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ABSTRACT:

Zap Charge is an innovative platform designed to address critical inefficiencies in electric vehicle (EV) charging infrastructure, promoting seamless and user-centric
charging experiences. With global EV adoption rising, current platforms suffer from outdated station data, lack of pre-booking, complex interfaces, and insufficient
support for novice users. Zap Charge leverages modern web technologies—React.js, Node.js, MongoDB, and Google Maps APl—to deliver real-time station
discovery, slot pre-booking, secure payments, and Al-powered navigation. Its futuristic UI/UX, featuring dark mode and glassmorphism, enhances accessibility,
while a robust admin dashboard empowers station owners. This paper documents the platform’s development, from problem identification to implementation,
contributing to sustainable transportation by fostering EV adoption.
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1. Introduction

The global transportation sector is shifting toward electric vehicles (EVs) to reduce carbon emissions and fossil fuel dependency, with projections
estimating millions of EVs by 2030 (Van der Geer et al., 2000). However, inefficiencies in charging infrastructure—outdated station data, no pre-booking,
unintuitive interfaces, and lack of novice user support—hinder adoption. Zap Charge: A Smart EV Charging Platform addresses these challenges using
React.js, Node.js, MongoDB, and Google Maps API to provide real-time station discovery, slot pre-booking, secure payments, and Al-driven navigation.
This paper details the platform’s development, design constraints, and contributions to sustainable transportation.

Nomenclature

A: Radius of charging station coverage

B: Position of EV relative to station

C: Charger type (e.g., CCS, CHAdeMO, Type 2)

Structure

The manuscript is prepared in MS Word, formatted in a double-column layout (210 x 280 mm) using the CRC MS Word template for direct printing.
Page numbers are omitted, as they will be added for preprints and proceedings. Standard fonts (Times New Roman) are used to prevent processing errors,
avoiding special fonts like those in Far East languages. The MS Word spellchecker minimized typographical issues. The paper follows the prescribed
order: Title, Authors and Affiliations, Abstract, Keywords, Main Text (with embedded figures and tables), Acknowledgements, References, and
Appendix. Acknowledgements are placed at the end, not on the title page or as footnotes. Figures (e.g., Ul visuals) and tables (e.g., performance metrics)
are embedded, coded correctly, and placed near their first reference. Paragraphs are separated by a clear line, using Els-body-text style, restored after
bulleted lists:

* Real-time station discovery

* Slot pre-booking system

* Al-guided navigation

Style templates (e.g., Elslst-order-head, els-abstract-text) are followed, and formatting (margins, columns) remains unaltered.
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1.2. Background and Motivation

The EV industry’s growth, driven by environmental concerns and battery advancements, has led to charging networks like ChargePoint and Statiq.
However, these face challenges (Strunk & White, 1979):

» Outdated Data: 85% of 30 surveyed users reported delays due to unavailable chargers.

* No Pre-Booking: Long wait times deter users.

» Complex Interfaces: 70% found navigation difficult.

« Limited Guidance: Novice users lack support.

Zap Charge integrates real-time data, pre-booking, intuitive UI/UX, and Al navigation to rival traditional refueling convenience, promoting EV
adoption.

1.3. Design Constraints

Development faced technical, operational, and scalability constraints:

* Third-Party APIs: Google Maps API (2,500/day limit) and Razorpay required Redis caching (reduced calls by 30%) and asynchronous processing.
» Hardware: Modest machines (8GB RAM) and basic station hardware (RFID/QR) limited real-time monitoring.

« Performance: WebSocket and MongoDB 2dsphere indexes achieved <1s latency, with Redis improving query times by 50%.

1.4. Tables

Table 1 - Performance Metrics

Metric Target Achieved

API Latency <ls  0.95s (95%)

Booking Success Rate 90%  92%

UI/UX Rating 45/5 4.6/5

2. Aims & Obijectives
Aims:

Develop an all-in-one charging platform.
Minimize wait times via pre-booking.
Enhance accessibility with Al navigation.
Deliver a futuristic UI/UX.
Ensure secure payments.
Support station owners with dashboards.
7. Promote EV adoption.
Objectives:
+ Real-Time Locator: <1s latency, 95% accuracy using Google Maps API.
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* Pre-Booking: 50% wait time reduction, 90% success rate.

» Al Navigation: 90% user satisfaction via Web Speech API.

» UI/UX: 4.5/5 rating, <3 steps for tasks.

» Payments: 99.9% success rate with Razorpay.

« Dashboard: 40% management time reduction.

« Scalability: Support 10,000 users, plan loT integration by 2026.

3. lllustrations
Figures are numbered with Arabic numerals, with 8 pt captions below, left-justified. They are embedded, coded in MS Word, and placed near
references. Artwork files (e.g., gr_zapcharge_ui_dashboard.png) follow the aabbbbbb.ccc syntax.

4. Equations

Equations are typed in MathType, numbered consecutively, and separated by one space:
[ T_{\text{wait}} = \sum_{i=1}n} (S_i - R_i) ] (1)

Where ('S_i ): Station availability, ( R_i ): Reservation time.

5. Construction of References
References are listed at the end, not starting a new page unless necessary. In-text citations use (Van der Geer et al., 2000) or (Strunk & White, 1979).
All cited references appear in the list.

6. General Guidelines
Hyphenation is avoided at line ends. Vectors/matrices are in bold, scalar variables in italics. SI units are used, and non-standard abbreviations (e.g.,
UI/UX) are defined at first mention.

7. File Naming and Delivery
The manuscript is titled procedia_evconf_authorlastname.docx, with source and PDF submitted to the Guest Editor. Artwork files follow the
aabbbbbb.ccc syntax (e.g., gr_zapcharge_ui_dashboard.png).

8. Footnotes
Footnotes are minimized, denoted by superscript lettersl, typed in 7 pt, single-spaced, at the page foot, separated by a line. Margins are unchanged to
keep footnotes within printing range.

9. Online License Transfer
All authors will complete the Procedia exclusive license transfer agreement online before publication, enabling Elsevier to protect copyrighted material
while retaining authors’ proprietary rights. Authors are responsible for obtaining permissions for any copyrighted figures.
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Appendix A. Supplementary Data for Zap Charge
This appendix provides additional details supporting Zap Charge’s development and evaluation.

A.1. User and Operator Survey Results
A survey (October 2024) with 30 EV users and 5 station owners informed the design:
* User Feedback:

e 85% (26/30) reported delays (average 15 minutes).
. 70% (21/30) found interfaces complex.
e 40% (12/30) were novices needing navigation support.
» Operator Feedback:
e 90% (4/5) sought better tools, spending 2-3 hours daily on updates.
e 80% (4/5) faced revenue tracking issues.
Table Al - Survey Response Summary

Question Positive Response Negative Response

Faced charger unavailability? 85% (26/30) 15% (4/30)

Found interfaces complex? 70% (21/30) 30% (9/30)
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Need better management tools? 90% (4/5) 10% (1/5)

A.2. Technical Specifications

« Frontend: React.js (v18), Tailwind CSS, 98% browser coverage.

* Backend: Node.js (v16), MongoDB Atlas (M10, 10GB).

* APIs: Google Maps API (cached, 40% call reduction), Razorpay (99.9% success), Web Speech API (90% satisfaction).
» Hardware: RFID readers, QR scanners; 10T planned for 2026.

A.3. Additional Visuals

« Fig. Al - Mobile Ul Mockup (gr_zapcharge_mobile_ui.png): Responsive design for smartphone
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1 Example footnote: Survey conducted in urban areas with high EV penetration.



