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ABSTRACT

The widespread adoption and scalability of electric vehicle (EV) infrastructure depend critically on the design
of charging networks that are accessible, efficient, and integrated within broader urban planning and energy
management frameworks. This study underscores the necessity of aligning EV infrastructure development
with smart city initiatives, environmental objectives, and equitable mobility strategies. Integration with smart
grids enables real-time energy optimization, facilitates renewable energy use, and minimizes peak demand
impacts. Key design principles include user-centric planning, multimodal transport integration, and inclusive
access for marginalized communities. Public-private partnerships and data-driven decision-making play
pivotal roles in fostering innovation and adaptability. Additionally, the adoption of advanced technologies
such as predictive analytics, energy storage systems, and smart load management ensures long-term flexibility
and resilience. A holistic and collaborative infrastructure development model is essential for driving a global
transition toward sustainable electric mobility.
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1. INTRODUCTION

The widespread adoption of electric vehicles (EVs) largely depends on a crucial element: the provision
of easily accessible and efficient charging infrastructure. Without this, the transition to EVs could face
significant barriers, hinder their full potential and slow down the shift toward sustainable transportation.
A well-designed and accessible EV charging network is not just a matter of convenience for users; it is
essential for enabling the mass transition to electric mobility. Simultaneously, the integration of these
charging networks with urban planning and energy management systems is key to ensuring their
sustainability and efficiency. This involves balancing the demand for charging infrastructure with the
need for an optimized and resilient energy grid while addressing urban space constraints. As cities evolve
into smart, sustainable hubs, the design and deployment of charging networks become an integral part of
the urban fabric, impacting everything from traffic flow to energy consumption patterns. Urban planning
and energy management systems must work hand-in-hand to accommodate the growing need for EV
charging stations. Cities are rapidly evolving, and urban spaces are increasingly defined by their smart
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infrastructure, data-driven systems, and sustainability goals. The challenge lies in not only ensuring that
the charging infrastructure is accessible, convenient, and widespread but also in creating a system that
aligns with broader urban development strategies. Urban planners must consider the strategic placement
of charging stations in high-demand locations while ensuring the system is scalable and adaptable to future
needs. The goal is to create a network of charging stations that is as seamlessly integrated into the urban
environment as gas stations are today, providing drivers with reliable, easy access without disrupting the
flow of city life.

Simultaneously, energy management plays a pivotal role in designing accessible EV charging networks.
The rapid adoption of EVs can significantly impact energy grids, especially during peak charging hours.
Smart grids allow for the dynamic management of electricity, facilitating efficient load distribution and
reducing the risk of blackouts or overloading the system. Furthermore, integrating renewable energy
sources like solar and wind power into electric vehicle (EV) charging infrastructure offers an
environmentally friendly and sustainable method of powering EVs. This can be accomplished by setting
up solar-powered charging stations, incorporating energy storage solutions, or establishing microgrids in
certain locations. By aligning the charging network with the broader energy grid, cities can enhance
energy efficiency, cut down on greenhouse gas emissions, and reduce the financial burden of charging
operations. Energy management systems also enable pricing models that encourage off-peak charging,
further helping to balance demand and reduce the strain on urban power supplies. Another critical aspect
of designing accessible charging networks is ensuring inclusivity. As cities grow more diverse and
equitable access to services becomes a priority, it is essential that EV charging infrastructure is accessible
to all segments of the population, including underserved communities. Charging stations must be
strategically located in both high-income and low-income areas to prevent the creation of disparities in
access to electric vehicle support. This includes ensuring that EV charging stations are not concentrated
solely in affluent neighbourhoods or business districts, but also serve residential areas, public spaces, and
transportation hubs that cater to diverse populations. This requires careful consideration of station
placement, accessibility of charging points, and ease of use for all demographic groups. Public-private
partnerships, government incentives, and social policies are all important mechanisms for facilitating the
development of an inclusive, accessible, and equitable EV charging infrastructure.

2. RESEARCH METHODOLOGY

Introduction: This paper details the comprehensive research methodology adopted for analyzing,
planning, and optimizing electric vehicle (EV) charging infrastructure in selected urban zones. The
methodology integrates both quantitative and qualitative research approaches, supported by geospatial
analysis, simulation modelling, and stakeholder engagement, to ensure an evidence-based and scalable
infrastructure development strategy.

Research Design: The research adopts a mixed-methods design. It combines observational analysis of
existing infrastructure with simulation-based forecasting and stakeholder-driven feedback mechanisms to
guide decision-making.

o Type of Study: Applied, Exploratory, and Evaluative

o Approach: Mixed-method (Quantitative + Qualitative)

o Time Frame: Cross-sectional with longitudinal simulation-based components

e Scope: Urban centers, Suburban zones, Residential sectors, and Academic clusters
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Data Collection Techniques
Primary Data Sources

e Surveys and Questionnaires administered to EV users, local residents, and fleet operators.

o Stakeholder Interviews with city planners, utility companies, environmental agencies, and
technology vendors.

« Field Observations of existing charging infrastructure and user behaviour at selected sites.

Secondary Data Sources

« Urban mobility datasets from local municipalities and traffic departments.

« Demographic and spatial data from Census records and GIS repositories.

o Energy infrastructure reports from power utilities and regulatory bodies.

o Government policy documents on EV infrastructure and renewable energy integration.

Variables and Indicators

The Study Focuses on Six Primary Indicators

Variable Type Unit Description
Population Density | Quantitative People/km? Indicator of urban density and service need
Average Daily EV | Quantitative | Number of Trips Reflects demand intensity for EV
Trips infrastructure
Existing Energy Quantitative MW Current power supply available for EV use
Infrastructure
Proposed Chargers | Quantitative Units Number of chargers planned in the region
Estimated Peak Load | Quantitative Kw Maximum power demand anticipated
Renewable Integration | Quantitative | Percentage (%) Proportion of clean energy in the grid

The table presents a set of key quantitative variables essential for designing and evaluating accessible
electric vehicle (EV) charging networks in the context of urban planning and energy management.
Population Density (People/km?) serves as a critical indicator of urbanization and helps prioritize charger
deployment in high-density areas with greater service needs. Average Daily EV Trips (Number of Trips)
reflects the actual demand for EV infrastructure, guiding decisions on charger quantity and location.
Existing Energy Infrastructure (MW) represents the current electrical capacity available to support EV
charging without overwhelming the local grid. Proposed Chargers (Units) indicates the number of
planned charging stations, directly influencing access, convenience, and network adequacy. Estimated
Peak Load (kW) accounts for the maximum anticipated power demand, helping in grid load forecasting
and the design of smart energy distribution systems. Finally, Renewable Integration (Percentage)
quantifies the share of clean energy contributing to EV charging, emphasizing sustainability goals and
aligning with environmental policies. Together, these variables provide a robust framework for spatial
and energy-based optimization, ensuring efficient, equitable, and sustainable deployment of EV charging
infrastructure in both developed and emerging urban contexts.
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Tools and Software Used

e GIS Software (ArcGIS/QGIS): For spatial mapping and demand clustering
« Python and Excel: For data processing, statistical analysis, and visualization
e MATLAB or AnyLogic: For simulation and load optimization

e SPSS/R: For correlation analysis and multivariate statistical tests

Data Analysis Methods

e Descriptive Statistics: Means, medians, and standard deviations were calculated to understand
distribution patterns of key variables across locations.

e Comparative Analysis: Before-and-after optimization data were compared using bar charts,
performance tables, and summary graphs.

e Correlation Analysis: Pearson correlation matrices were used to evaluate the strength and
direction of relationships among variables.

Implementation Framework
The research was executed in three structured phases:
Phase I: Planning and Feasibility

« Mapping population and EV usage trends.
« Evaluating grid readiness and renewable potential.
« ldentifying high-priority zones through GIS and stakeholder consensus.

Phase II: Pilot Deployment

« Installing prototype charging stations in selected zones.
« Monitoring user behaviour, charging duration, and station utilization.
o Collecting real-time data using loT-enabled smart meters and user apps.

Phase I11: Optimization and Scaling

e Applying smart charging strategies and dynamic load balancing.
e Increasing renewable energy contribution and reducing fossil fuel dependency.
o Evaluating improvements in service accessibility, grid efficiency, and user satisfaction.

Validation and Verification
To ensure accuracy and reliability

« Triangulation was used by comparing primary data (surveys) with secondary sources (municipal
records).

o Expert reviews were sought from urban planning consultants and energy system engineers.

o A pilot study was conducted to pre-test the instruments and refine data collection procedures.

Limitations of the Methodology

e The study may not capture unregistered or informal EV activity.
o Seasonal or time-bound variations in EV use patterns are only partially accounted for.
« Grid capacity data in certain locations relied on estimated loads due to incomplete public datasets.
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Summary: This methodology provides a robust and scalable framework to evaluate the readiness and
effectiveness of EV charging infrastructure. By integrating spatial, technical, social, and environmental
data, it ensures a holistic approach to planning and optimization. The mixed-method design, grounded in
empirical data and real-world application, makes this study relevant for policymakers, energy providers,
and urban planners aiming to accelerate sustainable mobility solutions.

3. DATA ANALYSIS AND RESULT

We investigate into the comprehensive design and optimization of accessible charging networks to
support electric vehicles within the context of urban planning and energy management. This paper
presents a data-driven approach, starting with an analysis of raw input data collected from urban planning
studies and energy infrastructure assessments. The initial tables provide a clear snapshot of current
conditions ranging from population density and average daily EV trips to existing energy capacities and
renewable integration levels across key urban areas such as Karol Bagh, Janakpuri, Subhas Nagar, Patel
Nagar from Delhi Area.

The paper then outlines an implementation roadmap that details a phased approach: beginning with
planning and feasibility studies that emphasize data collection, stakeholder engagement, and geospatial
mapping; progressing to pilot projects where prototype deployments are monitored and refined through
real-time analytics and user feedback; and finally, moving into network expansion based on data-driven
insights and strategic scalability. Through comparing input and output data tables, readers will understand
how optimization measures such as smart charging, grid capacity enhancements, and increased renewable
integration led to tangible improvements in network performance and user experience. This paper thus
serves as a critical guide for urban planners and energy managers aiming to build resilient and sustainable
EV charging infrastructures.

Location Overview and EV Demand

Location Population Density (people /km?) Estimated Average Daily EV Trips
Karol Bagh 33,180 =~ 650
Janakpuri 24,838 ~ 480
Subhash Nagar 30,091 ~ 600
Patel Nagar 26,688 ~ 550

This table helps planners identify high-demand zones based on population density and the number of EV
trips.

The data reflects the correlation between population density and estimated average daily EV trips across
four urban localities, highlighting spatial demand patterns for electric vehicle (EV) charging
infrastructure. Karol Bagh, with the highest population density at 33,180 people/kmz?, also records the
highest estimated daily EV trips at approximately 650, indicating intense demand for accessible and high-
capacity charging solutions. Subhash Nagar, despite having slightly lower density (30,091 people/km?),
exhibits a comparable trip volume (=600), suggesting significant EV adoption and mobility activity. Patel
Nagar and Janakpuri, with densities of 26,688 and 24,838 people/km? respectively, observe moderate EV
trip counts (=550 and ~480), aligning with their lower urban compactness. These findings emphasize the
need for a demand-responsive planning strategy—oprioritizing high-density, high-mobility zones like
Karol Bagh and Subhash Nagar for early charger deployment, while also ensuring equitable infrastructure
access in moderately dense regions such as Janakpuri and Patel Nagar to support broader EV adoption.
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Existing Energy Infrastructure

Location Approx. Existing Grid-Supply Capacity (MW)* Renewable Integration (%)
Karol Bagh ~95 MW ~38 %
Janakpuri ~50 MW ~45 %
Subhash Nagar ~ 50 MW ~ 40 %
Patel Nagar ~90 MW ~35%

Understanding the current energy capacity and renewable energy integration levels is key for assessing
grid readiness.

The dataset illustrates the existing grid-supply capacity and the extent of renewable energy integration in
four urban localities, offering insights into the readiness and sustainability of EV charging infrastructure.
Karol Bagh and Patel Nagar have the highest grid-supply capacities at approximately 95 MW and 90 MW
respectively, indicating robust electrical infrastructure capable of supporting high-density EV charging
demand. This aligns with their higher population densities and EV mobility patterns, making them prime
candidates for early deployment of fast-charging stations. However, their renewable integration rates
remain relatively modest—around 38% for Karol Bagh and 35% for Patel Nagar—suggesting a greater
reliance on conventional energy sources. In contrast, Janakpuri and Subhash Nagar each have a lower grid
capacity of about 50 MW, which may pose constraints for large-scale EV charger installations unless
supplemented by smart load management or local renewable sources. Notably, Janakpuri leads in
renewable integration at approximately 45%, followed by Subhash Nagar at 40%, reflecting a stronger
alignment with clean energy goals. These figures highlight the need for location-specific strategies:
enhancing renewable penetration in high-capacity zones like Karol Bagh and Patel Nagar, while focusing
on distributed generation and energy-efficient charging in regions like Janakpuri and Subhash Nagar with
cleaner but limited supply.

Local Energy Footprint & Renewable Uptake (Delhi Neighbourhoods)

Location Approx. Existing Grid-Supply Capacity | Current/ Target Renewable Integration
(MW) (%)
Karol Bagh ~95 MW ~ 38 %
Janakpuri ~50 MW ~45 %
Subhash Nagar ~ 50 MW ~40 %
Patel Nagar ~ 90 MW ~35%

The data reveals the existing grid-supply capacity and current renewable energy integration across four
urban locations, highlighting variations in infrastructure strength and sustainability potential. Karol Bagh
and Patel Nagar exhibit significantly higher grid-supply capacities at approximately 95 MW and 90 MW
respectively, positioning them well for accommodating high EV charging loads. However, their
renewable integration remains comparatively lower—around 38% and 35%—indicating a heavier
dependence on conventional energy sources. On the other hand, Janakpuri and Subhash Nagar, with
modest grid capacities of about 50 MW each, demonstrate stronger progress toward clean energy
adoption, integrating approximately 45% and 40% renewables respectively. This suggests a more
sustainable but capacity-constrained foundation for EV infrastructure. These observations point to the
need for dual strategies: enhancing renewable energy shares in high-capacity areas like Karol Bagh and
Patel Nagar to improve sustainability, and upgrading grid capacity or deploying smart charging in
Janakpuri and Subhash Nagar to meet rising EV demand without straining existing energy systems.

IJESTI 5 (7) https://doi.org/10.31426/ijesti.2025.5.7.5517 86


http://www.ijesti.com/

Vol 5, Issue 7, July 2025 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

Locabtion Overview and EV Demand - Delhi Neighbourhoods
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Location Overview and EV Demand

The bar graph illustrates the relationship between population density and average daily electric vehicle
(EV) trips across four Delhi neighbourhoods: Karol Bagh, Janakpuri, Subhash Nagar, and Patel Nagar.
Karol Bagh stands out with the highest population density, exceeding 33,000 people/km?, and also records
the greatest EV trip activity, indicating strong infrastructure demand. Subhash Nagar follows closely in
both population density and EV usage, reinforcing the correlation between urban density and electric
mobility demand. Patel Nagar and Janakpuri exhibit relatively lower population densities—around 26,000
and 25,000 people/km? respectively—alongside modest EV trip volumes. This visual representation
clearly supports the premise that denser urban areas tend to have higher EV utilization, necessitating
strategic prioritization in charging infrastructure deployment. However, while the differences in EV trip
volume across locations are not as stark as population density, the trend remains consistent, underscoring
the need for a balanced approach that considers both current demand and potential future growth in EV
adoption.

Proposed Charging Infrastructure

Location Proposed Chargers (Qty.) Estimated Peak Load (kW)*
Karol Bagh 40 ~ 240 kW
Janakpuri 30 ~ 180 kW
Subhash Nagar 35 ~210 kW
Patel Nagar 32 ~ 190 kW

This table outlines the planned expansion in terms of chargers and the expected peak load, which is
critical for infrastructure planning.

The data presents the proposed number of EV chargers and the corresponding estimated peak load across
four Delhi neighbourhoods, offering insights into projected infrastructure demand and energy
requirements. Karol Bagh, aligned with its high population density and EV trip volume, leads with a
proposal for 40 chargers and an estimated peak load of approximately 240 kW, indicating substantial
charging demand and a need for robust grid support. Subhash Nagar follows with 35 proposed chargers
and a 210-kW peak load, reflecting its significant EV activity and urban density. Patel Nagar and
Janakpuri, with 32 and 30 chargers respectively, correspond to slightly lower demand projections, with
estimated peak loads of 190 kW and 180 kW. While the differences among these locations are moderate,
the pattern aligns with earlier indicators of EV usage and infrastructure readiness. These figures are
essential for energy planners and municipal authorities in determining transformer capacity, local
distribution upgrades, and smart grid requirements. They also highlight the importance of load balancing
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techniques and integration with renewable sources, especially in high-demand areas like Karol Bagh and
Subhash Nagar. Strategic infrastructure deployment based on these load forecasts will be critical to
ensuring efficient, uninterrupted EV charging services and minimizing stress on the urban grid.

Proposed Charging Infrastructure - Delhi Neighbourhoods
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Proposed Charging Infrastructure by Location

The bar graph illustrates the proposed number of EV chargers and corresponding estimated peak electrical
load across four Delhi neighborhoods—Karol Bagh, Janakpuri, Subhash Nagar, and Patel Nagar. Karol
Bagh leads in infrastructure planning with 40 proposed chargers and the highest estimated peak load of
approximately 240 kW, aligning with its dense population and high EV activity. Subhash Nagar follows
closely with 35 chargers and a 210 kW peak load, suggesting similarly high charging demand. Patel Nagar
and Janakpuri, with 32 and 30 chargers respectively, exhibit slightly lower peak loads at around 190 kW
and 180 kW. The trend shows a direct relationship between the number of proposed chargers and
anticipated energy demand, reinforcing the need for location-specific energy planning. Higher-demand
areas like Karol Bagh and Subhash Nagar will require reinforced grid support and possibly smart load
management, while Janakpuri and Patel Nagar may benefit from scalable deployment strategies with room
for future expansion.

Comprehensive Urban EV Metrics

Location Population Density Average Daily Proposed Estimated Peak
(People /km?) EV Trips Chargers Load (kW)
Karol Bagh 33180 ~ 650 40 ~ 240 kW
Janakpuri 24 838 ~ 480 30 ~ 180 kW
Subhash Nagar 30091 ~ 600 35 ~ 210 kW
Patel Nagar 26 688 ~ 550 32 ~ 190 kW

Through combining EV demand and infrastructure proposals, this table provides a holistic view for
comparing different urban areas.

The integrated dataset highlights critical planning parameters—population density, average daily EV
trips, proposed chargers, and estimated peak load—across four key Delhi neighbourhoods: Karol Bagh,
Janakpuri, Subhash Nagar, and Patel Nagar. Karol Bagh emerges as the most infrastructure-intensive
zone, with the highest population density (33,180 people/km?), the greatest number of daily EV trips
(=650), and the most proposed chargers (40), leading to a peak load estimate of approximately 240 kW.
Subhash Nagar follows closely, with a density of 30,091 people/km? and ~600 EV trips, justifying its 35
proposed chargers and a 210 kW load. Patel Nagar and Janakpuri, while moderately dense, record =550
and ~480 daily EV trips respectively, with planned installations of 32 and 30 chargers and peak loads of
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around 190 kW and 180 kW. The data demonstrates a strong alignment between urban density, mobility
patterns, and infrastructure planning, ensuring equitable charger distribution and avoiding grid
overloading. These insights are vital for planners to prioritize high-demand zones like Karol Bagh and
Subhash Nagar for advanced grid support and smart charging systems, while enabling modular and
scalable deployment in Patel Nagar and Janakpuri. Such an approach ensures efficient EV adoption while
balancing energy sustainability and urban accessibility.

arprehansive Urban EV Metrcs « Dalhl Neighbourhoods

Comprehensive Urban EV Metrics by Location

The bar graph presents a comparative overview of key urban EV metrics—population density, average
daily EV trips, proposed chargers, and estimated peak load—across four Delhi neighbourhoods: Karol
Bagh, Janakpuri, Subhash Nagar, and Patel Nagar. Karol Bagh leads across all parameters, with the
highest population density and EV trip volume, reflected in the highest number of proposed chargers and
peak energy demand. Subhash Nagar follows closely, indicating a similarly high EV adoption potential
and infrastructure requirement. Patel Nagar and Janakpuri show moderate values across all metrics, with
slightly fewer EV trips, lower population densities, and correspondingly fewer chargers and lower peak
loads. The proportional relationships among the four variables in each location reinforce a strong link
between urban density, mobility patterns, and infrastructure planning. The visual underscores the need to
prioritize denser, high-mobility areas like Karol Bagh and Subhash Nagar for early EV infrastructure
deployment while ensuring scalable models for Janakpuri and Patel Nagar to support future EV growth.

Integrated Planning Summary

Location Population | Average | Existing Energy | Proposed | Estimated Renewable
Density Daily EV | Infrastructure | Chargers | Peak Load | Integration (%)
(people /km?) Trips (MW) (kW)

Karol Bagh 33180 ~ 650 ~ 95 40 ~ 240 ~38 %
Janakpuri 24 838 ~ 480 ~ 50 30 ~ 180 ~45%
Subhash 30091 ~ 600 ~ 50 35 ~210 ~ 40 %

Nagar
Patel Nagar 26 688 ~ 550 ~90 32 ~ 190 ~35%

This final table brings together all relevant metrics, making it easier for urban planners and energy
managers to evaluate each location’s suitability for additional charging infrastructure.

The dataset provides a comprehensive view of electric vehicle (EV) infrastructure readiness across four
key Delhi neighbourhoods by integrating demographic, mobility, and energy parameters. Karol Bagh,
with the highest population density (33,180 people/km?) and EV trip volume (<650), also possesses a

IJESTI 5 (7) https://doi.org/10.31426/ijesti.2025.5.7.5517 89


http://www.ijesti.com/

Vol 5, Issue 7, July 2025 Www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

strong energy infrastructure (<95 MW)), justifying its proposal for 40 chargers and an estimated peak load
of =240 kW. However, its renewable integration is moderate at ~38%. Subhash Nagar, though slightly
less dense (30,091 people/km?), shows similarly high EV demand (=600 trips) and proposes 35 chargers
with a 210-kW load, supported by 50 MW capacity and 40% clean energy use. Janakpuri, while less dense
and lower in energy capacity, leads in sustainability with 45% renewable integration and plans for 30
chargers. Patel Nagar, with a robust 90 MW supply and =550 daily EV trips, proposes 32 chargers and
has a peak load estimate of 190 kW, though renewable integration is only 35%. The data highlights the
need for tailored infrastructure and energy strategies across neighbourhoods based on both demand
intensity and energy sustainability.

Population Density {people/km?) - Delhi Neighbourhoods
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Population Density (People/km?)

The bar graph illustrates the population density (people/km?) across four Delhi neighbourhoods,
highlighting variations in urban compactness. Karol Bagh has the highest density at 33,180 people/km?,
indicating intense land use and a strong potential demand for urban services, including electric vehicle
(EV) infrastructure. Subhash Nagar follows closely with a density of 30,091 people/km?, also representing
a densely populated area where efficient mobility solutions and sustainable energy systems are critical.
Patel Nagar and Janakpuri have comparatively lower densities of 26,688 and 24,838 people/km?
respectively, suggesting moderately populated zones. The visual data emphasizes that Karol Bagh and
Subhash Nagar should be prioritized for early deployment of EV charging infrastructure due to their
higher population pressures. Meanwhile, Janakpuri and Patel Nagar still require strategic planning but
may accommodate more scalable or modular EV solutions. Overall, the graph provides valuable insights
for demand-responsive urban planning and targeted investment in EV infrastructure based on
demographic density.

Average Daity EV Trips - Delhi Nesghbourhoods
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Average Daily EV Trips
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The bar graph displays the average daily electric vehicle (EV) trips across four Delhi neighbourhoods,
offering insights into localized EV usage patterns. Karol Bagh records the highest daily EV trip volume
at 650, indicating strong demand for charging infrastructure and reflecting its dense urban activity.
Subhash Nagar follows with 600 trips, also demonstrating a high level of EV mobility and potential for
further EV infrastructure expansion. Patel Nagar, with 550 daily trips, shows moderately high usage,
while Janakpuri registers the lowest at 480 trips per day, though still indicating significant EV adoption.
These figures closely align with population density trends and urban transport behaviour. The data
reinforces the importance of tailoring EV charging infrastructure deployment to mobility demand,
prioritizing Karol Bagh and Subhash Nagar for immediate and high-capacity installations, while ensuring
adequate support and scalable solutions in Janakpuri and Patel Nagar. Such demand-based planning
ensures efficient resource allocation and promotes broader EV adoption.

Existing Energy Infrastructure (MW) ~ Delhi Neighbourhoods
L
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Existing Energy Infrastructure (MW)

The bar graph illustrates the existing energy infrastructure capacity (in megawatts) across four Delhi
neighbourhoods, shedding light on their readiness to support electric vehicle (EV) charging networks.
Karol Bagh and Patel Nagar emerge as the most energy-resilient zones, with substantial existing capacities
of 95 MW and 90 MW respectively. These figures align well with their high population densities and EV
trip volumes, positioning them as ideal candidates for early deployment of high-capacity charging
infrastructure. In contrast, Janakpuri and Subhash Nagar each have only 50 MW of available energy
infrastructure, potentially limiting the scale or intensity of EV charging unless grid enhancements or
decentralized energy solutions are implemented. Despite Subhash Nagar's high EV trip demand, the
limited grid capacity suggests a need for smart load management or renewable integration to mitigate grid
stress. Overall, the data highlights the necessity of aligning EV infrastructure rollout with energy
availability to ensure reliable and efficient service delivery across all neighbourhoods.

Proposed Chargers - Defhi Neighbaurhaods

Janabpuri Suthmh Negix
Lecston

Proposed Chargers

IJESTI 5 (7) https://doi.org/10.31426/ijesti.2025.5.7.5517 91


http://www.ijesti.com/

Vol 5, Issue 7, July 2025 Www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

The bar graph illustrates the number of proposed electric vehicle (EV) chargers across four Delhi
neighbourhoods, reflecting infrastructure planning aligned with local demand and capacity. Karol Bagh
leads with the highest number of proposed chargers (40), consistent with its high population density,
significant daily EV trips, and strong existing energy infrastructure. Subhash Nagar follows with 35
chargers, also justified by its high EV activity, although its energy infrastructure is comparatively limited,
highlighting a need for efficient energy management. Patel Nagar, with 32 proposed chargers, balances
moderate EV demand with a robust energy supply, suggesting strong deployment potential. Janakpuri,
having the lowest proposed count at 30 chargers, aligns with its lower EV usage and grid capacity but
high renewable integration. Overall, the distribution of chargers reflects a demand-responsive approach,
aiming to match EV mobility needs with energy availability. The data supports strategic, location-specific
EV infrastructure planning to ensure accessibility, grid stability, and scalable urban electrification.

Estimated Peak Load (kW) - Delhi Neighbourhoods
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Estimated Peak Load (kW)

The bar graph presents the estimated peak electrical load (in kilowatts) required to support proposed EV
charging infrastructure across four Delhi neighbourhoods. Karol Bagh registers the highest peak load at
240 kW, reflecting its leading position in population density, daily EV trips, and number of proposed
chargers. Subhash Nagar follows with a peak load of 210 kW, also consistent with its high EV usage and
charger deployment, though its underlying grid capacity is relatively modest. Patel Nagar and Janakpuri
show lower peak loads at 190 kW and 180 kW respectively, aligned with their moderate charger counts
and EV mobility demand. This data is critical for grid planning and load management, as higher peak
loads can strain local power systems without proper reinforcement or smart energy management. The
trend underscores the need to prioritize grid upgrades and potentially integrate renewable sources or load-
balancing strategies in high-demand areas like Karol Bagh and Subhash Nagar to ensure reliable EV
infrastructure performance.
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The bar graph highlights the percentage of renewable energy integration in the power mix for four Delhi
neighbourhoods, indicating their alignment with sustainable energy goals. Janakpuri leads with the
highest renewable integration at 45%, suggesting a strong emphasis on clean energy despite its relatively
lower grid capacity and EV trip volume. Subhash Nagar follows with 40%, balancing sustainability with
moderate grid infrastructure and high EV usage. Karol Bagh, while having the highest energy demand
and grid capacity, reports 38% renewable integration, indicating room for improvement in clean energy
alignment. Patel Nagar records the lowest renewable share at 35%, despite having one of the stronger grid
infrastructures. These variations underscore the need for targeted energy policies—promoting renewable
integration in high-demand areas like Karol Bagh and Patel Nagar, and maintaining or scaling up clean
energy in areas like Janakpuri and Subhash Nagar. Strengthening renewable contributions will be key to
building resilient, sustainable EV charging networks across all regions.

Implementation Roadmap
Phase 1: Planning and Feasibility
Data Collection and Analysis

« Urban Demographics: Gather detailed data on population density, socio-economic indicators,
commuting patterns, and land use. This data helps identify high-demand areas and potential
disparities in access.

o EV Usage Patterns: Compile historical and projected data on EV adoption, including average
daily EV trips, charging session durations, and frequency of use. This information is essential for
predicting future demand.

e Energy Infrastructure Assessment: Evaluate the current grid capacity, existing renewable
energy integration, and potential for grid upgrades. Analyze load profiles to understand peak
demand periods and energy consumption patterns.

o Geospatial Mapping: Utilize GIS tools to map the collected data, overlaying urban demographics
with EV usage and energy infrastructure metrics to visually identify high-priority zones.

Stakeholder Engagement

e City Planners and Local Government: Collaborate to ensure the project aligns with urban
development plans, zoning laws, and sustainability goals. Early engagement helps secure
necessary permits and fosters long-term support.

o Utility Providers: Work closely with local energy companies to understand grid limitations, plan
for capacity upgrades, and integrate renewable energy sources into the charging infrastructure.

e Community Involvement: Involve local residents, businesses, and advocacy groups to gather
insights on community needs, ensuring the charging network is accessible and meets local
expectations.

e Technology Partners: Engage with technology vendors and infrastructure providers who
specialize in smart charging solutions, 10T sensors, and data analytics platforms.
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Phase 2: Pilot Projects
Prototype Deployments

o Site Selection: Choose high-priority locations based on the data collected in Phase 1. Focus on
areas with high EV usage and sufficient grid capacity, such as Delhi districts or transit hubs.

« Installation of Charging Stations: Deploy a limited number of prototype charging stations.
These stations should represent different technologies (e.g., fast chargers, standard chargers) and
design configurations to test what works best.

e Integration with Smart Systems: Ensure the prototypes include IoT sensors for real-time data
collection, communication modules for dynamic pricing, and load management capabilities.

Monitoring and Feedback

« Real-Time Analytics: Implement a robust monitoring system to track station utilization, energy
consumption, and charging session metrics. Analyze real-time data to assess performance under
various conditions.

o User Feedback: Collect feedback from EV drivers and local residents through surveys, mobile
apps, and direct observation. This qualitative data can reveal usability issues, service gaps, or
community concerns.

e Technical Performance: Monitor system reliability, maintenance requirements, and energy load
impacts on the grid. Use this data to fine-tune charging speeds, session management, and
maintenance protocols.

o Iterative Refinement: Use the insights gathered during the pilot to adjust the design, technology
choices, and deployment strategy. Address any technical or operational issues before proceeding
to network expansion.

Phase 3: Network Expansion
Scalability and Strategic Rollout

o Data-Driven Expansion: Use the validated data and lessons learned from the pilot phase to plan
a broader rollout. Identify additional high-demand areas and ensure that infrastructure expansion
is in line with urban growth projections.

e Phased Installation: Roll out new charging stations in phases, prioritizing regions where the
impact is greatest. This approach allows for incremental adjustments and resource allocation.

e Grid and Renewable Integration: Coordinate closely with utility providers to ensure that grid
upgrades and renewable energy projects are synchronized with charging station expansion. This
coordination is vital for managing increased load and promoting sustainable energy use.

Continuous Improvement and Future-Proofing

e Ongoing Analytics: Establish continuous monitoring systems that feed back into operational
management. Use predictive analytics to anticipate future demand spikes, maintenance needs, and
technology updates.
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o Feedback Loops: Create regular review cycles that incorporate user feedback, operational data,
and technological advances. This iterative process helps refine pricing models, charger
performance, and overall network efficiency.

e Technology Upgrades: Stay abreast of emerging technologies such as advanced battery storage,
vehicle-to-grid (V2G) capabilities, and enhanced communication protocols. Plan for periodic
upgrades to ensure the charging network remains state-of-the-art.

o Policy and Regulatory Adaptation: Work with policymakers to update regulations and
incentives that support network expansion and technology integration. This collaboration helps
align long-term urban planning with evolving energy policies.

Urban Planning Studies Input Data (Before Optimization)

The raw input data is gathered from preliminary urban planning studies and initial energy infrastructure
assessments. This data represents the current conditions without any optimization measures applied.

Data Table (Observational Data)

Location Population | Average | Existing Energy | Proposed | Estimated | Renewable
Density Daily EV | Infrastructure | Chargers | Peak Load | Integration
(People /km?) Trips (MW) (kW) (%0)
Karol Bagh 33180 = 650 ~ 95 40 ~ 240 ~38 %
Janakpuri 24 838 ~ 480 ~ 50 30 ~ 180 ~45 %
Subhash 30091 ~ 600 ~ 50 35 ~210 ~40 %
Nagar
Patel Nagar 26 688 ~ 550 ~90 32 ~ 190 ~35%

Key Observations (Before Optimization)

The comprehensive dataset compares four Delhi neighbourhoods—Karol Bagh, Janakpuri, Subhash
Nagar, and Patel Nagar—across critical urban and energy indicators relevant to electric vehicle (EV)
infrastructure planning. Karol Bagh, with the highest population density (33,180 people/km?) and daily
EV trips (=650), is backed by a robust energy infrastructure of <95 MW, supporting 40 proposed chargers
and the highest estimated peak load at =240 kW. However, its renewable integration stands at a moderate
~38%, indicating reliance on conventional energy. Subhash Nagar also exhibits high EV demand (=600
trips) and dense urban conditions, with 35 chargers planned and an estimated load of =210 kW, though
constrained by a lower energy capacity (=50 MW). Janakpuri shows lower demand (=480 trips) and
energy supply (=50 MW), yet leads in renewable integration at ~45%, suggesting a greener but capacity-
limited context. Patel Nagar balances moderate population and EV usage (=550 trips), with a strong
energy base (<90 MW) and 32 chargers proposed, though it has the lowest clean energy share at ~35%.
These figures underscore the need for location-specific strategies—enhancing renewable integration in
energy-rich zones and improving energy infrastructure where demand exceeds current capacity to support
equitable and sustainable EV adoption.
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The correlation matrix visualizes relationships among key variables influencing EV infrastructure in Delhi
neighbourhoods. Strong positive correlations are observed between population density, EV trips,
proposed chargers, and peak load, with values close to +1.00, indicating that as urban density and mobility
increase, so does the demand for charging infrastructure and energy load. Notably, population density
correlates +0.99 with both chargers and peak load, suggesting a direct link between urban compaction and
charging needs. However, renewable energy integration shows strong negative correlations, especially
with energy infrastructure (—0.80), EV trips (—0.56), and population density (—0.39), implying that areas
with higher power capacity and urban activity currently rely more on conventional energy sources. This
highlights a potential conflict between high EV demand and clean energy goals. The matrix underscores
the need to boost renewable integration in high-demand zones and develop smart grid strategies that
reconcile urban density with sustainability in EV planning.

Optimization Process
Data-Driven Analysis and Predictive Modelling

« Demand Forecasting: Using historical usage data and predictive analytics, planners refine the
estimates for EV trips and peak loads.

e Grid Capacity Assessment: Enhanced simulations determine where grid upgrades or renewable
integrations are most necessary.

o Site Prioritization: GIS mapping and demographic analytics are used to reassess priority areas,
ensuring that high-demand regions are well-served.

Optimization Measures

e Smart Charging Implementation: Adjust charging station output and timing based on dynamic
pricing and real-time grid load management.

e Infrastructure Upgrades: Coordinate with utility providers to boost grid capacity and integrate
additional renewable energy sources where needed.

o Feedback Integration: Pilot projects and user feedback loops refine the operational efficiency of
chargers and reduce bottlenecks.
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Output Data (After Optimization)

After applying the optimization strategies, the output data reflects improved performance, enhanced grid
support, and better alignment with urban planning goals.

Data Table (Outcome after Optimization)

Location Population Optimised Enhanced Optimised | Reduced Increased
Density Daily EV Energy Chargers Peak Renewable
(People /km?) Trips Infrastructure Load Integration (%)
(MW) (kW)

Karol Bagh 33180 ~ 700 ~ 110 46 ~ 220 ~ 48 %
Janakpuri 24 838 ~ 520 ~ 58 34 ~ 165 ~55%
Subhash Nagar 30 091 ~ 650 ~ 60 40 ~ 190 ~ 50 %
Patel Nagar 26 688 ~ 600 ~ 105 38 ~ 175 ~45 %

Key Improvements (After Optimization):

The optimized dataset reflects strategic enhancements across four Delhi neighbourhoods—Karol Bagh,
Janakpuri, Subhash Nagar, and Patel Nagar—to support future-ready electric vehicle (EV) infrastructure.
Karol Bagh, maintaining the highest population density (33,180 people/km?), shows increased EV activity
(=700 trips), supported by upgraded energy infrastructure (=110 MW), 46 optimized chargers, a reduced
peak load of =220 kW, and significantly improved renewable integration (=<48%). Subhash Nagar also
demonstrates effective optimization with =650 daily EV trips, a 20% energy capacity increase to ~60
MW, 40 chargers, and a lowered peak load (=190 kW), accompanied by renewable integration growth to
~50%. Janakpuri, despite lower density, improves to =520 EV trips, energy infrastructure of <58 MW, 34
chargers, a reduced load of =165 kW, and leads in clean energy adoption (=55%). Patel Nagar shows
notable improvement with ~600 EV trips, a robust 105 MW energy base, 38 chargers, a peak load drop
to ~175 kW, and 45% renewable integration. These enhancements reflect an intelligent balancing of urban
mobility, grid efficiency, and sustainability. Strategic upgrades in energy infrastructure and charger
allocation, alongside increased reliance on renewables and demand-side load reductions, collectively
ensure scalable, clean, and resilient EV ecosystems across all neighbourhoods.
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The optimized correlation matrix illustrates improved relationships among key variables in Delhi's EV
infrastructure ecosystem. Strong positive correlations persist between population density, EV trips, chargers,
and peak load, with values nearing +0.98 to +1.00, confirming that urban density continues to drive
infrastructure demand. Notably, energy infrastructure shows increased correlation with chargers (+0.64) and
EV trips (+0.55), reflecting better alignment between supply and demand after optimization. While peak load
remains closely tied to EV activity (+0.94) and charger count (+0.99), its correlation with renewable energy
slightly weakens to —0.38, suggesting effective load management despite expanded clean energy integration.
The negative correlation between renewable integration and energy infrastructure (—0.81) remains high,
indicating that areas relying more on renewable sources tend to have lower traditional grid dependency.
Overall, the matrix reflects a more balanced and efficient system, with improved synergy between energy
supply, EV demand, and sustainability goals, highlighting successful outcomes of optimization strategies.

EV Thps: Before vs After Op D Nesghbourhoods
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EV Trips: Before vs After Optimization

The bar graph compares electric vehicle (EV) trips across four Delhi neighbourhoods before and after
optimization, highlighting the impact of improved infrastructure planning and energy enhancements. In Karol
Bagh, EV trips increased from approximately 650 to 700, the highest among all neighbourhoods, reflecting its
dense urban profile and strengthened grid and charging support. Subhash Nagar follows with a rise from 600
to 650 trips, demonstrating notable growth resulting from enhanced energy capacity and charger deployment.
Patel Nagar experienced a similar improvement, with EV trips increasing from around 550 to 600, indicating
effective alignment of mobility needs with available infrastructure. Janakpuri, despite having the lowest initial
trip count, showed a positive shift from 480 to 520 trips, supported by increased renewable integration and
charger expansion. Overall, the post-optimization increase in EV trips across all locations signifies improved
accessibility, reliability, and user confidence in EV infrastructure. The uplift suggests that strategic
enhancements in grid capacity, charger availability, and cleaner energy supply not only meet existing demand
but also encourage broader EV adoption. This progression supports sustainable urban mobility goals and offers
a replicable model for other cities aiming to scale their EV ecosystems.

Peak Load: Before vs After Optimisation - Delhi Neighbourhoods
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The bar graph compares the estimated peak load (in kW) across four Delhi neighbourhoods before and
after optimization, revealing the impact of energy-efficient planning on EV infrastructure. All locations
demonstrate a clear reduction in peak load post-optimization. Karol Bagh shows a drop from 240 kW to
220 kW, reflecting improved energy distribution despite increased EV usage. Janakpuri experiences a
reduction from 180 kW to 165 kW, indicating effective load management and integration of renewables.
Subhash Nagar sees its peak demand decrease from 210 kW to 190 kW, while Patel Nagar lowers from
190 kW to 175 kW. These reductions suggest successful implementation of smart charging strategies,
upgraded infrastructure, and better alignment between supply and demand. Importantly, the decline in
peak loads is achieved alongside increases in EV trip volumes, highlighting enhanced system efficiency.
The optimization efforts ensure reduced grid stress and promote sustainability, supporting the long-term
viability of urban electric mobility.

Renewable Ve er Dptimisation - Delhi Nelghbourt

Renewable Integration: Before vs After Optimization

The bar graph compares renewable energy integration percentages before and after optimization across
four Delhi neighbourhoods, highlighting progress toward cleaner energy use in EV infrastructure.
Janakpuri leads with a significant increase from 45% to 55%, reinforcing its role as the most renewable-
dependent zone despite modest energy capacity. Subhash Nagar follows with a rise from 40% to 50%,
indicating enhanced alignment with sustainable energy goals. Karol Bagh, a high-demand area, improved
from 38% to 48%, reflecting strategic integration of renewables to balance heavy EV loads with
sustainability. Patel Nagar increased its renewable share from 35% to 45%, showcasing considerable
improvement in clean energy usage despite already having strong grid infrastructure. The consistent
upward trend across all neighbourhoods suggests effective optimization strategies, including distributed
generation, grid upgrades, and cleaner energy procurement. These improvements not only support the
environmental agenda but also reduce reliance on conventional sources, making EV networks more
resilient, cost-efficient, and sustainable long-term.

4. CONCLUSION AND FUTURE SCOPE
Conclusion

The successful adoption and scalability of electric vehicle (EV) infrastructure hinge on the strategic design
of accessible, efficient, and inclusive charging networks that are deeply integrated with urban planning
and energy management systems. As cities evolve into smarter and more sustainable environments, EV
charging networks must not only meet growing demand but also align with broader urban mobility goals,
environmental standards, and equitable access. Integrating charging infrastructure with smart grids
enables real-time energy optimization, reduces peak loads, and supports the incorporation of renewable
energy sources such as solar and wind power—critical to minimizing environmental impact and ensuring
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long-term energy sustainability. Moreover, thoughtful urban space utilization, user-centric design, and the
incorporation of multi-modal transport systems enhance convenience, accessibility, and system
adaptability. Emphasizing inclusivity ensures that underserved and low-income communities are not
excluded from the benefits of electric mobility. Public-private partnerships and data-driven urban
planning further facilitate the continuous evolution and optimization of EV charging networks.
Scalability, flexibility, and the use of advanced technologies such as predictive analytics, energy storage,
and smart load management are essential for future-proofing the infrastructure. Ultimately, a
comprehensive and collaborative approach to EV infrastructure design will drive the successful transition
to sustainable transportation systems worldwide.

Future Scope

While this research presents a robust foundation for EV infrastructure planning, it also opens avenues for
further exploration and development. Future studies can build upon this work by incorporating more
dynamic and real-time factors, including vehicle movement simulations, driver behaviour analytics, and
time-of-use energy pricing models. One promising area is the integration of renewable energy with
vehicle-to-grid (V2G) technology, where EVs not only consume energy but also supply it back to the grid
during peak demand. Future models can explore bi-directional energy flow and its implications on energy
markets, grid stability, and carbon offsetting. Additionally, battery storage systems co-located with fast
chargers can be analysed for their potential in reducing dependency on the grid and improving reliability
in underserved zones. Machine learning and Al-based forecasting models can enhance demand prediction
and infrastructure optimization. Through using historical data, weather patterns, traffic congestion data,
and real-time 0T sensor inputs, more accurate and responsive systems can be designed. These Al models
could also be used to automate charger placement recommendations and optimize charger utilization rates,
enhancing user satisfaction and network efficiency. From a policy perspective, future research should
explore socio-economic dimensions of EV adoption. Factors such as income levels, affordability of EVs,
government incentives, and urban-rural disparities can be incorporated into planning models. Doing so
would allow for the formulation of equitable infrastructure policies that ensure accessibility for
marginalized or low-income communities. Another vital area of expansion involves multi-modal
transportation integration. EV charging networks should not be planned in isolation but in conjunction
with public transportation systems such as metro stations, electric buses, and shared mobility hubs.
Research on integrated urban mobility planning can maximize the utilization of infrastructure and promote
the concept of transport-as-a-service (TaaS). Additionally, this study focused primarily on urban areas,
but peri-urban and rural regions also require tailored strategies. Future work could develop differentiated
planning models for these regions, considering lower population densities, limited grid availability, and
different mobility patterns. Environmental impact assessments of EV charging deployment, including
lifecycle emissions, land-use changes, and resource utilization (e.g., lithium and rare earth metals), also
merit deeper investigation. Coupled with economic feasibility studies, these assessments can help evaluate
the long-term sustainability of different deployment models. Lastly, international benchmarking and
collaboration with global smart cities could provide insights into best practices and innovation adoption.
Comparative studies could evaluate how cities in Europe, North America, and East Asia are implementing
EV infrastructure and derive lessons adaptable to local contexts. The future scope for research in EV
infrastructure planning is vast and interdisciplinary.
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