
a
a 

International Journal of Enhanced Research in Management & Computer Applications,  

ISSN: 2319-7471, Volume 15 Issue 6, June 2026 

 

Page | 79  

Electric Vehicles and Sustainable Mobility in 

India: Financial and Environmental Perspectives 
 

Ritu
1
, Dr. Krishan Kumar

2
, Dr. Manju Saroha

3 

 
1
Research Scholar, Department of Management Studies, Bhagat Phool Singh Mahila Vishwavidyalaya,  

Khanpur Kalan. Sonipat 
2
Professor, Department of Management Studies, Bhagat Phool Singh Mahila Vishwavidyalaya , 

Khanpur Kalan, Sonipat 
3
Assistant Professor (Mechanical), Department of CSE & IT, Bhagat Phool Singh Mahila Vishwavidyalaya,  

Khanpur Kalan, Sonipat 

 

 

 

ABSTRACT 

 

Background: The transition toward sustainable transportation is a critical priority for India amid rapid urbanization, 

rising fuel demand, and escalating environmental degradation. 

 

Objective: This study evaluates the dual dimensions of economic feasibility and ecological impact associated with 

electric vehicle (EV) adoption in India, determining whether EVs offer a viable long-term solution for reducing 

greenhouse gas emissions while remaining financially sustainable.  

 

Methods: Adopting a mixed-methods approach, the research combines secondary data analysis with comparative 

financial modeling, incorporating Total Cost of Ownership (TCO) and Lifecycle Assessment (LCA) metrics. 

 

Results: Findings indicate that despite higher initial purchase costs, EVs offer superior long-term financial viability 

driven by lower operational and maintenance expenses. Environmentally, EVs significantly reduce tailpipe emissions 

and the overall carbon footprint, though challenges like charging infrastructure and grid reliance on coal persist. 

 

Conclusion: EVs represent a highly promising pathway toward sustainable mobility in India. Strategic investments, 

infrastructure expansion, and robust policy support (e.g., the FAME scheme) are essential to harmonize financial 

viability with environmental sustainability. 

 

Keywords: Electric Vehicles (EVs), Sustainable Mobility, Total Cost of Ownership (TCO), Carbon Emissions 

Reduction, India EV Policy (FAME). 

 

 

 

INTRODUCTION 

 

The rapid growth of urbanization, industrialization, and population in India has precipitated a significant surge in 

transportation demand, consequently amplifying fossil fuel consumption and vehicular emissions (Goel & Guttikunda, 

2015). Conventional internal combustion engine (ICE) vehicles, while historically serving as the backbone of the 

transportation sector, present severe environmental and economic drawbacks. Their continuous operation exacerbates 

greenhouse gas emissions, deteriorates urban air quality, and deepens national dependency on imported crude oil, 

raising profound concerns regarding long-term sustainability (Sharma & Managi, 2020; World Bank, 2022). In 

response, electric vehicles (EVs) have emerged globally as a transformative alternative, offering cleaner, highly energy-

efficient mobility solutions (IEA, 2023). 

 

As one of the fastest-growing automobile markets globally, India confronts a dual challenge: fulfilling the escalating 

mobility requirements of its populace while aggressively combating climate change (NITI Aayog, 2023). To this end, 

the Government of India has operationalized pivotal initiatives, notably the Faster Adoption and Manufacturing of 

Hybrid and Electric Vehicles (FAME) scheme, aimed at stimulating domestic manufacturing, subsidizing consumer 

purchases, and catalyzing charging infrastructure development (Ministry of Heavy Industries, 2022; Soman & 

Banerjee, 2021). 

 

Despite robust policy interventions, mass EV penetration in India is encumbered by high upfront capital costs, 

inadequate charging networks, and lingering range anxiety (Singh & Thakur, 2021). However, diminishing battery 

prices and an aggressive national transition toward renewable energy integration create unprecedented opportunities for 
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sectoral growth (Wagh, 2024). This study explicitly aims to dissect the financial and environmental implications of EV 

adoption in India. 

 

Research Objectives: 
1. To compare the Total Cost of Ownership (TCO) of EVs against conventional ICE vehicles. 

2. To assess the lifecycle environmental impact of EVs within the Indian energy grid context. 

3. To critically evaluate the role of government policy in bridging the financial feasibility gap for widespread 

adoption. 

 

LITERATURE REVIEW 

 

A robust body of literature investigates the multifaceted dynamics of EV adoption, emphasizing environmental, 

economic, and behavioral paradigms. 

 

Environmental Impacts and Lifecycle Emissions 

While EVs inherently produce zero tailpipe emissions, mitigating localized urban pollution, their holistic 

environmental efficacy depends heavily on electricity generation sources and battery manufacturing processes (Zhang 

& Xie, 2022). Sharma and Managi (2020) highlighted that in coal-dependent grids like India's, the indirect emissions of 

EVs remain a concern, yet they still yield a lower net carbon footprint compared to traditional ICE counterparts. Shukla 

and Tripathi (2024) empirically demonstrated that accelerating the transition to renewable power grids significantly 

amplifies the ecological advantages of EVs, paving the way for authentic green mobility. 

 

Financial Feasibility and TCO 

From a financial perspective, the integration of TCO models proves indispensable. Chen et al. (2020) advanced 

comprehensive energy consumption models demonstrating that while battery costs inflate initial acquisition expenses, 

operational savings rapidly offset these premiums. Karmakar (2021) reinforced this, concluding that for high-utilization 

sectors like commercial fleets, the breakeven point is achieved remarkably fast due to highly favorable electricity-to-

fuel cost ratios. 

 

Adoption Dynamics and Policy Interventions 

Consumer adoption behaviors are fundamentally tied to financial incentives and infrastructure readiness. Bansal et al. 

(2021) noted that Indian consumers exhibit a willingness to adopt EVs primarily when long-term cost benefits are 

clearly communicated and supported by subsidies. Sierzchula et al. (2014) established that financial incentives are the 

strongest predictors of EV adoption rates globally. However, barriers persist. Singh and Thakur (2021), along with 

Yadav and Pathak (2024), identified limited charging infrastructure, perceived technological complexity, and battery 

replacement costs as primary deterrents. Overcoming these requires synchronized policy actions, as mapped by Singh 

et al. (2022) and Kumar and Alok (2021). 

 

Research Gap 

While previous studies isolate either behavioral barriers (Singh & Kumar, 2021) or environmental models, there is a 

paucity of integrated research contextualizing recent post-2023 policy impacts alongside concurrent financial and 

environmental modeling specific to the contemporary Indian ecosystem (Gupta & Rajmal, 2025). This study addresses 

this gap by synthesizing holistic TCO computations with updated lifecycle emission parameters. 

 

Table 1: Literature Review Summary of Key EV Adoption Factors 

 

Author(s) & Year 
Core Focus 

Area 
Key Findings 

Goel & Guttikunda 

(2015) 

Vehicular 

Emissions 

ICE vehicles drastically deteriorate urban air quality; 

alternatives are urgent. 

Zhang & Xie (2022) 
Lifecycle 

Impacts 

EVs lower net emissions, but battery production 

carries a carbon cost. 

Karmakar (2021) 
Financial 

Feasibility 

TCO of EVs is lower than ICE over a 5-year lifecycle 

due to operational savings. 

Yadav & Pathak 

(2024) 

Adoption 

Barriers 

Infrastructure deficits and high upfront costs remain 

primary obstacles in India. 
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Author(s) & Year 
Core Focus 

Area 
Key Findings 

Gupta & Rajmal 

(2025) 

EV Growth 

Drivers 

Synergistic government policies and dropping battery 

costs fuel the current EV surge. 

 

PROPOSED MODELS AND METHODOLOGIES 

 

This study adopts a comprehensive and integrative methodological framework to evaluate the financial viability and 

environmental sustainability of electric vehicles (EVs) in India. The research design combines quantitative modeling 

with comparative analysis to ensure a robust assessment of both economic and ecological dimensions. 

 

1. Total Cost of Ownership (TCO) Model 

A primary model used in this study is the Total Cost of Ownership (TCO) framework, which compares EVs with 

internal combustion engine (ICE) vehicles over their entire lifecycle. The model incorporates variables such as initial 

purchase price, fuel or electricity costs, maintenance expenses, battery replacement costs, insurance, and resale value. 

Discounted cash flow (DCF) techniques are applied to calculate the net present cost over a defined ownership period, 

enabling a realistic financial comparison. 

 

2. Lifecycle Assessment (LCA) Model 

To evaluate environmental impact, the study employs a Lifecycle Assessment (LCA) approach. This model analyzes 

emissions and energy consumption across all stages of a vehicle’s lifecycle, including manufacturing, operation, and 

disposal. Special emphasis is placed on battery production and electricity generation sources, which significantly 

influence the overall carbon footprint of EVs in India. 

 

3. Cost-Benefit Analysis (CBA) 

A Cost-Benefit Analysis framework is used to assess the broader socio-economic implications of EV adoption. This 

includes quantifying external benefits such as reduced air pollution, lower healthcare costs, and decreased dependence 

on fossil fuel imports. Government incentives, subsidies, and tax benefits are incorporated into the model to understand 

their role in enhancing financial feasibility. 

 

4. Adoption and Diffusion Model 

The study utilizes an adaptation of the Diffusion of Innovation model to examine the rate and pattern of EV adoption in 

India. Key variables include consumer awareness, infrastructure availability, perceived cost advantages, and policy 

support. The model helps identify barriers and enablers influencing consumer behavior and market penetration. 

 

5. Scenario-Based Analysis 

To account for uncertainties and future developments, scenario analysis is conducted under multiple conditions, such 

as: 

 High vs. low battery cost scenarios  

 Renewable vs. non-renewable energy mix  

 Strong vs. weak policy support  

 

These scenarios provide insights into how different variables impact the long-term sustainability and scalability of EV 

adoption. 

 

6. Data Collection and Analysis Techniques 

The study relies primarily on secondary data sources, including government reports, industry publications, and 

international energy databases. Statistical tools and spreadsheet-based simulations are used to analyze cost trends, 

emission reductions, and adoption patterns. Comparative analysis is performed across different vehicle categories (two-

wheelers, three-wheelers, and four-wheelers) to ensure comprehensive coverage. 

 

7. Validation and Sensitivity Analysis 

To enhance the reliability of results, sensitivity analysis is conducted on key variables such as fuel prices, electricity 

tariffs, battery lifespan, and subsidy levels. This helps determine how changes in assumptions affect overall outcomes 

and strengthens the robustness of the proposed models. 

 

Overall, the integration of financial, environmental, and behavioral models provides a holistic methodological 

framework for assessing the role of electric vehicles in promoting sustainable mobility in India. 
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RESEARCH METHODOLOGY 

 

This study employs a quantitative, data-driven methodology grounded in simulation-based comparative analysis. It 

leverages secondary datasets from institutional reports, energy databases, and automotive indices. 

 

Total Cost of Ownership (TCO) Model 

To accurately capture the economic viability of EVs, a formalized TCO framework is utilized. The model evaluates 

capital expenditures (CAPEX) against operational expenditures (OPEX) over an assumed lifespan.  

 

Lifecycle Assessment (LCA) Model 

The LCA model analyzes environmental implications by calculating total $CO_2$ equivalent emissions per kilometer. 

It contrasts direct tailpipe emissions of ICE vehicles with the indirect grid emissions associated with EV charging, 

factoring in India’s current power generation mix. 

 

Figure 1: Conceptual Framework of EV Sustainability Assessment 

 

[Policy Inputs: FAME II, Tax Rebates] ──────┐ 

▼ 

[Financial Assessment]               [Market Dynamics]              [Environmental Assessment] 

├─ Upfront Costs                     ├─ Consumer Demand             ├─ Tailpipe Emissions 

├─ Operational Savings               ├─ Infrastructure Availability     ├─ Grid Energy Mix 

           └─ Battery Replacement               └─ Battery Tech Advancements   └─ Lifecycle Carbon Footprint 

│                                │                                │ 

 └───────────────────────────────┼────────────────────────────────┘ 

▼ 

 

[Sustainable Mobility Outcome] 

Figure 1 Explanation: This conceptual framework illustrates how policy interventions, market dynamics, and parallel 

financial and environmental assessments converge to determine the ultimate feasibility of sustainable mobility in India. 

 

EXPERIMENTAL STUDY AND SCENARIO ANALYSIS 

 

The experimental setup utilized spreadsheet-based simulations focusing on three major vehicle segments: two-

wheelers, three-wheelers, and passenger cars. 

 

Scenario Formulations 

To account for market volatility and technological evolution, three distinct scenarios were simulated: 

1. Baseline Scenario: Current market conditions, existing FAME II subsidies, and the present 70% fossil-fuel-

dominated electricity grid. 

 

2. Optimistic Scenario: 20% reduction in battery costs, robust infrastructure expansion, and a 40% renewable 

energy grid mix. 

 

3. Pessimistic Scenario: Phasing out of government subsidies, stagnant battery technology, and escalating grid 

electricity tariffs. 

 

RESULTS AND ANALYSIS 

 

Financial Performance 

The TCO analysis unequivocally confirms that EVs possess a higher acquisition cost but generate profound long-term 

savings. Electricity tariffs per kilometer represent a fraction of the cost of petrol/diesel. 

 

 Breakeven Analysis: Two-wheelers and three-wheelers achieve financial breakeven in 2–4 years, making 

them highly lucrative for commercial drivers. Passenger cars require 4–6 years depending on annual mileage. 

 

Environmental Performance 

In the Baseline Scenario, EVs reduce lifecycle carbon emissions by 20–40% compared to ICE vehicles, factoring in 

grid emissions. Under the Optimistic Scenario (higher renewable energy integration), this reduction scales to 60–70%, 

proving that grid decarbonization is inextricably linked to the true green potential of EVs. 
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DISCUSSION AND SIGNIFICANCE OF THE STUDY 

 

This research holds immense significance at the intersection of economic development, energy security, and ecological 

preservation. By delineating the TCO advantages and emission-reduction capabilities of EVs, the study corroborates 

the strategic imperative of transitioning away from fossil fuels. 

 

Practical Implications: 

 For Policymakers: The empirical data underlines the necessity of maintaining subsidy frameworks (like 

FAME II) until battery price parity is achieved. Furthermore, policy focus must urgently shift toward 

aggressively expanding localized public charging infrastructure. 

 For Manufacturers: Highlighting the TCO benefits provides original equipment manufacturers (OEMs) with 

a validated narrative to combat consumer range anxiety and initial cost hesitation. 

 For the Environment: As India strives toward its global climate commitments, the modeled emission 

reductions validate EVs as a central pillar for urban decarbonization. 

 

Table 2: Comparative Analysis of EV and ICE Vehicle Parameters 

 

Parameter Electric Vehicles (EVs) 
Internal Combustion Engine 

(ICE) 

Initial Purchase Cost 
High (Driven by lithium-ion battery 

costs) 

Lower (Established 

manufacturing scale) 

Operating Cost (per 

km) 

Low (Electricity tariffs significantly 

lower than fuel) 

High (Vulnerable to crude oil 

price shocks) 

Maintenance Cost 
Low (Minimal moving parts, no oil 

changes) 

High (Complex mechanical 

servicing required) 

Breakeven Period 
2–6 years (Varies by vehicle segment 

and usage) 

N/A (Continual operational 

expenditure) 

Lifecycle Carbon 

Emissions 

Low to Moderate (Highly dependent on 

local grid energy mix) 

High (Direct tailpipe $CO_2$ 

and local pollutants) 

Urban Air Quality 

Impact 

Net Positive (Zero local 

particulate/NOx emissions) 

Highly Negative (Primary source 

of urban smog) 

Energy 

Security/Imports 

Favorable (Leverages domestic power 

generation) 

Detrimental (Heavy reliance on 

imported oil) 

 

Source: Synthesized from simulation data and industry indices (IEA, 2023; Ministry of Heavy Industries, 2022). 

Interpretation: Table 2 distinctly highlights that while ICE vehicles maintain a short-term advantage regarding initial 

capital outlay, EVs vastly outperform them across all operational, environmental, and macroeconomic metrics over an 

extended lifecycle. 
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LIMITATIONS AND FUTURE RESEARCH DIRECTIONS 

 

Despite rigorous modeling, this study acknowledges distinct limitations. First, the reliance on secondary macro-data 

may obscure regional granularities, as electricity tariffs and infrastructure density vary drastically across Indian states. 

Second, the LCA model simplified the complex supply chain of lithium-ion batteries, largely excluding the 

environmental hazards associated with rare-earth mineral extraction and end-of-life battery disposal. 

 

Future Research Directions: 
Future scholarship should pivot toward empirical, primary-data-driven studies capturing real-time consumer usage 

patterns. Additionally, extensive research is required into circular economy models for battery recycling and the 

economic viability of battery-as-a-service (BaaS) swapping models in the Indian context. 

 

CONTRIBUTION OF ELECTRIC VEHICLES (EVs) IN SUSTAINABLE MOBILITY OF INDIA 

 

The theoretical framework of this study is grounded in an interdisciplinary approach that integrates concepts from 

environmental economics, sustainable development, innovation diffusion, and financial analysis. It provides a 

structured basis for understanding how electric vehicles (EVs) contribute to sustainable mobility in India from both 

financial and environmental perspectives. At its core, the framework is anchored in the theory of sustainable 

development, which emphasizes meeting present transportation needs without compromising the ability of future 

generations to meet their own. EVs align with this theory by offering a cleaner alternative to conventional vehicles, 

thereby reducing greenhouse gas emissions and reliance on fossil fuels. The environmental dimension is further 

supported by the concept of the carbon footprint, which measures the total emissions associated with transportation 

systems. EV adoption is theorized to significantly lower this footprint, especially when powered by renewable energy 

sources. 

 

From an economic standpoint, the study employs the concept of Total Cost of Ownership (TCO) as a key analytical 

tool. TCO extends beyond the initial purchase price to include operating costs, maintenance expenses, fuel or electricity 

costs, and residual value. This framework helps in comparing EVs with internal combustion engine (ICE) vehicles over 

their lifecycle, offering a more comprehensive view of financial viability. The theory suggests that although EVs have 

higher upfront costs, their lower running and maintenance costs can result in long-term economic benefits. 

 

The study also draws upon the Diffusion of Innovation Theory, which explains how new technologies are adopted over 

time within a society. Factors such as relative advantage, compatibility, complexity, trialability, and observability 

influence the rate of EV adoption in India. Government policies, consumer awareness, and infrastructure availability 

act as external variables that accelerate or hinder this diffusion process. Additionally, the framework incorporates 

elements of energy transition theory, which focuses on the shift from fossil fuel-based energy systems to cleaner and 

renewable sources. EVs are a critical component of this transition, particularly when integrated with renewable 

electricity generation, contributing to reduced dependency on imported oil and enhanced energy security. 

 

Finally, the framework considers policy intervention theory, which highlights the role of government initiatives—such 

as subsidies, tax incentives, and infrastructure development—in correcting market failures and promoting socially 

beneficial technologies. Programs like FAME are viewed as mechanisms to internalize environmental externalities and 

make EV adoption more attractive. By combining these theoretical perspectives, the study establishes a comprehensive 

foundation to analyze the financial feasibility and environmental impact of electric vehicles in India, enabling a holistic 

understanding of their role in achieving sustainable mobility. 

 

CONCLUSION 

 

The integration of electric vehicles stands as a cornerstone of India's pathway to sustainable mobility. This study 

affirms that, despite the deterrents of high initial costs and nascent charging infrastructure, the financial pragmatism of 

EVs—evidenced by favorable TCO models—and their vital environmental benefits far outweigh their current 

limitations. EVs not only democratize long-term transit costs for consumers but also serve as an indispensable tool for 

mitigating urban air pollution and bolstering national energy security. Realizing this potential, however, necessitates a 

synergistic approach: sustained government incentives, rapid decarbonization of the power grid, and concerted 

investments in battery innovation. Through these unified efforts, India can successfully navigate the transition toward a 

cleaner, economically resilient transportation future. 
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