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Abstract: This study examines how electric vehicle (EV) charging infrastructure influences urban mobility performance in a Tier-II city, using Nizamabad in India as a case study. A structured survey was carried out with EV users—including two-wheeler riders and three-wheeler operators—to explore charging behaviour, accessibility to charging facilities, and the effects on daily travel patterns. The results show that limited charging availability, uneven station distribution, and long waiting times often disrupt trip continuity and reduce operational efficiency. 

These issues are especially pronounced among commercial operators, who depend on frequent charging to maintain daily service cycles. For them, infrastructure gaps directly affect service reliability and last-mile connectivity. In contrast, users with home charging facilities face far fewer disruptions, pointing to uneven impacts across different user groups. The findings indicate that charging infrastructure functions as a fundamental element of the urban transport system rather than an auxiliary service. A more deliberate alignment of charging stations with activity hubs and transport nodes would improve accessibility and support more stable mobility patterns. These observations underline the importance of coordinated infrastructure planning in facilitating the ongoing transition to electric mobility in emerging urban contexts. 
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Electric vehicles (EVs) are becoming an essential part of India’s transition toward sustainable transportation. 

With rising fuel prices, declining government subsidies, increasing environmental awareness, and advancements in EV technology, adoption rates are growing across both urban and semi-urban regions. Nizamabad, a developing city in Telangana, has also seen a steady rise in electric two-wheelers and three-wheelers, especially among daily commuters. However, the availability of affordable, reliable, and accessible charging infrastructure still lags behind this emerging demand. For small entrepreneurs, EV charging stations offer a unique micro-business opportunity due to low operational costs, flexible investment options, and potential partnerships with government and private companies. The economic feasibility of such a venture, however, depends on several factors, including the demand for charging, users’ willingness to pay, preferred locations, charging frequency, the reliability of power supply, and overall perception of EV infrastructure. Understanding these dimensions is crucial to assessing the business potential and profitability of EV charging stations as a micro-enterprise. 

https://doi.org/10.56578/ijtdi100120
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The integration of EV charging infrastructure is no longer a peripheral service but a foundational pillar of modern urban transport systems, fundamentally dictating mobility reliability, accessibility, and travel efficiency [1]. 

In urban landscapes characterized by short- to medium-distance trips, the spatial distribution of these facilities is the primary determinant of whether a journey can be completed without disruption [2]. Inadequate infrastructure leads to systemic failures, such as unplanned travel interruptions, extended waiting times, and inefficient route deviations, which degrade the overall performance of the city’s transport network [3]. Consequently, charging infrastructure must be transitioned from a purely economic or entrepreneurial consideration into a core element of comprehensive urban mobility planning and transport development [1]. 

This study aims to analyze the feasibility of EV charging stations in Nizamabad District by examining user behaviour, satisfaction levels, pricing preferences, and entrepreneurial intentions. It also highlights the challenges currently faced by EV users and identifies the most suitable charging models for the region. By combining user insights with business perspectives, the study provides a comprehensive understanding of how EV charging can develop into a sustainable micro-business opportunity in Nizamabad. 

In the specific context of Tier-II Indian cities like Nizamabad, the electrification of the transport sector is predominantly driven by electric two-wheelers and e-rickshaws, which serve as the backbone for daily commuting and last-mile connectivity. These vehicles function as vital feeder services to commercial hubs, markets, and transit stops, yet their operational effectiveness is entirely dependent on the proximity, reliability, and temporal availability of charging nodes. A fragmented charging network forces commercial operators into longer idle times and reduced service frequencies, directly compromising passenger accessibility and the economic viability of green transport. 

Therefore, a deep understanding of user charging behavior and localized constraints is imperative for evaluating how EV adoption will ultimately impact the efficiency of urban transport systems. 

The significance of this study lies in its contribution to understanding the rapidly evolving EV landscape in semi-urban Indian cities, particularly Nizamabad, which is witnessing a gradual shift toward sustainable mobility. 

With the Government of India and the Telangana State actively promoting EV adoption through various incentives and policies, the demand for reliable charging infrastructure has become increasingly critical. This research offers evidence-based insights into user behaviour, charging needs, and market demand; information that is essential for policymakers, urban planners, and private investors. By identifying the challenges faced by current EV users and examining their willingness to pay, the study provides practical guidance for designing consumer-friendly charging solutions. 

This research highlights the potential of EV charging stations as a viable micro-business model, supporting local entrepreneurship and generating employment opportunities. The findings are particularly useful for small and medium investors looking for low-cost, high-potential business ventures in the green technology sector [4]. Finally, this study contributes to sustainable development goals by encouraging cleaner transportation, reducing dependence on fossil fuels, and promoting environmentally responsible business models. 

Research Objectives

The present study aims to analyse EV charging infrastructure from a transport development and urban mobility perspective, using Nizamabad District as a case study. The specific objectives are: 1. To examine EV usage patterns, daily travel distances, and charging frequency among electric two-wheeler and three-wheeler users in Nizamabad. 

2. To assess how the availability and location of charging facilities influence users’ ability to complete daily trips without mobility disruption. 

3. To analyse the relationship between travel distance, charging dependency, and waiting time, and their impact on mobility reliability. 

4. To identify user groups most dependent on public charging infrastructure, particularly commercial and shared mobility operators. 

5. To derive planning implications for integrating EV charging infrastructure with public transport nodes and last-mile connectivity systems. 

The scope of this study is limited to assessing the economic feasibility of establishing EV charging stations as a micro-business model in Nizamabad District, Telangana. The research focuses on understanding EV usage patterns among two-wheeler users, three-wheeler auto drivers, and potential early adopters within the district. It also examines the existing charging infrastructure, user satisfaction, charging behaviour, preferred pricing structures, and locational preferences. In addition, the study explores entrepreneurial interest, investment potential, and the type of support expected from government or private entities for setting up EV charging stations. The scope is geographically restricted to Nizamabad and analytically confined to assessing demand, financial feasibility, and behavioural insights derived from structured questionnaire responses. While the study provides valuable insights into the emerging EV ecosystem, it does not include an evaluation of the technical engineering aspects of charging technologies or long-term economic projections beyond the current market environment. 
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2 Methodology

This section outlines the methodological framework adopted to understand the user preferences and adoption, usage patterns, to assess the economic feasibility of EV charging stations as a micro-business model in Nizamabad District, Telangana. The study is based on a descriptive and exploratory research design, chosen to understand current EV usage patterns, identify infrastructural gaps, and evaluate investment potential in the EV charging ecosystem. The approach enabled systematic measurement of user behaviour, customer satisfaction, and willingness to pay, while the exploratory component helped identify suitable business models and stakeholder expectations in the emerging EV sector. A cross-sectional survey design was used, wherein data collected from respondents at a single point in time, providing a clear snapshot of real-world conditions influencing EV charging demand in the district. 

The sample units of this study include users directly associated with EV usage and entrepreneurship in Nizamabad—i.e., EV two-wheeler users, e-auto-rickshaw drivers, business owners, and potential entrepreneurs. 

Considering the evolving nature of EV adoption in semi-urban cities, purposive sampling was used to ensure that participants could provide meaningful insights related to EV charging demand and business feasibility. A total of 150 respondents were selected, and this sample size was considered appropriate for a preliminary feasibility analysis. 

These respondents represent a mix of user groups and entrepreneurial segments, enabling a multi-dimensional understanding of the EV charging ecosystem. 

Primary data for the study collected using a structured questionnaire designed to address the research objectives. 

The questionnaire consisted of closed-ended questions, multiple-choice items, and Likert scale statements, respondent demographics, EV usage patterns, satisfaction with existing charging infrastructure, preferred payment methods, and entrepreneurial interest in establishing charging stations. Additional open-ended questions allowed respondents to share qualitative insights on the improvements needed in the charging infrastructure. To support the primary data analysis, secondary data is gathered from government reports and policies, industry publications, and indexed research articles. 

To analyze the collected data, responses were coded and processed using Microsoft Excel, and descriptive statistics such as percentages and frequency distributions were applied to summarize demographic information and EV usage patterns. To ensure the credibility of the research instrument, both reliability and validity measures were applied. Content validity was established by consulting experts from academia and the EV technology sector, who reviewed the questionnaire for relevance and clarity. Reliability analysis was conducted using Cronbach’s Alpha, which produced values above the acceptable threshold of 0.70, confirming strong internal consistency of the scale items. Ethical considerations were followed throughout the research process: respondents were informed that participation was voluntary, no personally identifiable information was collected, and all responses were treated with strict confidentiality. The data was used solely for academic purposes, in accordance with the ethical standards of social science research. 

Despite its methodological strengths, the study acknowledges several limitations. The use of purposive sampling restricts the generalisability of the findings beyond the immediate district. Although the sample size is adequate for a feasibility study, it may not fully capture all emerging categories of EV users, especially given the rapid pace of technological advancements and policy-driven adoption. The reliance on self-reported data may also introduce subjective bias in responses related to charging experiences and entrepreneurial interest. Additionally, future developments in battery technologies, electricity tariffs, and government subsidies may impact the long-term viability of EV charging stations, making some of the findings time-sensitive. 

3 Literature Review

The global transition toward sustainable transportation has accelerated the adoption of EVs, driven by climate commitments, technological advancements, and supportive government policies. Numerous studies have highlighted the essential role of charging infrastructure in enabling EV diffusion and ensuring long-term economic viability. 

Sierzchula et al. [5] found that the availability of public charging infrastructure is strongly correlated with EV adoption patterns, particularly in developing markets. Similarly, Li et al. [6] emphasised that accessibility and affordability of charging remain the strongest predictors of user satisfaction and continued EV usage. In the Indian context, Bansal and Goyal [7] noted that infrastructural gaps in semi-urban regions limit large-scale adoption, despite rising consumer interest and favourable policy support. Economic feasibility studies have also examined the viability of establishing EV charging stations. Jerome and Udayakumar [8] reported that small-scale, slow-charging models can be economically feasible due to their low operational costs, especially in markets dominated by two- and three-wheelers. Jain et al. [9] observed that investment feasibility improves significantly when user demand, pricing strategies, and station location are optimised. 

Researchers have also explored the potential of micro-entrepreneurship in EV infrastructure development. 

Devanathan and Pillai [10] suggested that micro-business models in the EV sector can succeed when supported by low-interest financing, subsidies, and franchise-based charging models. Jaiswal and Gupta [11] argued that micro-enterprises in Tier-II and Tier-III cities can generate substantial employment opportunities while contributing 290

to the growth of the EV ecosystem. Several studies also highlight the importance of pricing. Saxena et al. [12]

demonstrated that willingness to pay for charging services is shaped by income levels, electricity tariffs, and perceived service reliability. Ghosh and Bhattacharya [13] suggested that flexible payment systems—including prepaid and subscription-based models—can greatly enhance user satisfaction. 

Policy-oriented research underscores the role of government support. Gupta et al. [14] observed that India’s Faster Adoption and Manufacturing of EVs (FAME) scheme improved consumer confidence but lacked adequate focus on charging infrastructure development in smaller cities. Kumar et al. [15] recognised that local entrepreneurship could accelerate EV infrastructure expansion when supported through subsidies, training, and equipment access. Turoń et al. [16] reported that EV charging micro-businesses perform well in regions with high demand density, even when charging speeds are low. Meanwhile, Ahmad et al. [17] found that small charging points integrated into commercial and residential zones can generate stable revenue streams in urban–suburban markets. 

User charging behaviour has been a key focus in EV research. Wang et al. [18] found that daily travel distance and charging frequency vary significantly across EV types, influencing the preference for home versus public charging. 

Similarly, Saxena and Shrivastava [19] noted that EV auto-rickshaw drivers depend heavily on public charging stations due to higher daily travel distances, creating strong business potential for micro-level charging facilities. 

Yilmaz and Krein [20] argued that slow chargers are more suitable for small-scale businesses due to their lower installation costs and reduced grid impact. Likewise, Zhang et al. [21] suggested that battery-swapping stations may be cost-effective in regions dominated by commercial EV users. 

Collectively, these studies provide a strong theoretical foundation for the present research, which examines EV

charging as a micro-business opportunity in the context of Nizamabad. However, empirical evidence specific to semi-urban Indian cities—particularly related to entrepreneurial interest, charging patterns, and investment feasibility—remains limited. This study aims to fill these gaps. 

By looking at the unique transport landscape of semi-urban India, we can see a clear chain reaction: the actual charging conditions like how many stations are available, how long the wait is, and where they are located, directly dictate how people drive and charge their vehicles. These conditions force users to make daily decisions about which routes to take, how often to plug in, and whether to rely on home setups or public hubs. Ultimately, these individual choices ripple outward, affecting the entire city’s mobility performance, leading to either a seamless flow of travel or significant time loss and unreliable trips. For city planners, this means that the success of public transport and last-mile feeder services depends entirely on strategically placing chargers where they can best support these real-world user habits. 

4 Data Analysis and Results

4.1 Reliability Analysis

To assess the internal consistency of the measurement instrument, Cronbach’s Alpha (α) was computed for each construct included in the questionnaire. Reliability analysis was performed for five major sections of the survey tool, excluding demographic items and open-ended questions, as these do not contribute to scale reliability. 

The results of the reliability test presented in the Table 1 indicates that the questionnaire demonstrates acceptable to high levels of internal consistency across all constructs. The section measuring EV Usage Patterns yielded a Cronbach’s Alpha of α = 0.78, which indicates an acceptable level of reliability. Similarly, the construct addressing Satisfaction and Charging Challenges produced a reliability coefficient of α = 0.81, suggesting good internal consistency among the items. The Payment, Pricing, and Demand Preferences items recorded a Cronbach’s Alpha of α = 0.74, also falling within the acceptable reliability range. The construct measuring Perception toward EV

Charging Stations as a Micro-Business demonstrated good reliability with α = 0.83. Finally, the Entrepreneurial Interest and Support Expectations section achieved a high reliability value of α = 0.86, representing strong internal consistency and indicating that the items within this construct reliably capture the underlying concept.These results confirm that the questionnaire items consistently measure the intended constructs related to EV charging behavior, satisfaction levels, entrepreneurial inclination, and perceptions toward EV charging stations as a micro-business model in Nizamabad. 

Table 1. Reliability analysis

S. No

Section/Construct

Number of Items

Cronbach’s Alpha (α)

Reliability Level

1

Electric Vehicle (EV) Usage Patterns

6

0.78

Acceptable

2

Satisfaction and Charging Challenges

3

0.81

Good

3

Payment, Pricing, and Demand Preferences

4

0.74

Acceptable

4

Perception Toward EV Charging Stations

3

0.83

Good

5

Entrepreneurial Interest and Support

4

0.86

High
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4.2 Demographic Study

Table 2 represents the demographic study that consists of frequency count and percentages of all responses to the demographic variables of 150 respondents from Nizamabad District, Telangana. 

Table 2. Demographic study

Demographic Variable

Category

Frequency

Percentage (%)

Below 20

8

5.3

21–30

50

33.3

Age Group

31–40

42

28.0

41–50

28

18.7

Above 50

22

14.7

Male

101

67.3

Gender

Female

43

28.7

Other

6

4.0

Electric vehicles (EV) 2-wheeler user

63

42.0

EV 3-wheeler (auto) driver

41

27.3

Occupation

Business owner

16

10.7

Potential entrepreneur

13

8.7

Other

17

11.3

Below international normalized ratio (INR) 10,000

29

19.3

INR 10,001–INR 20,000

41

27.3

Monthly Income

INR 20,001–INR 40,000

52

34.7

INR 40,001–INR 60,000

16

10.7

Above INR 60,000

12

8.0

Nizamabad Urban

72

48.0

Area of Residence

Nizamabad Rural

60

40.0

Other

18

12.0

4.2.1 Age group and gender

A larger proportion of respondents (61.3%) fall between 21 and 40 years of age, indicating that EV adoption and interest in related business opportunities are largely concentrated among young to middle-aged adults who are more tech-savvy and open to new mobility solutions. The presence of respondents aged 41–50 and above 50 (33.4%) further suggests growing EV interest among older adults, reflecting a wider age appeal. The gender distribution shows male dominance (67.3%), which is common in India’s mobility sector; however, the notable participation of women (28.7%) and respondents from other gender identities (4%) highlights increasing inclusivity and the potential for targeted outreach initiatives to further engage women and diverse groups in EV usage and entrepreneurship. 

4.2.2 Occupation profile

The majority of respondents are EV two-wheeler users (42%) and three-wheeler (auto) drivers (27.3%), highlighting the dominance of these vehicle types in Nizamabad’s local EV market. Business owners (10.7%) and potential entrepreneurs (8.7%) together account for nearly one-fifth of the sample, reflecting a strong entrepreneurial presence capable of supporting or expanding EV infrastructure and services. This diverse mix suggests significant potential for micro-businesses focused on EV charging stations, maintenance, and related services, aligning well with local demand and livelihood opportunities. 

4.2.3 Income distribution and area of residence

Most respondents fall within the international normalized ratio (INR) 10,000 to INR 40,000 monthly income range (61.9%), indicating a predominantly lower-middle to middle-income demographic. This suggests that affordability is a key factor influencing both EV adoption and willingness to pay for charging services. Consequently, infrastructure and pricing models should prioritise cost-effectiveness to ensure accessibility for this segment. The nearly even distribution between urban (48%) and rural (40%) residents indicates that EV adoption and related business opportunities extend across diverse geographies, highlighting the need for inclusive infrastructure planning that supports both urban convenience and rural reach to maximize impact. 

The demographic profile reflects a young and moderately diverse user base, with a substantial proportion well-positioned for EV adoption and entrepreneurial ventures. The strong presence of two- and three-wheelers aligns with national trends, highlighting these vehicles as key areas for infrastructure investment. The income and urban–rural diversity underscore the need for flexible, affordable, and accessible charging solutions. Furthermore, the notable 292
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entrepreneurial interest (19.4% combined business owners and potential entrepreneurs) suggests readiness to engage with the EV ecosystem, particularly through micro-businesses such as localized charging stations, which could be supported by government subsidies and training programs. 

4.3 Analysis on Electric Vehicle Usage Pattern

4.3.1 Type of electric vehicle used

According to the Figure 1, electric two-wheelers dominate the EV market, accounting for nearly half of the total sample (48%), reflecting that the current EV transition is largely driven by personal transportation needs. Electric scooters and motorcycles offer an attractive balance of affordability and utility, making them the primary substitute for petrol-based daily commuting. Electric three-wheelers account for 23.3% of respondents, representing a significant share that supports public transport and last-mile connectivity. Unlike two-wheelers, this segment primarily consists of mini commercial vehicles, and their presence underscores the economic advantages of EVs, such as lower running costs, government subsidies, and higher returns on investment. In contrast, electric four-wheelers make up only 8.7% of users, highlighting low adoption due to the “premium barrier.” While two- and three-wheelers have achieved mass-market appeal, electric cars remain a niche segment because of higher upfront costs and reliance on robust charging infrastructure, which is still developing. 

Figure 1. Distribution of electric vehicle (EV) types

The “Planning to Buy” category (9.3%) represents the immediate potential market, nearly equal in size to the current four-wheeler user base, indicating that the market is far from stagnant. If these potential buyers convert, the total EV user base could grow by roughly 10% in the near term. Only 10.7% of respondents fall into the “Do Not Use” category, a figure much lower than typically observed in general population surveys. This low proportion suggests that the survey targeted an EV-aware ecosystem or that EV technology has already reached a high level of normalization within this demographic. The EV revolution in this group is clearly driven not by luxury cars but by affordable, high-utility vehicles such as two- and three-wheelers. The combined 71.3% share of these segments underscores that cost savings and practical utility are the primary factors driving electrification in this market. 

4.3.2 Duration of electric vehicle usage

According to the data shown in Figure 2, the EV market in the study is transitioning from an “early adopter” 

phase to a stage of market growth. The largest single segment of respondents (27.3%) has used EVs for 1–2 years, while a substantial 24.0% have been using them for more than two years. Combined, users with over one year of experience account for 51.3% of the sample. This is a key finding, as it indicates that the feedback collected reflects sustained, long-term usage rather than initial novelty. These experienced users have likely gone through the full cycle of vehicle ownership, including battery aging, maintenance requirements, and seasonal performance variations. 

While the established user base is strong, the influx of new users remains steady. Respondents with less than six months of experience (18.7%) and those with six months to one year (19.3%) together make up 38.0% of the sample. The nearly equal split between these cohorts indicates a consistent rate of new vehicle adoption over the past year, rather than a sudden, volatile surge. The 10.7% of respondents classified as “not an EV user” aligns with the non-user percentage reported earlier, providing internal consistency and validating the data quality across survey questions. Overall, the EV market comprises both repeat users and new adopters, reflecting a sustainable balance of retention and growth rather than a short-term bubble. 
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Figure 2. Duration of electric vehicle (EV) usage

4.3.3 Daily average travelling distance

Figure 3 shows daily travelling distances by EV users; most of the users travel between 20 and 40 km daily, with 38.7% (58 respondents) falling into this category. This distance aligns with typical urban travel in Tier-II cities, such as a 10–20 km round trip for work or business, indicating that current EV batteries are sufficient for the majority of users’ daily needs, often requiring only a single charge per day or every other day. The next largest group, traveling less than 20 km daily, accounts for 20.0% of users. Their charging needs are minimal, and the operational cost savings compared to petrol vehicles over time are substantial. About 21.3% (32 respondents) travel between 40 and 60 km daily, representing users with longer commutes or those using their EVs for commercial purposes. While still within the range of most modern EVs, this group would need a disciplined daily charging routine. Only 9.3% (14

respondents) travel more than 60 km daily. This small segment likely perceives current EV options as less viable for long distances—due to range anxiety or limited mid-day public charging—or reflects the reality that few people have such long daily commutes. This group is most prone to experiencing charging-related anxiety. 

Figure 3. Average daily travel distances

The cumulative data indicate that 80% of active EV users—combining the <20 km, 20–40 km, and 40–60 km groups—travel 60 km or less daily. This finding strongly supports the practical viability of current EV technology in urban and semi-urban settings, demonstrating that for the vast majority of users, vehicle range is not a limiting factor for everyday commuting or routine travel. 
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4.4 Analysis on User Charging Preferences

4.4.1 Electric vehicle charging patterns

According to Figure 4, the most common charging behavior, reported by 42.7% of respondents (64 individuals), is once-daily charging, reflecting a routine “charge-at-home overnight” habit. This behavior is similar to charging a mobile phone—users plug in at the end of the day regardless of the remaining battery level to ensure a full range for the next day, effectively minimizing range anxiety. A smaller but significant segment (12.7%, 19 respondents) charges twice daily, likely corresponding to commercial users, such as auto or three-wheeler drivers, or high-mileage commuters for whom a single overnight charge is insufficient, highlighting the need for accessible public charging infrastructure or daytime battery-swapping stations. Interestingly, 26.7% of users (40 respondents) charge only once every two to three days, indicating that modern EV batteries often exceed daily travel needs. These users are likely short-distance commuters (<20 km/day) who treat their EV more like a petrol vehicle—refueling only when necessary—rather than a mobile device. A minority of 7.3% charges once weekly, likely representing ultra-short-distance users or those using their EV as a secondary vehicle for occasional errands. 

Figure 4. Frequency of electric vehicle (EV) charging

The data reveals a clear split in charging behavior. While the majority of users (55.4%, combining “once daily” 

and “twice daily”) falls under high-frequency charging category, a significant minority (34%, combining “every 2–3

days” and “weekly”) follows a low-frequency charging schedule. This indicates that while accessible public charging infrastructure is crucial for the high-intensity group, home charging solutions are adequate for most users who charge every two to three days or weekly. 

Our research shows a direct link between how far people drive and how much they rely on public chargers, creating a clear divide in the EV experience. Commercial operators and long-distance drivers, particularly those in electric three-wheelers, are the most dependent on public stations and, as a result, face the highest risk of delays or service gaps when chargers are occupied or broken. On the other hand, people who commute shorter distances on electric two-wheelers usually just charge at home, avoiding these interruptions altogether. This gap proves that a lack of public charging doesn’t affect everyone equally—it hits our commercial and shared transport services the hardest, which ultimately makes our city’s overall transport system less reliable and harder for everyone to use. 

4.4.2 Preferred charging location

According to Figure 5, about 40.0% of EV user respondents prefer home charging is the primary choice. This aligns closely with the “once daily” charging pattern and confirms that the dominant ownership model in this ecosystem is “charge while you sleep.” This convenience is a key adoption driver, eliminating the need to visit a fuel station for nearly half the users. Interestingly, 33.3% (50 respondents) depend on public charging stations as their main source. This segment likely includes three-wheeler commercial users and those without dedicated home charging facilities, such as apartment residents, highlighting that public infrastructure is not merely a backup but a primary enabler for a significant portion of the EV community. 

Only 4.7% use workplace charging as their primary option, representing a largely untapped opportunity. Low adoption may be due to limited charging infrastructure at office premises or a lack of incentives for employers to provide such facilities. Roadside informal shops cater to 8.7% of users, illustrating the grassroots nature of the 295
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ecosystem—general stores or automobile shops often fill gaps for two- and three-wheelers where formal infrastructure is absent. Overall, the charging ecosystem is a hybrid model, dominated by home charging (40%) but strongly supported by public stations (33.3%). Future infrastructure investment should focus on two areas: residential solutions, such as retrofitting apartments for home charging, and dense public networks to support the one-third of users who cannot charge at home. 

Figure 5. Preferred electric vehicle (EV) charging location

4.4.3 Use preference on charging time

The analysis of preferred charging times provides valuable insights into daily mobility patterns and user behavior. 

As per Figure 6, Evening hours are the most favored, accounting for 41.3% of responses, likely reflecting users returning home from work or daily activities and charging their EVs overnight for the next day. This highlights the need for adequate charging infrastructure during peak evening hours. Morning charging is the second most preferred, chosen by 22.7% of respondents, suggesting that a significant portion of users prefer to charge before starting their daily commute, which can help avoid battery overcharging and optimize usage. Afternoon and late-night charging each account for 18% of responses, showing moderate preference. Afternoon charging may coincide with commercial activities, longer commutes, or workplace needs, while night charging may suit users with shift-based schedules or those seeking less congestion at stations. 

Figure 6. Preferred time for charging electric vehicles (EVs)
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These findings are crucial for planning load distribution, optimizing charging infrastructure, and designing time-based tariff models. Understanding temporal charging patterns can help policymakers and service providers reduce congestion, enhance user satisfaction, and improve operational efficiency. 

4.4.4 Average charging duration

Figure 7 highlights most common charging duration is 1–2 hours, reported by 44.7% of respondents, indicating that nearly half of users find a mid-range charging time sufficient, likely corresponding to “top-up” charging at public stations or standard home/work charging. The next most popular duration is 2–3 hours, representing 20.0%

(30 individuals). Short sessions of less than 1 hour account for 14.7%, likely representing fast-charging users or those needing only a quick range extension. Only 10.0% of users charge for more than 3 hours, suggesting that deep, long-duration charging—typically associated with slow AC chargers for fully depleted batteries—is the least common daily habit. A further 10.7% of respondents identified as non-EV users. Overall, the data reveals a strong preference for moderate charging sessions: combining the top two categories, 64.7% of users charge for 1–3 hours. 

This insight is valuable for infrastructure planning, indicating that chargers optimized for 1–3 hour turnover would serve the majority of the user base most effectively. 

Figure 7. Distribution of electric vehicle (EV) charging time

When you’re racing against the clock—whether you’re an e-rickshaw driver trying to hit a daily target or a commuter heading to work—long wait times at a charging station feel like much more than just a minor annoyance; they represent a complete breakdown in the city’s flow. For the people who keep our streets moving, every extra minute spent waiting for a plug is a minute they aren’t earning or moving, which ultimately thins out the available transport for everyone else and turns what should be a simple charge into a major roadblock for the whole city’s efficiency. 

4.4.5 User willingness to pay per charging

The analysis highlights user preferences for pricing, offering valuable guidance for tariff and revenue planning for EV charging infrastructure. As per Figure 8, the majority of users (32.7%) prefer a moderate pricing range of Rs. 

31–40, indicating a perception of fair balance between affordability and value compared to non-renewable energy. 

Pricing between Rs. 20–30 and Rs. 41–60, each preferred by 27.3% of respondents, shows comparable acceptance levels. The lower range reflects price-sensitive users, likely influenced by lower incomes or shorter daily travel distances, while the higher range indicates a segment willing to pay more for faster charging, better service quality, or convenient locations. 

A smaller proportion, 12.7% of respondents, are willing to pay above Rs. 60, suggesting that premium pricing appeals to only a limited segment. Collectively, these findings suggest that operators should adopt differential pricing models catering to diverse user segments—from budget-conscious daily commuters to premium users seeking advanced services. The predominance of mid-range preferences emphasizes the need for competitive pricing to ensure broad adoption and regular utilization of charging infrastructure. These insights are critical for designing financially viable solutions while promoting wider EV adoption in the region. 
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Figure 8. User willingness to pay for electric vehicle (EV) charging service 4.4.6 Preferred payment mode

The analysis of preferred payment methods offers insights into user convenience and expectations. Figure 9 reveals that the Unified Payments Interface (UPI) emerges as the most favored option, chosen by 45.3% of respondents, reflecting the widespread adoption of mobile-based digital payments in urban and semi-urban India due to their ease of use, instant transactions, and reliability. This dominance indicates that EV charging operators should integrate seamless digital payment systems to enhance user experience and transaction efficiency. Cash payments, preferred by 29.3% of respondents, remain the second most common method, highlighting that a significant segment still relies on traditional transactions—likely due to demographic factors, digital literacy gaps, or a preference for tangible payments. 

Figure 9. Preferred mode of payment for electric vehicle (EV) charging service Consequently, retaining cash options is essential to cater to diverse users, especially first-time EV adopters or those from less digitalized backgrounds. Moderate interest is seen in subscription-based payments (15.3%), suggesting a willingness among some users—such as frequent commuters or fleet operators—to adopt periodic or membership models that could enhance loyalty and provide predictable revenue for operators. Prepaid cards, preferred by only 10% of respondents are the least favored, likely due to inconvenience and limited flexibility compared with real-time digital alternatives like UPI. Overall, the findings underscore a clear shift toward digital, real-time, and user-friendly payment solutions, with UPI firmly established as the dominant mode. 
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4.5 Analysis of User Perception

4.5.1 Satisfaction with charging facilities

The data presented in Figure 10 reveals a mixed sentiment among respondents regarding the charging facilities. 

The largest single group, Neutral, comprises 30.7% (46 respondents), indicating that a significant portion of users are neither particularly satisfied nor dissatisfied. This “fence-sitting” group represents a critical opportunity, as targeted improvements could convert them into satisfied users. Combining “Very Satisfied” (10.7%) and “Satisfied” (27.3%) shows that 38.0% of users have a positive view, while “Very Dissatisfied” (10.7%) and “Dissatisfied” (20.7%) together account for 31.4% expressing negative sentiment. 

Figure 10. User satisfaction with electric vehicle (EV) charging facilities Although positive sentiment slightly outweighs negative sentiment by 6.6%, the large neutral block heavily anchors overall perception. This balance suggests a polarized experience for roughly 20% of the user base, where highly loyal advocates are mirrored by strong detractors. While more users are satisfied than dissatisfied, the combined neutral and dissatisfied responses—exceeding 50%—indicate that the product or service meets basic needs but fails to delight most users. Efforts should therefore focus on addressing the pain points of the dissatisfied group and identifying “wow” factors to engage and convert the neutral users. 

4.5.2 Challenges faced by electric vehicle users

The data derived from a “multi-select” option presented in Figure 11, where percentages exceed 100% (155.2%), indicates that many respondents face multiple simultaneous challenges. The findings highlight that infrastructure availability is a far more pressing concern than cost. The lack of charging stations is the top issue, cited by 51.3% of respondents—more than double the frequency of the next most common challenge—indicating that range anxiety is primarily driven by the absence of charging points rather than charger performance. Unreliable power supply (25.3%) ranks second, and when combined with poor location accessibility (19.3%), it shows that even where stations exist, they are often offline, broken, or difficult to reach. About 22.7% of users reported long waiting times, while 15.3%

cited slow charging as a concern. 

Surprisingly, high charging costs (12.0%) were among the least cited issues, suggesting that current EV users are relatively price-insensitive but highly sensitive to convenience and availability—they are willing to pay if the service is reliable and accessible. Only 9.3% of respondents reported no challenges, implying that over 90% face some form of difficulty. To improve user satisfaction, priorities should focus on expanding network coverage and enhancing reliability rather than lowering prices or marginally increasing charging speeds. 

4.5.3 Need for more charging stations

The study on willingness to use EV charging stations reveals a positive outlook toward the adoption of charging infrastructure. According to Figure 12, a large majority of respondents (81.3%) expressed clear willingness to use EV charging facilities, reflecting growing confidence in EVs’ reliability, convenience, and the necessity of accessible charging networks. This high level of willingness serves as a strong indicator of future demand and supports further investment in EV charging infrastructure. Only 8% of respondents stated they would not use charging stations, likely including non-EV users, those with limited exposure to EV technology, or individuals facing barriers such as cost, accessibility, or perceived utility. 
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Figure 11. Challenges faced by electric vehicle (EV) users

Figure 12. Preferred electric vehicle (EV) charging model

Meanwhile, 10.7% were unsure, suggesting unfamiliarity with EV usage or charging processes. This group represents a key target for awareness campaigns, educational initiatives, and demonstration projects to build confidence and promote adoption. Overall, the findings point to a highly encouraging environment for expanding EV charging networks, with strong potential for rapid growth in EV-related services. 

4.5.4 Likelihood to recommend new charging stations

The likelihood of recommending EV charging stations offers valuable insights into user satisfaction, perceived service value, and the potential for word-of-mouth promotion, which is critical for accelerating EV adoption. The results presented in Figure 13 reflect a strongly positive outlook, with 36% of respondents indicating they are “Likely” 

and 31.3% “Very Likely” to recommend new facilities, together accounting for 67.3% of the total responses. This demonstrates strong user confidence in EV charging infrastructure and its perceived usefulness. A moderate segment (16%) expressed a neutral stance, neither endorsing nor discouraging use, suggesting satisfactory but not exceptional experiences. Their neutrality may stem from limited exposure, evolving expectations, or service quality gaps, and targeted improvements in charging speed, convenience, and pricing could convert them into positive promoters. 

Conversely, 9.3% of respondents were “Unlikely” and 7.3% “Very Unlikely” to recommend stations, representing 16.6% of the sample. This group may reflect dissatisfaction related to cost, accessibility, or reliability. Understanding these concerns is essential for service providers and policymakers to refine operations, improve user experience, and address barriers. Overall, the findings indicate a predominantly optimistic outlook toward recommending EV

charging infrastructure. 

300

[image: Image 15]

[image: Image 16]

Figure 13. Likelihood of recommending electric vehicle (EV) charging stations 4.6 Entrepreneurial Opportunities

4.6.1 Preferred charging station model

The analysis of preferences for EV charging business models highlights varying user priorities and potential business approaches. As per Figure 14, the most favored option is the combination model, integrating multiple charging solutions such as slow charging, fast charging, and possibly battery swapping, chosen by 34.7% of respondents. This preference underscores the importance of flexibility and adaptability in EV infrastructure to accommodate diverse vehicle types, charging speeds, and usage scenarios. Battery swapping ranks second at 24%, appealing particularly to commercial users, fleet operators, and high-mileage vehicles that prioritize efficiency and rapid turnaround. 

Figure 14. Preferred charging station model

Slow chargers, preferred by 22%, reflect a substantial segment seeking cost-effective solutions suitable for routine overnight charging and residential deployment. Fast chargers, despite their technological advantages, received the least preference at 19.3%, likely due to higher installation and operational costs and the perception that they are unnecessary for typical daily commutes. Overall, the findings indicate a strong demand for versatile, multi-solution charging ecosystems, with cost-effectiveness and operational efficiency being key factors influencing user choices. 

4.6.2 Entrepreneurial interest

The respondent comprises of business owners and potential entrepreneurs demonstrated a largely positive outlook toward establishing EV charging businesses. According to Figure 15, about 58.6% expressed clear interest in 301
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starting such a venture, indicating strong entrepreneurial potential and recognition of the commercial viability, growth prospects, and future relevance of EV infrastructure. Their willingness is likely influenced by factors such as increasing government support, rising EV adoption rates, and perceived long-term profitability. 

Figure 15. Entrepreneurial interest among business owners and potential entrepreneurs Conversely, 24.1% indicated no interest, reflecting a minority who may be deterred by perceived risks, financial constraints, limited technical knowledge, or uncertainty about market stability. This highlights the need for awareness programs, feasibility demonstrations, and financial guidance to reduce barriers. Additionally, 17.2% were unsure about establishing an EV charging enterprise, possibly due to limited understanding of operational requirements, unclear revenue expectations, or lack of exposure to successful business models. Overall, the findings demonstrate a strong positive orientation toward EV charging entrepreneurship within this subgroup, with more than half showing clear interest in pursuing such ventures. 

4.6.3 Preferred business model

The analysis offers valuable insights into the entrepreneurial models considered most viable to enter into EV

charging business. The findings shown in Figure 16 show that the Own & Operate model is the most preferred, selected by 34.5% of respondents, reflecting a strong desire for full ownership control, operational flexibility, and the potential for higher returns. This choice indicates confidence in managing the day-to-day operations of EV

charging infrastructure independently. The Shared Revenue model ranks second at 24.1%, appealing to those who favor risk-sharing and collaborative investment structures, as it can reduce financial burden and provide operational support from experienced partners or service providers. 

Franchise and partnership models, each preferred by 20.7%, show moderate interest. The franchise model, in particular, attracts individuals seeking structured support, brand recognition, and standardized operations offered by established EV companies. Overall, these findings highlight the need for diverse business entry pathways within the EV charging ecosystem to accommodate entrepreneurs with varying financial capacities, risk tolerance, and operational readiness. 

4.6.4 Preferred investment outlay

The preferred investment range for entering the EV charging business is presented in Figure 17, which is found to be balanced and realistic. The most favored bracket, Rs. 50,000 to Rs. 100,000, was chosen by 34.5% of respondents, reflecting a preference for low-entry-cost business models due to limited financial capacity, risk sensitivity, or a desire to start with minimal infrastructure and operational expenses. The second most preferred range, Rs. 100,000 to 200,000, was selected by 31% of respondents, indicating a willingness to commit moderate investment, potentially for more robust charging setups or small-scale fast-charging options. The near-equal preference between these two categories highlights a cautious yet optimistic investment mindset among the subgroup. 

Higher investment ranges, Rs. 200,000 to 300,000 and above Rs. 300,000, together account for 17.2% of responses, representing individuals willing to commit significant capital, likely targeting advanced solutions such as fast chargers or hybrid models integrating multiple charging options. Their readiness to invest more reflects confidence in the long-term growth of the EV sector and the potential for higher returns from premium services. 
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These insights are essential for designing tailored financial support programs, government subsidies, and investment models that align with the varying capital capacities of prospective EV charging entrepreneurs. 

Figure 16. Preferred business model for establishment of EV charging station Figure 17. Preferred investment range for establishment of EV charging stations 4.6.5 Expected support eco-system

The support requirements for starting an EV charging business highlight the key enablers that prospective entrepreneurs consider essential for entry. The findings presented in Figure 18 reveal that financial assistance in the form of government subsidies is the most sought-after support, cited by 55.2% of respondents, reflecting the critical role of capital incentives in mitigating investment risks and encouraging wider participation. Training and technical assistance were expected by 41.4% of respondents, underscoring the need for specific technical knowledge in equipment handling, electrical safety, software management, and maintenance protocols. This demand points to the importance of capacity-building initiatives, such as workshops and hands-on training programs, to enhance the competence and confidence of new entrants. 

Accessible bank loans were preferred by 34.5% of respondents, indicating that flexible financing options, simplified application procedures, and risk-sharing mechanisms are essential to support small- and medium-scale 303
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investors in the EV sector. Additionally, about 24.1% of respondents sought support for equipment supply and land/space availability, reflecting infrastructural concerns. Access to affordable chargers, related hardware, and suitable locations is considered a vital component for establishing operationally viable charging stations. 

Figure 18. Support system required for EV charging station business

5 Findings and Discussion

The demographic profile shows that EV adoption in Nizamabad is led by younger and middle-aged users, with males forming the majority [22]. Two-wheelers and three-wheeler auto drivers dominate usage, reflecting national trends where younger consumers and utility-focused segments drive EV uptake due to cost and efficiency advantages. 

These results are in consistent with Ali and Gupta [23]; Singh and Das [24]; Dutta and Mandal [25] and International Energy Agency (IEA) [26]. 

Affordability drives market composition, with 2-wheelers and 3-wheelers dominating, while 4-wheeler adoption remains low, reflecting higher cost barriers as observed in emerging-market EV studies [27, 28]. The duration-of-use data show that over half of users have more than one year of EV experience, indicating a mature user base capable of providing insights on long-term performance, consistent with prior EV behaviour research [29]. 

Analysis of daily travel distances shows that 80% of respondents commute less than 60 km per day, which is sufficient to meet typical daily mobility needs, consistent with Tong and Feng [30]. Charging frequency patterns reveal that users charge once daily, and once every 2–3 days, aligning with the charging behaviours documented by Zhang and Chen [31]. Notably, users rely primarily on public charging stations, highlighting infrastructure gaps and the need for extensive charging networks, particularly in densely populated and lower-income areas, consistent with findings by De Souza and Pereira [32] and Ermagun and Tian [33]. 

User satisfaction with charging infrastructure presents a mixed picture; the majority expressed satisfaction, while a large number are also equally dissatisfied. This reflects challenges in early-stage EV ecosystems, which often suffer from inconsistent reliability and accessibility, as observed by Parast and Nelson [34]. Key barriers reported by users include a lack of charging stations and unreliable power supply, echoing findings by Ghosh [35] and NITI Aayog [36]. Long waiting times and slow charging were also noted as concerns, consistent with the EV user study by Mishra and Singh [37]. 

Regarding preferred charging locations, residential areas and commercial zones are the top choices, emphasizing that charging networks should align with routine human mobility patterns, as suggested by Lin and Wu [38] and Pani and Mishra [39]. Pricing preferences lean toward mid-range tariffs of Rs. 31–40, highlighting the importance of affordability for lower- and middle-income groups [40]. Payment modes are dominated by UPI, reflecting the rapid adoption of digital payment systems in mobility services [41]. Peak charging typically occurs in the evening, aligning with post-work residential charging demand, consistent with the findings of Ahmed and Klinger [42] and International Energy Agency (IEA) [26]. 

Entrepreneurial interest in EV charging stations is strong and expresses willingness to start a business, reflecting favorable perceptions of the EV sector, as discussed by Mahajan and Arora [43]. Among business owners and potential entrepreneurs, there is a clear intent to establish micro EV charging ventures [44]. Preferred business models include Own & Operate and Shared Revenue, aligning with findings by Kumar and Khandelwal [45]. 

Investment preferences ranging from Rs. 50,000 to 200,000 highlight the emphasis on small-scale, manageable charging infrastructure, consistent with insights from McKinsey [46]. 
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EV entrepreneurs also seek government support in the form of subsidies, technical training, and accessible bank loans to build capacity and enhance operational competence, as documented by UNEP [47] and the Government of India [48]. These preferences confirm that local entrepreneurs require both financial and technical backing to actively participate in EV infrastructure development [49]. 

Essentially, these findings highlight that EV charging should not exist in a vacuum; it needs to be woven directly into the fabric of our daily commutes. By placing charging stations at strategic “hotspots” like bus stops, markets, and offices, we can make switching between different modes of travel seamless and ensure that the “last mile” 

of a journey is as reliable as the first. For e-rickshaw drivers specifically, having dependable power near major transport hubs means they can keep their feeder services running without long gaps or downtime. If we then add smart time management and give priority access to these shared commercial vehicles, we can significantly cut down on congestion and wait times, making the whole city move much more efficiently. Dogan [50] recommended that policymakers in BRICS economies formulate and execute policies that promote green technology advancement, research, and development initiatives. 

Collectively, these findings present a coherent picture of a rapidly evolving EV ecosystem, where consumer adoption, infrastructure demand, and entrepreneurial potential are advancing simultaneously, yet require strategic alignment and support to ensure sustainable growth. 

6 Conclusion

In Nizamabad, building a reliable EV network is about much more than just installing plugs; it is about ensuring that the city’s pulse—driven by thousands of electric two-wheelers and e-rickshaws—stays consistent and connected. This study reveals that when charging stations are poorly placed or hard to find, it creates a ripple effect of long wait times and broken commutes that directly hurts the efficiency of our shared and last-mile transport. To truly make green mobility work for everyone, we have to stop looking at charging stations as mere business ventures and start treating them as a vital piece of our city’s transport DNA, just as essential as the roads themselves. Key challenges identified include insufficient stations, unreliable power supply, slow charging, and long waiting times, underscoring the importance of a well-equipped, technologically advanced charging network, particularly in residential and commercial areas. Entrepreneurial interest in EV charging businesses is notably high, with respondents favoring ownership-based or shared revenue models and moderate investment levels. Financial incentives, technical training, and accessible financing are essential to support new entrants and foster sustainable business growth. With appropriate policy and infrastructure support, Nizamabad has the potential to develop a self-sustaining EV ecosystem. Overall, the research affirms that while EV adoption is accelerating, strategic interventions targeting infrastructure expansion, enhanced user experience, and entrepreneurial capacity-building are critical to advancing a reliable and inclusive electric mobility future. Future research might look at how EV charging infrastructure fits into multimodal transportation systems, especially how it supports feeder services like shared mobility and e-rickshaws. The impact of charging availability close to public transportation hubs on connection, transfer efficiency, and overall urban mobility performance might be investigated further. The findings provide clear guidance for policymakers, urban planners, and private stakeholders to implement targeted measures that improve charging accessibility, promote innovation, and support sustainable transportation in the region. 
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Abstract: This study examines how electric vehicle (EV) charging infrastructure influences urban mobility
performance in a Tier-II city, using Nizamabad in India as a case study. A structured survey was carried out with
EV users—including two-wheeler riders and three-wheeler operators—to explore charging behaviour, accessibility
to charging facilities, and the effects on daily travel patterns. The results show that limited charging availability,
uneven station distribution, and long waiting times often disrupt trip continuity and reduce operational efficiency.
These issues are especially pronounced among commercial operators, who depend on frequent charging to maintain
daily service cycles. For them, infrastructure gaps directly affect service reliability and last-mile connectivity. In
contrast, users with home charging facilities face far fewer disruptions, pointing to uneven impacts across different
user groups. The findings indicate that charging infrastructure functions as a fundamental element of the urban
transport system rather than an auxiliary service. A more deliberate alignment of charging stations with activity
hubs and transport nodes would improve accessibility and support more stable mobility patterns. These observations
underline the importance of coordinated infrastructure planning in facilitating the ongoing transition to electric
mobility in emerging urban contexts.

Keywords: Environment; Electric vehicle; Charging infrastructure; Urban mobility performance: Charging
dependency; First- and last-mile connectivity; Transport system integration; Accessibility

1 Introduction

Electric vehicles (EVs) are becoming an essential part of India’s transition toward sustainable transportation.
With rising fuel prices, declining government subsidies, increasing environmental awareness, and advancements in
EV technology. adoption rates are growing across both urban and semi-urban regions. Nizamabad, a developing
city in Telangana, has also seen a steady rise in electric two-wheelers and three-wheelers, especially among daily
commuters. However, the availability of affordable, reliable, and accessible charging infrastructure still lags behind
this emerging demand. For small entrepreneurs, EV charging stations offer a unique micro-business opportunity
due to low operational costs, flexible investment options, and potential partnerships with government and private
companies. The economic feasibility of such a venture, however, depends on several factors, including the demand
for charging, users’ willingness to pay, preferred locations, charging frequency, the reliability of power supply, and
overall perception of EV infrastructure. Understanding these dimensions is crucial to assessing the business potential
and profitability of EV charging stations as a micro-enterprise.

https://doi.org/10.56578/ijtdi100120
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