insurance. This finding highlights the need for targeted financial education and insurance awareness campaigns to help lower-income consumers overcome barriers to EV adoption and ensure adequate vehicle protection, especially in the Philippines, where public transportation is bad and the need for personal vehicles is crucial.





4. Discussion


4.1. Market Profiling


This study highlights the significance of developing sustainable business strategies that cater to current market needs and align with long-term environmental and economic objectives. Sustainable strategies in the context of EVs encompass a range of initiatives, including enhancing charging infrastructure, promoting renewable energy sources for EV charging, implementing policies to reduce carbon emissions, and fostering a supportive ecosystem for EV adoption. These strategies address critical challenges such as range anxiety, charging infrastructure limitations, and high ownership costs associated with EVs. By emphasizing sustainability in EV adoption strategies, stakeholders can contribute to reducing greenhouse gas emissions, improving air quality, and transitioning towards a more sustainable transportation system. Additionally, a sustainable approach can help drive innovation, create new business opportunities, and enhance the overall competitiveness of the EV market.




4.2. Sustainable Strategies


Sustainability delves into the importance of developing business strategies that cater to current market needs and align with long-term environmental and economic goals. Several actionable items are proposed to promote sustainability in the Philippines, particularly in transportation, smart city development, and infrastructure enhancement. Enhancing the charging infrastructure is crucial, as it involves increasing the number of public and private EV charging stations in urban and rural areas, which helps produce lower carbon emissions. This can be achieved by partnering with private companies to invest in charging networks and offering incentives like tax breaks or subsidies to businesses that install these stations, thus reducing range anxiety and making EVs more practical [41]. Promoting EV adoption through financial incentives such as tax rebates, reduced registration fees, and subsidies can lower the initial cost barrier and make EVs more accessible to a broader population segment. Developing comprehensive EV policies that support long-term adoption, including mandates for EV integration in public transportation fleets, will ensure a steady transition to EVs across various sectors, contributing to lower emissions [42]. Lastly, integrating smart grid technology is essential for smart city development. Developing and deploying smart grids can efficiently manage electricity distribution and consumption, making the entire system more sustainable and reliable [43]. These initiatives collectively address the challenges and leverage opportunities to provide a sustainable and economically stable path in the Philippines.




4.3. Theoretical Implications


The findings indicate that older males within the rich income status from the Philippines would be the core customers of EVs. The roles of the demographic characteristics found in the core customers align with Buhmann and Criado [44], who explained that status-driven demographics would lead to EV adoption compared to conventional fuel-based vehicles. Consequently, it was evident that a higher price range would lead to lower adoption and purchasing. Nonetheless, this claim is in general understandable, as reasonably priced items would be key for sustainable marketing. Similar to the high-value customers of EVs, older men with high monthly income are seen to have higher capability to purchase. It was evident that mostly men are the customers. However, Parent [45] tested that masculinity does not positively correlate with EV adoption and purchase. It was emphasized that men’s attitude, intention, and actual behavior does not necessarily reflect masculinity contingency. Basically, it could be posited that men relate to cars as a product and utility more than women [46].



Lastly, the final cluster is low-value customers. Based on the results, low-value customers are male, aged 26–35 years, live in urban areas, own a car, have car insurance, and have a monthly income of PHP 40,001–70,000. This output could be related to the purchasing power of individuals being a low-targeted market since the monthly income would not align with the purchasing power. Evidenced in the Philippine setting and economy, Cahigas et al. [47] explained that this cluster classification based on monthly income would be about mid-poor and more likely to take public transportation due to price. In accordance, Lashari et al. [48] negated this by stating that the lower socio-demographic profile has higher purchasing intention in South Korea. The reason for this is that they perceive EVs as an investment, especially those burdened by fuel costs, repair of traditional and conventional vehicles, and maintenance of the vehicle. Nonetheless, the male demographic profile presented positive intention for purchase. Despite being influential, Mesimaki and Lehtonen [49] projected that demographic characteristics and profiling are not sole predictors despite being insightful and significant, but experience, knowledge, and familiarity could also be areas to considered.




4.4. Practical Implications


The findings of this study can be used as a valuable resource for future researchers and practitioners in the field of EVs in the Philippine market. This study aimed to determine consumer preferences for EVs and market segmentation using K-means analysis to create sustainable business strategies. The findings can benefit the EV industry and academic institutions by providing insights into consumer preferences for EVs. The results showed a correlation between age and purchasing ability within different demographic groups, with older individuals demonstrating higher purchasing ability. The segmentation revealed different consumer groups’ diverse needs and preferences, enabling more targeted marketing and product development strategies. Understanding these different consumer groups can aid in increased EV adoption. For example, the government could provide incentives for lower-income groups, thereby creating opportunities for sustainable transportation adoption. The government can also offer tax exemptions and subsidies for EV purchases to allow lower-income consumers to offset the higher upfront costs of EVs compared to fueled vehicles.




4.5. Limitations and Future Research Works


This study has several limitations despite its promising output. Firstly, this study primarily focuses on quantitative analysis for customer segmentation. A combination of quantitative and qualitative analyses could provide a more comprehensive understanding of consumer preferences and marketing strategy for EVs. Secondly, this study could benefit from adding more specific details to the characteristics of each customer segment generated through K-means clustering. This could include the average consumer budget and preference for each attribute. Lastly, future research could predict behavior among individuals purchasing EVs through different machine learning algorithms like long short-term memory, as well as other analysis such as behavioral intention and actual purchasing through structural equation modeling with machine learning [50]. This could provide other insights not captured in this study, making more detailed strategies.





5. Conclusions


This study provided valuable insights into the application of K-means clustering in understanding consumer preferences and market segmentation for EVs in the Philippines. By employing K-means clustering, distinct consumer segments based on demographic characteristics such as gender, age, type of residence, car ownership, car insurance, and monthly income were identified. The findings highlighted the strong correlation between car ownership and the ability to purchase EVs, with most “Highly Capable” and “Capable” respondents owning vehicles. This study also emphasized optimizing the number of clusters using the elbow method to ensure meaningful and well-defined consumer segments. The validation scores, including SSE, CH, and DB, collectively assessed the quality and effectiveness of the clustering algorithm in segmenting the consumer data.



The results from the clustering analysis revealed that older respondents and those living in urban areas tend to have higher purchasing power for EVs compared to younger individuals and rural residents. This insight can inform the development of targeted marketing strategies and sustainable business practices in the EV industry. Furthermore, this study highlighted the need for a holistic approach to EV adoption that considers environmental, social, and economic factors. Sustainable strategies such as enhancing charging infrastructure, promoting renewable energy sources for EV charging, and implementing policies to reduce carbon emissions can contribute to a more environmentally friendly transportation system while driving innovation and creating new business opportunities.
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Figure 1. Total EV sales in Asia for 2023 adapted from Terasawa and Tiberghien [3]. Note: y-axis represents the brand of EV; x-axis represents the percentage in sales. 
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Figure 2. Research process diagram. 
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Figure 3. Elbow method plot. 
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Figure 4. Clustering market segmentation. 
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Figure 5. Cluster visualization based on gender. 
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Figure 6. Cluster visualization based on age. 






Figure 6. Cluster visualization based on age.



[image: Wevj 15 00301 g006]







[image: Wevj 15 00301 g007] 





Figure 7. Cluster visualization based on the type of residence. 
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Figure 8. Cluster visualization based on car ownership. 
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Figure 9. Cluster visualization based on car insurance. 
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