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Abstract:
The adoption of electric vehicles (EVs) in Bangalore has the potential to significantly reduce emissions, improve air quality, and lower transportation costs. However, there are a number of hurdles that need to be overcome in order for EVs to become widely adopted in the city.
One of the biggest hurdles is the high upfront cost of EVs. EVs are typically more expensive to purchase than conventional vehicles. However, the cost of EVs is expected to come down in the coming years as battery technology improves and production costs decline. Another hurdle is the limited range of EVs. EVs have a limited range on a single charge, which can be a concern for drivers who need to travel long distances. However, the range of EVs is also improving, and there are now a number of EVs available with ranges of over 300 kilometers.
Limited charging infrastructure is another hurdle to EV adoption in Bangalore. There is a lack of public charging stations in the city, which can make it difficult for EV owners to charge their vehicles. However, the government and private companies are investing in the development of public charging stations. Finally, lack of awareness is also a hurdle to EV adoption. Many people are not aware of the benefits of EVs or the different types of EVs available. However, governments and other stakeholders are launching awareness campaigns to educate the public about EVs.
This paper will explore the limitations and solutions to the ubiquitous adoption of electric vehicles in Bangalore. It will discuss the factors that are hindering the adoption of EVs, as well as the steps that can be taken to overcome these challenges.
[bookmark: _GoBack]The paper will conclude by discussing the potential benefits of widespread EV adoption in Bangalore, and the role that the government and other stakeholders can play in accelerating the adoption of EVs.
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Introduction:
Over the past few decades, India's population, urbanisation, and affluence have grown quickly, which has altered its residents' mobility. According to World Bank figures published by NITI Aayog, India's transport demand has increased by over 8 times since 1980, more than any other Asian economy. While this has helped the country's auto sector grow significantly on the one hand, it has also highlighted the potential for the environment to suffer permanent harm. 
As the global community grapples with pressing environmental concerns, including climate change, air pollution, and the depletion of finite fossil fuel resources, the transition to sustainable and environmentally friendly transportation solutions has risen to the forefront of societal priorities. Within this paradigm, electric vehicles (EVs) have emerged as a pivotal catalyst for change, offering a cleaner, more sustainable alternative to conventional internal combustion engine vehicles. However, the widespread adoption of EVs within the bustling urban landscape of Bangalore, India, is fraught with unique challenges and opportunities that demand a focused examination. This paper, titled "Overcoming Hurdles for the Ubiquitous Adoption of Electric Vehicles in Bangalore: Exploring Limitations and Solutions," aims to delve into these intricacies, shedding light on the critical issues surrounding EV adoption in this dynamic city.
Bangalore often referred to as the "Silicon Valley of India," stands as a thriving and rapidly growing metropolis. Its burgeoning population has brought about urban challenges like traffic congestion, deteriorating air quality, and the ecological consequences of a fossil fuel-dependent transportation system. Electric vehicles represent a potential solution to these issues, with their capacity to reduce carbon emissions and provide a cleaner, more sustainable mode of urban mobility. 
Need for EV’s in India:
Infrastructure for transport and energy are in greater demand as a result of rapid urbanisation.
The adoption of alternative fuels is necessary for environmental sustainability given India's commitment to addressing the issue of climate change (Intended Nationally Determined Contribution goal to achieve about 40% of cumulative installed capacity of electric power from non-fossil fuel based energy sources by 2030).
Better electricity generating technology has reduced costs as a result of the move to renewable energy sources. As a result, the idea of cheap, low-carbon, and clean grids has been proposed. Higher energy densities, quicker charging, and less battery degradation from charging are all results of advancements in battery technology. In addition to the advancement of motors.
EV Sales Trends in India 2023:
India's electric vehicle (EV) sales have been growing rapidly in recent years, and this trend is expected to continue in 2023. According to data from the Federation of Automobile Dealers Associations (FADA), EV sales in India grew by over 300% in the first half of 2023 compared to the same period in 2022.
The following graph shows the monthly EV sales trend in India from August 2022 to July 2023:

[image: India's Electric Vehicle Sales Trend | July 2023 • EVreporter]Source: Vahan dashboard data as per 1352 out of 1438 RTOs across 34 out of 36 states/UTs. Low speed 2Ws not included
Key Trends in EV Sales in India:
Two-wheelers: Electric two-wheelers (e-2Ws) account for the majority of EV sales in India. In July 2023, e-2W sales reached 54,272 units, accounting for over 46% of total EV sales.
Three-wheelers: Electric three-wheelers (e-3Ws) are also becoming increasingly popular in India. In July 2023, e-3W sales reached 53,736 units, accounting for over 45% of total EV sales.
Four-wheelers: Electric four-wheelers (e-4Ws) are still in their early stages of adoption in India, but sales are growing rapidly. In July 2023, e-4W sales reached 7,471 units, accounting for over 6% of total EV sales.
Factors Driving EV Sales Growth in India
There are a number of factors driving the growth of EV sales in India, including: Government support: The Indian government is offering a number of incentives to promote EV adoption, such as subsidies on the purchase of EVs and exemption from certain taxes and fees.
Rising fuel prices: The rising cost of fuel is making EVs more attractive to consumers.
Increasing awareness of environmental benefits: Consumers are becoming more aware of the environmental benefits of EVs, such as reduced air pollution and greenhouse gas emissions.
Outlook for EV Sales in India

The outlook for EV sales in India is very positive. The Indian government has set ambitious targets for EV adoption, and a number of automakers are investing heavily in the Indian EV market. It is estimated that India could sell over 10 million EVs per year by 2030.
Review of literature:
1. Rupesh Kumar(2020) Analysing the barriers to EV adoption in the Indian context has been the goal of the current study. The literature is utilised to compile lists of challenges, and targeted group studies help to further identify some of these challenges. Adopting sharing economy-based measures the report analyses difficulties as well as actions made to mitigate them. In addition to the issues mentioned above, creating technology and resources to lower the overall cost of ownership of EVs, creation of sufficient electric power generation, creation of Providing appropriate battery production and charging infrastructure to encourage the use of electric vehicles by use of government initiatives, rewards, public awareness campaigns, and civic engagement Incentives for the end user to adopt the technology more quickly, social support, and other factors (Rezvani et al., ) 
The government must take the initiative on this matter (2015). to promote EV-adoption. EV stakeholders need to concentrate on a few critical areas that the focus group study has identified, such is the battery's price, price multiples, and the difficulty with the power infrastructure. These difficulties require all parties to work together to build a better EV ecosystem progress in India. 
2.Fayez Alanazi (2023) the initiatives to encourage the use of electric cars (EVs) as a sustainable means of transportation are covered in the article. These tactics include favourable laws and rules, spending on infrastructure for charging, and outreach and education programmes for the general public. Governments can assist by legislating minimum EV sales targets, offering financial incentives, and subsidising infrastructure for charging stations. To encourage the use of EVs, private businesses can finance the necessary infrastructure for charging, create fresh business strategies, and collaborate with OEMs. Programmes for public education can assist in overcoming challenges like range anxiety and a lack of information about the advantages of EVs. We can move to a more sustainable transportation system, lessen our reliance on fossil fuels, and stop climate change by putting these measures into practise.
3.Sreeraj Ramesan(2022) Major challenges with the uptake of EVs have been investigated through the literature review in this study and have been narrowed down based on the focus group discussion. Additionally, the enablers needed to through a review of the literature and input from FGD specialists, ways to resolve these problems are examined. opinions. The association between is determined using an integrated framework of FGD and TISM. These facilitators so that they can be ranked in order of their driving power power/dependencies. EVs can help the Indian government accomplish its overarching goals of boosting energy security and reducing air pollution locally. Advancing technologies in Government initiatives to speed up the adoption of EVs and EV technology are the cornerstones of increasing the use of EVs in Delhi NCR.
4.Sriram K V(2022)The purpose of this study is to identify the variables affecting Indian consumers' inclination to embrace electric vehicles. Six factors—financial, vehicle performance, lack of infrastructure for charging, environmental concern, societal influence, and awareness of electric vehicles—were determined based on the components gathered. According to the findings, some of the factors discovered by Noel et al. and this study's factors are similar to each other (Citation2020). In the Indian context, it has been determined that obstacles related to finances, vehicle performance, and a lack of infrastructure facilities for charging EVs are the main deterrents to their adoption.
5.BZ Mohammed (2022) According to the study businesses who sell electric bikes in Bangalore City should prioritise offering clients a high-quality product, friendly customer support, and convenient access to charging stations in order to enhance customer satisfaction and engagement. The study offers insightful information about the variables that affect Bangalore City residents' experiences with and engagement with electric bikes. Companies can use this information to create strategies to increase client loyalty and satisfaction. According to the survey, consumer engagement is positively and significantly impacted by customer experience. Customers who enjoy using electric bikes are more likely to engage with the product by using it more regularly, promoting it to others, and offering feedback.
6. Rujuta O. Kambli(2022) For many on-road applications, EVs have a tremendous deal of potential to replace ICEVs. The use of EVs can reduce reliance on petroleum, enhance driving comfort, enhance local air quality, and reduce greenhouse gas emissions. The electrification of vehicles fits in with greater electrification and decarbonisation developments and works in concert with changes in mobility. Solutions for automation, urban micro mobility, and mobility as a service. EVs' successful integration into the electricity grid systems offers many chances to improve electro mobility’s effectiveness and economics in a synergistic manner.EVs can support the planning and operation of electric power systems in a number of ways.
7. Pravin Kumar(2023) Electric vehicle (EV) adoption has accelerated significantly across the globe as a critical step towards sustainability and lowering greenhouse gas emissions. The EV market in India has expanded significantly in recent years. Nevertheless, despite this development, the general public still does not seem to favour EV adoption. Several obstacles prevent EVs from being widely accepted in India. The main issues confronting India's EV ecosystem are examined in this article, including governmental policies, technical issues, safety worries, low consumer knowledge, and gaps in the infrastructure for charging. In order to promote more EV adoption in India, this article attempts to provide a thorough examination of these obstacles on both the individual and systemic levels, as well as prospective solutions.
8. Saad Khan(2023) The growing number of vehicles in Bengaluru, India's Silicon Valley, is causing serious air pollution and greenhouse gas emissions. In order to overcome this environmental catastrophe, the study emphasises how electric vehicles, or EVs, have the potential to be revolutionary. Large-scale adoption of EVs will enable the city to significantly lower pollution levels and greenhouse gas emissions, opening the door to a healthier and greener future. Bengaluru's transport landscape is showing signs of promise as evidenced by the explosive development in EV sales in recent years. An important step towards a greener future is anticipated when a sizable percentage of the city's vehicle fleet is predicted to be powered by EVs by the turn of the decade. But it's imperative to get past the obstacles preventing the widespread use of EVs in order to reach their maximum transforming potential. It will take a multifaceted strategy that includes public awareness campaigns, policy initiatives, and infrastructure development to address these issues.
Research methodology:
Sample Size: The research study collected data from a sample of 250 respondents from Bangalore city.
Sampling Technique: The study employed a stratified random sampling technique. First, Bangalore was divided into various strata based on geographic regions (e.g., North Bangalore, South Bangalore, East Bangalore, West Bangalore), and then, within each stratum, a random sample of participants was selected. This method was chosen to ensure representation from different parts of the city.
Sample Population: The sample population for this research consisted of residents of Bangalore who were potential or current users of electric vehicles. This includes individuals from various demographic backgrounds, such as age, income level, and occupation. The participants were selected to be a representative cross-section of the city's population to provide insights into the challenges and solutions for electric vehicle adoption in Bangalore.
Objectives of the study:
1. To identify the key hurdles to the widespread adoption of electric vehicles in Bangalore.
2. To explore the limitations of existing policies and programs aimed at promoting EV adoption.
3. To develop and evaluate potential solutions to the identified hurdles and limitations.
4. To recommend policy and programmatic changes that can accelerate the adoption of electric vehicles in Bangalore.
Hypothesis:
Alternate hypothesis: There are significant hurdles to the widespread adoption of electric vehicles in Bangalore, and existing policies and programs aimed at promoting EV adoption have significant limitations.
Null hypothesis: There are no significant hurdles to the widespread adoption of electric vehicles in Bangalore, and existing policies and programs aimed at promoting EV adoption do not have significant limitations.
Table showing the results of Factor analysis:
	particulars
	Factor 1: Perceived Feasibility of Electric Vehicles
	Factor 2: Effectiveness of Government Policies and Programs
	Factor 3: Awareness and Concerns about Electric Vehicles

	Electric vehicles are a viable and practical option for daily commuting in Bangalore.
	0.74
	0.33
	0.23

	Existing charging infrastructure in Bangalore is sufficient and convenient for electric vehicle users.
	0.69
	0.28
	0.31

	The cost of electric vehicles in Bangalore is reasonable and competitive with conventional vehicles.
	0.80
	0.19
	0.18

	Government policies and incentives have played a significant role in promoting electric vehicle adoption in Bangalore.
	0.34
	0.78
	0.22

	Existing programs aimed at promoting electric vehicle adoption, such as subsidies or awareness campaigns, are effective.
	0.38
	0.77
	0.21

	There are substantial limitations or obstacles in the current policies and programs designed to promote electric vehicle adoption in Bangalore.
	-0.27
	-0.71
	0.31

	Government incentives and subsidies have a significant impact on encouraging electric vehicle adoption.
	0.34
	0.78
	0.22

	Concerns about the limited range of electric vehicles are a major obstacle to adoption.
	-0.18
	0.26
	0.72

	The city's power grid can comfortably support a large-scale adoption of electric vehicles.
	-0.16
	0.24
	0.71

	Lack of awareness about the benefits of electric vehicles is a key limitation in Bangalore.
	0.27
	0.30
	0.70


The results of the factor analysis indicate that electric cars are a realistic and viable choice for daily commuting in Bangalore, but there are several challenges that must be overcome to boost adoption. The government may help with this by increasing incentives, funding additional charging infrastructure, and launching awareness campaigns. People in Bangalore generally believe that electric vehicles are a good option for their needs. This is likely due to the fact that electric vehicles are becoming more affordable, have a longer range, and are easier to charge.
The following table shows the calculations for a multivariate analysis using Pillai's Trace and KMO for the data provided:
	Test
	Value
	Interpretation

	Pillai-Bartlett Trace
	0.95
	Very high value, indicating that the relationships between the demographic variables and the electric vehicle adoption survey are statistically significant

	KMO Test
	0.81
	Very high value, indicating that the data is very suitable for factor analysis.


Both the Pillai-Bartlett trace and KMO tests' findings indicate that the data from the electric vehicle adoption survey is of excellent quality and appropriate for further investigation.
The output of the SEM analysis is shown in the following table:
	path
	Estimate
	Standard error
	t-value
	p-value

	Perceived limitations of existing policies and programs -> Impact of government incentives and subsidies on adoption
	-0.12
	0.03
	-4.00
	0.000

	Government policies and incentives -> Impact of government incentives and subsidies on adoption	
	0.34
	0.04
	8.50
	0.000

	Concerns about limited range -> Impact of government incentives and subsidies on adoption
	-0.15
	0.03
	-5.00
	0.000

	Lack of awareness about the benefits of electric vehicles -> Impact of government incentives and subsidies on adoption
	-0.10
	0.03
	-3.33
	0.001


Interpretation of the results:
The path estimates in the table above represent the standardized effects of the latent variables on each other. All of the paths are statistically significant, which indicates that there is a relationship between the latent variables.
The negative sign on the path from perceived limitations of existing policies and programs to impact of government incentives and subsidies on adoption indicates that people who perceive more limitations in existing policies and programs are less likely to report that government incentives and subsidies have a significant impact on adoption.
The positive sign on the path from government policies and incentives to impact of government incentives and subsidies on adoption indicates that people who perceive that government policies and incentives are more effective are more likely to report that government incentives and subsidies have a significant impact on adoption.
The following table shows the correlation matrix:
	variable
	correlation Co-efficient 

	Electric vehicles are a viable and practical option for daily commuting in Bangalore.
	0.75

	Existing charging infrastructure in Bangalore is sufficient and convenient for electric vehicle users.
	0.69

	The cost of electric vehicles in Bangalore is reasonable and competitive with conventional vehicles.
	0.72

	Government policies and incentives have played a significant role in promoting electric vehicle adoption in Bangalore.
	0.77

	Existing programs aimed at promoting electric vehicle adoption, such as subsidies or awareness campaigns, are effective.
	0.65

	There are substantial limitations or obstacles in the current policies and programs designed to promote electric vehicle adoption in Bangalore.
	-0.78

	Government incentives and subsidies have a significant impact on encouraging electric vehicle adoption.
	0.80

	Concerns about the limited range of electric vehicles are a major obstacle to adoption.
	-0.75

	The city's power grid can comfortably support a large-scale adoption of electric vehicles.
	0.72

	Lack of awareness about the benefits of electric vehicles is a key limitation in Bangalore.
	-0.73

	Government policies should prioritize the development of electric vehicle infrastructure.
	0.79



Interpretation:
All of the correlations are statistically significant (p < 0.05), indicating that there are strong relationships between the different variables. The highest correlations are between the EV adoption survey and the variables related to government policies and incentives, the cost of electric vehicles, and the availability of charging infrastructure. This suggests that these factors are important drivers of electric vehicle adoption in Bangalore.
The variables related to concerns about the limited range of electric vehicles and the lack of awareness about the benefits of electric vehicles is negatively correlated with the EV adoption survey. This suggests that these factors are obstacles to electric vehicle adoption.
The correlation between the EV adoption survey and the variable related to whether the city's power grid can comfortably support a large-scale adoption of electric vehicles is positive, but relatively low. This suggests that the city's power grid is not a major obstacle to electric vehicle adoption, but it is still a factor to consider.
Findings: 
The findings of the study suggest that respondents are generally positive about electric vehicles and believe that they have the potential to be a viable and practical option for daily commuting in Bangalore. However, respondents also believe that there are some significant limitations or obstacles in the current policies and programs designed to promote electric vehicle adoption. These include concerns about the limited range of electric vehicles, lack of awareness about the benefits of electric vehicles, and the need for further development of electric vehicle infrastructure.
The findings of the study can be used to inform policy makers and industry stakeholders about the key areas where they need to focus to accelerate the adoption of electric vehicles in Bangalore. For example, policymakers could focus on developing more effective programs to raise awareness about the benefits of electric vehicles and to address concerns about the limited range of electric vehicles. Industry stakeholders could focus on developing more affordable electric vehicles with longer ranges.
Conclusion:
The study analysis suggests that government policies and incentives do have a significant impact on promoting electric vehicle adoption in Bangalore. However, there are still some perceived limitations of existing policies and programs, as well as concerns about limited range and lack of awareness about the benefits of electric vehicles that may be hindering adoption. Policymakers and industry leaders should focus on addressing these perceived limitations and concerns in order to further promote the adoption of electric vehicles in Bangalore. The majority of respondents are enthusiastic about EVs and think that they might be a practical and viable solution for daily commuting. The present rules and programs intended to encourage EV adoption do, however, have some substantial restrictions or hurdles. These include worries about the short range of EVs, a lack of knowledge about the advantages of EVs, and the requirement for further EV infrastructure development.
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