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Foreword

India is undergoing a major transformation in its transportation ecosystem, with electric mobility emerging as a key enabler
of sustainable development. Electric vehicles (EVs) are rapidly becoming central to the country’s strategy for reducing
reliance on fossil fuels, improving air quality, and meeting decarbonization targets. With this accelerated adoption comes
an urgent need for robust, safe, and reliable EV charging infrastructure across residential, commercial, and public
domains.

The deployment of EV charging stations brings new challenges and responsibilities for stakeholders involved in electrical
installation, ranging from government agencies, charge point operators, OEMs, and developers to electrical engineers and
contractors. Unlike traditional electrical systems, EV charging infrastructure operates under high load conditions,
integrates advanced communication protocols, and requires strict adherence to power quality, safety, and interoperability
standards. Any lapse in design, execution, or compliance can result in serious hazards, including electric shocks, arc
faults, and fire risks.

This document on Electrical Installations for EV Charging Infrastructure has been developed as a practical guide for the
planning, installation, and maintenance of EV supply equipment (EVSE) in line with prevailing Indian Standards,
particularly the IS 17017 series. It summarizes complex requirements into accessible and actionable guidelines to support
safe and compliant deployments across various use cases from private chargers and fleet depots to public charging hubs
and highway corridors.

The document emphasizes the core principles of safety, reliability, and compliance. It highlights key considerations,
including proper grounding and earthing, overcurrent and surge protection, insulation integrity, power quality management,
emergency response systems, and integration with smart grid and renewable energy systems. It also outlines the critical
roles of components such as residual current devices (RCDs), Arc Fault Detection Devices (AFDDs), isolation
transformers, and communication protocols with embedded safety features. Recognizing that users often face an
overwhelming volume of technical documents, including regulations, codes, and standards. This document seeks to serve
as a consolidated reference point, helping practitioners navigate and align their work more efficiently.

This publication is intended to complement, not replace, the Indian Standards and legal frameworks that govern electrical
installations in the country. Practitioners are expected to follow the relevant provisions of the Indian Electricity Act, 2003,
and regulations by the Central Electricity Authority (CEA), and other statutory bodies.

As EV charging becomes an integral Part of the built environment and power distribution systems, the collective
responsibility to ensure quality, safety, and interoperability has never been greater. By adhering to sound engineering
practices and national standards, stakeholders can help realize a future-ready, resilient, and clean transportation network
for India.
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1. Purpose and Scope of the Document

The EV Charging Station Installation document serves as a comprehensive reference that brings together the applicable
regulations, standards, and best practices essential for the safe, reliable, and compliant deployment of electric vehicle
(EV) charging infrastructure in India. This document is intended to be purely informative and should not be used as a
substitute for the applicable regulations and standards.

1.1 Key Objectives: Safety, Reliability, and Compliance

Key Objectives

Safety
- Enhancing Electrical Safety:
o Apply standards and regulations for safe installation, operation, and maintenance procedures for EV
charging stations.
o Incorporate checklists for site assessment, grounding, wiring, surge protection, and labelling.
. Risk Mitigation:
o Address electrical faults, improper installations, and power disruptions to prevent system failures.
o Ensure insulation integrity to protect against electrical shock hazards.
. Fire Safety Measures:
o Implement fire-resistant enclosures, early detection systems (smoke, heat sensors), and suppression
mechanisms.

o Use applicable standards and codes for emergency disconnection systems for immediate power cut-off.

Reliability
. Consistent Performance Across Different Environments:
o Ensure charging stations function reliably in urban, rural, and industrial settings.
- Power Quality Assessments:
o Address issues such as voltage fluctuations, harmonics, load imbalances, and grid stability.
« Equipment Durability:
o Emphasize high-quality materials, protective enclosures, and robust connectors to withstand weather,
mechanical stress, and continuous usage.
. Cybersecurity & Data Protection:
o Secure networked EVSE (Electric Vehicle Supply Equipment) against cyber threats.

o Ensure compliance with data privacy regulations to protect user information.



Key Objectives

. Factors affecting Reliability
o Quality of electrical infrastructure, availability of backup power, adherence to maintenance schedules,
and compliance with safety standards
o Redundancy in power supply and communication networks

o Software reliability, including real-time monitoring and automated fault detection

Compliance
. Alignment with National and International Standards:
o Indian Standards (IS 17017, IS 17896, IS 3043, IS 732, IS 12640, etc.)
o International Standards (IEC 61851, IEC 63110, IEC 60364, IEC 62196, IEEE 519, etc.)
- Regulatory Adherence:
o Ensure compliance with Ministry of Power (MoP), Central Electricity Authority (CEA), National Electric
Code (NEC) 2023 guidelines and Amendments in 2019 to the Model Building Bye-Laws (MBBL) 2016 by
the Ministry of Housing and Urban Affairs (MoHUA)

o Follow local building and zoning laws for charging station placement, accessibility and safety zoning

1.2 Stakeholders

Diverse stakeholders are involved in different roles and capabilities to ensure safety of EV charging infrastructure. The

identified stakeholders and their area of focus within the EV charging eco-system are given below :

1.2.1 Target Audience

Government Bodies

* Ministry of Power (MoP)

* Ministry of Road Transport and Highways

* Ministry of Housing and Urban Affairs (MoHUA)

« State Urban Development DePart ments

Key Focus Areas
1.Provides directions for implementation of regulations and national standards

2.Policy formulation based on field practices and compliance measures



Charge Point Operators

Charge Point Operators (CPOs) and e-mobility service providers (e-MSPs) manage day-to-day operations of EV
charging infrastructure, for semi-public and public charging facilities. CPOs and e-MSPs are also responsible for setting
up the framework architecture, protocols, and processes to enable centralized management of charging facilities and

their communication with the DISCOMs, and ensure efficient access to EV charging services for consumers.

Key Focus Areas
1. Outlines the installation considerations with respect to DISCOMs
2.Guides compliance with electrical safety standards

3.Improves decision-making for site selection, scaling, and consumer services

OEMs (Original Equipment Manufacturers)
OEMs design and manufacture electric vehicles, batteries, and charging equipment, playing a vital role in aligning EVs

and infrastructure to consumer needs and standards.

Key Focus Area
1.Provides clarity on safety and installation practices
2.Highlights compatibility requirements with charging networks

3.Vehicle OEM with support of EVSE OEMSs guide their customers toward efficient charging solutions

Private Investors, Developers, and Real Estate Stakeholders

Private investors and developers (including real estate developers, corporate entities, and venture capitalists) are
playing an increasingly important role in the expansion of EV charging infrastructure in India. These investors and
developers are crucial to scaling up the necessary infrastructure to support the growing adoption of electric vehicles

(EVs), Part icularly in urban areas, residential complexes, commercial properties, and along highways.

Key Focus Areas
1. Cost-benefit analysis and ROI planning
2.Incentives, subsidies, and schemes for EV infrastructure investment

3.Choosing the right technology for scaling operations efficiently



2. Present EV Charging Scenario

2.1 Indian EV Outlook

India's electric vehicle (EV) charging infrastructure has experienced significant growth, driven by government initiatives
and increasing EV adoption.

India has accelerated the adoption of electric vehicles through various government schemes, initiatives, and supportive
policy reforms.

EV SALES TREND IN INDIA

Vehicle Category-Wise Market Share EV Annual Sales Trend in India (FY2015 - FY2025)
(Cumulative till Mar 2025)
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Current Status of EV Charging Infrastructure

As of December 2024, India has over 25,202 public EV charging stations, a substantial increase from approximately
1,800 in early 2022.

The top three states in terms of charging infrastructure are:
. Maharashtra: 3728 stations
. Delhi: 1,886 stations

. Karnataka: 5765 stations




2.1.1 Indian Government Policies and Initiatives for EV Charging Infrastructure

Government Policies and Initiatives

The Indian government has implemented several policies to promote EV adoption and expand charging
infrastructure:

. PM E-DRIVE Scheme: Launched in September 2024, this scheme has an allocation of 109 billion ($1.3
billion) to incentivize EV adoption, including subsidies for e-two wheelers, e-three wheelers, e-ambulances, and
e-trucks. It also provides ¥43.91 billion for public transport agencies to purchase over 14,000 electric buses.

. Revised Guidelines for EV Charging Infrastructure:

o In September 2024, the Ministry of Power issued updated guidelines to enhance the accessibility and
density of EV charging stations, aiming for significant expansion by 2030.

o The Indian government plans to invest ¥350 billion in EV infrastructure by 2025, aiming to roll out 100,000
EV charging stations across the country

o Additionally, there is a focus on integrating renewable energy sources into the charging infrastructure, with
over 60% expected to utilize renewables by 2030.

o These efforts are crucial to achieving India's target of 30% EV penetration in the automotive market by
2030.

2.1.2 Regional Policies on in EV Charging Infrastructure

India's transition to electric mobility is marked by significant regional variations in EV charging infrastructure
development. State governments, guided by the Ministry of Power's (MoP) directives, have issued specific
guidelines to facilitate the establishment of charging stations. However, challenges such as availability of skilled
manpower for installation and the absence of comprehensive audit frameworks persist.

State-Level Guidelines and Implementation

The MoP's "Guidelines for Installation and Operation of Electric Vehicle Charging Infrastructure" serve as the
foundational document for state policies. These guidelines aim to standardize charging infrastructure across the
country. For instance, Uttar Pradesh has released its guidelines in August 2020, aligning with MoP's directives to
promote EV adoption.

State-Specific Guidelines and Resources

Below is a table summarizing the number of public EV charging stations, brief guidelines, and links to state-specific
policies:



State Name Link to the Guideline

Maharashtra Click Here | Click Here

Delhi Click here | Click Here | Click Here
Karnataka Click Here | Click Here

Kerala Click here

Tamil Nadu Click here

Uttar Pradesh Click here | Click Here

Rajasthan Click here

Telangana Click here | Click Here | Click Here
Gujarat Click here | Click Here

Haryana Click here | Click Here | Click Here
Madhya Pradesh Click here

Andhra Pradesh Click here

West Bengal Click here | Click Here
Odisha Click here

Punjab Click here | Click Here
Chhattisgarh Click here

Jharkhand Click here | Click Here | Click Here | Click Here
Bihar Click here

Goa Click here

Assam Click here
Uttarakhand Click here

Jammu & Kashmir Click Here

Himachal Pradesh Click here
Pondicherry Click here

Meghalaya Click here

Tripura Click here

Manipur Click here

Chandigarh Click here

Arunachal Pradesh Click here

Nagaland Click here



https://www.mahadiscom.in/consumer/en/electric-vehicle-circulars/
https://www.mahadiscom.in/consumer/en/electric-vehicle-circulars/
https://www.ceimah.in/uploads/cie/gallery/media/283_CEI%20_%20Safety%20Advisory_%20Standard%20Operating%20Procedure%20for%20EV%20Charging%20Stations%20(EVCS)%20across%20Maharashtra_organized.pdf
https://powermin.gov.in/sites/default/files/webform/notices/Final_Consolidated_EVCI_Guidelines_January_2022_with_ANNEXURES.pdf
https://powermin.gov.in/sites/default/files/webform/notices/Final_Consolidated_EVCI_Guidelines_January_2022_with_ANNEXURES.pdf
https://ev.delhi.gov.in/publications-guidelines-circulars?type=Guidelines
https://powermin.gov.in/sites/default/files/webform/notices/Final_Consolidated_EVCI_Guidelines_January_2022_with_ANNEXURES.pdf
https://powermin.gov.in/sites/default/files/webform/notices/Final_Consolidated_EVCI_Guidelines_January_2022_with_ANNEXURES.pdf
https://kerc.karnataka.gov.in/uploads/media_to_upload1722331998.pdf
https://pulseenergy.io/blog/ev-charging-station-business-bangalore
https://shaktifoundation.in/wp-content/uploads/2022/01/BESCOM-EVCI-Planning-and-Rollout-for-Bengaluru-City-Karnataka-1.pdf
https://kseb.in/uploads/Downloadtemsuppy/EV%20Policy%202023_%20Reccomendation-16995284001566744683.pdf
https://spc.tn.gov.in/policy/electric-vehicles-policy-2023/
https://spc.tn.gov.in/policy/electric-vehicles-policy-2023/
https://invest.up.gov.in/wp-content/themes/investup/pdf/Guidelines-for-setting-up-Public-Charging-Stations-dtd-4-8-2020.pdf
https://invest.up.gov.in/wp-content/themes/investup/pdf/Guidelines-for-setting-up-Public-Charging-Stations-dtd-4-8-2020.pdf
https://evupyog.org.in/
https://evupyog.org.in/
https://istart.rajasthan.gov.in/public/pdf/REVP_2022.pdf
https://www.nrdc.org/sites/default/files/siting-ev-charging-stations-hyderabad-cs.pdf
https://www.nrdc.org/sites/default/files/siting-ev-charging-stations-hyderabad-cs.pdf
https://www.niti.gov.in/sites/default/files/2023-05/Final-smaller_Electric-Vehicles-Charging-Infrastructure.pdf
https://www.nrdc.org/sites/default/files/siting-ev-charging-stations-hyderabad-cs.pdf
https://tsev.telangana.gov.in/
https://e-veg.gujarat.gov.in/assets/images/gujarat-pdf/EV%20Charging%20guidelines(3).pdf
https://e-veg.gujarat.gov.in/assets/images/gujarat-pdf/EV%20Charging%20guidelines(3).pdf
https://indextb.com/files/2024/6/32adfc25-2183-4602-8790-34c3dba6f29c_3.%20Setting%20up%20of%20EV%20Charging%20Stations.pdf
https://e-veg.gujarat.gov.in/assets/images/gujarat-pdf/EV%20Charging%20guidelines(3).pdf
https://theicct.org/wp-content/uploads/2024/01/ID-29-%E2%80%93-Haryana-charging_final.pdf
https://theicct.org/wp-content/uploads/2024/01/ID-29-%E2%80%93-Haryana-charging_final.pdf
https://investharyana.in/content/pdfs/EV%20Policy%202022.pdf
https://theicct.org/wp-content/uploads/2024/01/ID-29-%E2%80%93-Haryana-charging_final.pdf
https://rmi.org/wp-content/uploads/2020/07/EV-Readiness-Guide_Haryana_Lighthouse_Discom_Programme.pdf
https://mpurban.gov.in/Uploaded%20Document/guidelines/1-MPEVP2019.pdf
https://mpurban.gov.in/Uploaded%20Document/guidelines/1-MPEVP2019.pdf
https://nredcap.in/PDFs/2024/Andhra_Pradesh_Sustainable_Electric_Mobility_Policy_4_0.pdf
https://wbpower.gov.in/wp-content/uploads/Electric%20Vehicle%20Policy%202021%20(Kolkata%20Gazette%20Notification).pdf
https://wbpower.gov.in/wp-content/uploads/Electric%20Vehicle%20Policy%202021%20(Kolkata%20Gazette%20Notification).pdf
https://www.smev.in/smev-pdf-files/WB_EV%20Policy_22022022.pdf
https://odtransportmis.nic.in/EVCell/#/dashboard/service-info
http://olps.punjabtransport.org/Punjab%20Electric%20Vehicle%20Policy%20-%202022.pdf
http://olps.punjabtransport.org/Punjab%20Electric%20Vehicle%20Policy%20-%202022.pdf
https://pulseenergy.io/blog/electric-vehicle-charging-station-chandigarh-list
https://cgtransport.gov.in/Notification/ChhattisgarhStateEVPolicy2022English.pdf
https://pulseenergy.io/blog/electric-vehicle-charging-station-permitting-guidebook
https://pulseenergy.io/blog/electric-vehicle-charging-station-permitting-guidebook
https://cleanmobilityshift.com/wp-content/uploads/2022/10/Jharkhand-EV-Policy-2022.pdf
https://pulseenergy.io/blog/electric-vehicle-charging-station-permitting-guidebook
https://afdc.energy.gov/files/pdfs/51227.pdf
https://pulseenergy.io/blog/electric-vehicle-charging-station-permitting-guidebook
https://www.jiobp.com/products-and-services/EV-charging
https://odtransportmis.nic.in/EVBihar/#/dashboard/service-info
https://odtransportmis.nic.in/EVBihar/#/dashboard/service-info
https://goaev.in/ev-policy
https://goaev.in/ev-policy
https://industries.assam.gov.in/sites/default/files/swf_utility_folder/departments/industries_com_oid_4/portlet/level_2/ilovepdf_merged.pdf
https://industries.assam.gov.in/sites/default/files/swf_utility_folder/departments/industries_com_oid_4/portlet/level_2/ilovepdf_merged.pdf
https://startuputtarakhand.uk.gov.in/state_notifications/Acts,%20Policies,%20Rules%20&%20Regulations
https://startuputtarakhand.uk.gov.in/state_notifications/Acts,%20Policies,%20Rules%20&%20Regulations
https://www.evpedia.co.in/policies/jk-evpolicy
https://www.evpedia.co.in/policies/jk-evpolicy
https://evyatra.beeindia.gov.in/wp-content/uploads/2022/11/Himachal-Pradesh-EV-Policy-2022.pdf
https://evyatra.beeindia.gov.in/
https://www.meghalaya.gov.in/sites/default/files/documents/Meghalaya_Electric_vehicle_policy_2021.pdf
https://tripura.gov.in/tripura-electric-vehicle-policy-2022
https://manipurtransport.gov.in/wp-content/uploads/2025/01/Manipur-Electric-Moblility-policy-2022.pdf
https://chandigarh.gov.in/sites/default/files/jan2022/crest20-evpolicy22-2009.pdf
https://evyatra.beeindia.gov.in/wp-content/uploads/2022/12/Arunachal-Pradesh-Electric-Vehicle-Policy-2021-draft-4.pdf
https://static.pib.gov.in/WriteReadData/specificdocs/documents/2024/mar/doc202431317801.pdf

State Name Link to the Guideline

Andaman & Nicobar Click here
Sikkim Click here
D&D and DNH Click here
Lakshadweep Click here

Note: For the most current information, please refer to official state resources or the Ministry of Power's

publications.

State-Level Policies for EV Charging Infrastructure in India

The states and UTs play a pivotal role in advancing EV adoption and charging infrastructure, complementing
national initiatives. Many states have implemented tailored policies to address region-specific challenges and
leverage unique opportunities, focusing on fiscal incentives, infrastructural support, and demand generation.Almost
all the states have published their EV policies, offering demands and incentive to the consumers and also EV

charging deployment.

Emerging Themes in State Policies

1.Focus on Urban Infrastructure: Most states prioritize urban centers for deploying charging stations, targeting
high EV density cities like Bengaluru, Mumbai, and Delhi

2.Land and Capital Subsidies: States provide fiscal incentives, including land and equipment subsidies, to
attract private players to invest in public charging infrastructure

3.Public-Private Part nerships (PPPs) : Collaborations with private entities are encouraged to bridge funding

gaps and expedite infrastructure rollout

4.Tier-2 and Tier-3 Outreach: Some states, like Andhra Pradesh, are pushing EV adoption in smaller cities and
rural areas, to spread the EV adoption beyond the major cities

2.2 Global Outlook: EV Charging Infrastructure

The global electric vehicle (EV) charging infrastructure is experiencing rapid growth, driven by increasing EV adoption
and technological advancements. As of 2023, there were approximately 27 million home chargers worldwide, providing
150 GW of charging capacity, with projections indicating a tenfold increase by 2035.

2.2.1 EV Adoption Trends Across Countries

The Graph highlights China’s continued
dominance, contributing the largest share to
global EV sales, followed by Europe and North
America. The data shows exponential growth in
EV adoption, with global sales projected to
reach 16.7 million units in 2024, up from just 1.1
million in 2017, a 15x increase over seven
years.

Electric Vehicle Sales Head For Another Record Year
Annual passenger EV sales by region
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Figure 2.2 Reference: Bloomberg


https://evyatra.beeindia.gov.in/wp-content/uploads/2022/12/Andaman-Nicobar-Islands-Electric-Vehicle-Policy-2021-draft-2.pdf
https://transportdepartment.sikkim.gov.in/notificationdoc/notificationdoc-oy9Y9POeEfVhTj1qLYDIKOhDE8SHQZ61EvGwjO9N.pdf
https://www.dnhddpcl.in/
https://lakshadweep.gov.in/notice/draft-lakshadweep-electric-vehicle-policy-2025/

As we move into 2025, this surge in EV sales necessitates a corresponding acceleration in charging infrastructure
deployment and technological upgrades. The global charging ecosystem is adapting through:

. Massive infrastructure scale-up, especially in China, where nearly 70% of public charging piles are expected to
be installed by the end of 2025.

- Innovative technologies like Zeekr’s ultrafast charging and InductEV'’s wireless charging are set to reduce charge
times and enable dynamic charging for fleets and urban transit.

- Global standardization efforts, especially across Europe, aim to enhance compatibility and user convenience
across diverse charging networks.

In 2025, the global electric vehicle (EV) charging infrastructure is experiencing significant growth and technological
advancements:

Public Charging Expansion

Europe is projected to surpass 1 million public charging points, while North America aims to reach 360,000.
China continues to lead, with public charging stations expected to reach 3.6 million units, accounting for nearly
70% of the global total.

Wireless Charging Innovations

Companies like InductEV are pioneering wireless charging solutions that allow EVs to charge while in motion
or during brief stops. These systems, already adopted by several municipal transit agencies in the U.S.,
enhance efficiency and reduce downtime.

Ultrafast Charging Technologies

Zeekr has introduced ultrafast charging capabilities, enabling EVs to charge from 10% to 80% in under 11
minutes. This advancement significantly reduces charging times, addressing one of the major concerns of EV
users.

Standardization Efforts

Regions like Europe are working towards unified charging standards to ensure seamless EV integration
across markets, facilitating cross-border travel and interoperability.



2.2.2 Innovations in EV Charging (Wireless, V2G Technologies, etc.)

The electric vehicle (EV) industry is in a transformative era, driven by groundbreaking technological advancements that
are reshaping the future of mobility. From innovative battery chemistries to cutting-edge charging solutions, these
developments aim to enhance efficiency, extend driving ranges, and improve user convenience. Additionally, the
integration of autonomous driving technologies and bi-directional charging capabilities underscores the industry’s
commitment to creating a sustainable and interconnected transportation ecosystem. As these innovations gain
momentum, they promise to address current challenges while paving the way for a cleaner, smarter, and more efficient
automotive landscape.

Smart EV Charging

Smart charging systems optimize energy use by
adjusting charging speeds based on grid
capacity and vehicle requirements. This
intelligent management reduces costs and
minimizes grid impact, promoting efficient
energy distribution.

Plug & Charge Technology

Based on IS/ISO 15118-2 standards, plug & charge | “ .
technology streamlines the charging process by | 14y
enabling automatic communication between the EV
and charger upon connection. This innovation
simplifies user experience and enhances
convenience.

Transition to OCPP 2.0.1

The latest Open Charge Point Protocol (OCPP) 2.0.1
offers improved security, data collection, and efficient
management of charging networks, supporting the
evolution of public charging infrastructure.




Vehicle-to-Grid (V2G) Technology

V2G technology allows EVs to supply energy back to

the grid, aiding in grid stabilization during peak
demand and facilitating the storage of excess
renewable energy. This bidirectional energy flow
transforms EVs into mobile power sources.
Bi-directional charging has significant potential to
transform EVs into flexible energy resources,
contributing to smarter and more sustainable energy
systems.

Charging-as-a-Service (CaaS)

CaasS platforms dispatch mobile charging units
to EVs in need, providing on-the-move charging
solutions. This approach enhances convenience

and addresses challenges related to charging
infrastructure availability.

~y

Wireless Charging

Wireless charging employs electromagnetic fields to
transfer energy without physical connectors, offering
a user-friendly and seamless charging experience.
This technology reduces wear on charging ports and
is expected to become more prevalent as
infrastructure develops.

But on flipside is it has higher energy losses and less
efficient compared to plug in charging.




Battery Innovations and Implications

for EV Charging

Advancements in battery technology are directly
influencing the evolution of EV charging infrastructure.
New-generation batteries are enabling faster charging
speeds, longer driving ranges, and enhanced safety,
all of which affect how charging stations are designed
and deployed.

Faster-charging battery chemistries now allow EVs
to handle high-power inputs, making fast DC
charging (e.g., 150-350 kW) increasingly viable. This
reduces charging times significantly from over an
hour to just 10-15 minutes in some cases, improving
user convenience and enabling quicker turnover at
public charging stations.

However, high-speed charging increases thermal
stress and requires robust battery thermal
management and monitoring systems. This also
places new demands on charging infrastructure in
terms of power quality, thermal safety, and
equipment durability.

Going forward, battery development will continue to
shape the direction of EV charging by:
« Increasing compatibility with high-voltage, high-
current systems.
. Necessitating better load balancing and grid
management.
« Driving the need for smart charging solutions that
protect battery life during high-speed charging.
These innovations underscore the critical interplay
between battery capabilities and charging infrastructure
planning, both of which must evolve in tandem to
support future electric mobility.




3. EV Charging Technologies & Emerging Areas

3.1 Types of EV Charging

3.1.1 AC and DC Charging

AC charging DC Charging
. Usage: Directly sends DC power to the
vehicle's battery via the charge port; no
onboard charger required.

. Usage: Common for home/private charging,
using upto 230V/32A single-phase plug
delivering up to 11 kW and 400V/63A three-

phase plug delivering upto 22kW. « Power: Typically 50 kW or more, providing

« Function: Supplies AC power to the
vehicle's onboard charger, which converts it
to DC for the battery.

100+ km of range per hour.
« Purpose: Ideal for fleet users, cab companies,

and corporate users for quick top-ups.

EV Charger Char'glng Type of EV EV Point V'ehlcle
Type of Charger Cabcit Device/ Charaer Plug / inlet/
petly Protocol 9 Socket Connector
. IS 17017
I(_Jlgg: EeVPﬁiCr:ﬂ (for IS 17017 Bluetooth Low (Part 2/Sec
9 Up to 7 kW (Part IS 60309 7),1S 17017
2W, 3W and 4W — Energy
22/Sec 1) (Part 2/Sec
M1 Category) 2)
Power
Level 1 Light EV DC IS17017 IS17017
Charge Point (for Up to 12 kW IS17017 (Part 25) [CAN] (Part 2/Sec (Part 2/Sec
2W, 3W Category) 6) 6)
Light EV AC/DC Up to 7 kW IS17017 IS17017
Combo (for 2W, (AC) orupto IS17017 (Part 31) (Part 2/Sec (Part 2/Sec
3wW) 12 kW (DC) 7) 7)
Sower Zi;izzypi%t for | NomalPower |\ o0 1517017 1517017
Level 2 3W and 4W — M1 ~11kW / 22 (Part 1) 1IS15118 [PLC] | (Part 2/Sec (Part 2/Sec
kw 2) 2)
Category)




EV Charging

TZT;’::: Purpose Procedure T)é:ea:f;v Charger Device /
P 9 Capacity Protocol
DC Charging
Power Protocol (for 4W DC 50 kW to 1S17017 IS17017( Part I1S17017 I1S17017
Level 3 (M1 Category), 250 KW (Part 23) 24) [CAN], (Part (Part
Buses and Trucks 1IS15118 [PLC] 2/Sec 3) 2/Sec 3)
(M3 Category))
DC High Power for | 1y o IS17017 (Part | 1S17017 1S17017
Power e-Bus and Trucks IS17017
Level 4 Charging Station Power (250 (Part 23) 24) [CAN], (Part (Part
ging KW to 500 kW) IS15118 [PLC] | 2/Sec 3) 2/Sec 3)
(M3 Category)

Indian Standards for EV Chargers Notified by BIS

3.2 Classification of Charging Stations in India

3.2.1 Private Charging Stations in India

A Private EV Charging Station is installed for personal use, generally within residential premises, housing societies, or
private properties, and is not accessible to the public.

Specifications:
Installed primarily for personal vehicles or a limited user group.

Location:
Residential buildings, private properties, or dedicated areas within gated societies.
Not open for commercial operations; only the owner and approved users can access it.

Does not require licenses for installation under the Electricity Act, 2003.
May include AC chargers or wall-mounted home chargers (like AC Type 2 chargers).

3.2.2 Public Charging Stations

A Public EV Charging Station is open to the public for charging electric vehicles and complies with government
standards and guidelines.

Key Features
Accessibility:

Available to all electric vehicle users without any access restrictions, promoting inclusive and seamless charging.



Infrastructure Requirements:

« For light EVs (2W, 3W, and small 4W), minimum provision of either 7 kW AC or DC chargers is recommended.

- For larger four-wheelers: At least one DC charger compliant with CCS (Combined Charging System).

. Stations serving long-range or heavy-duty EVs should install a minimum of two 240 kW DC chargers as per Power
Level 3 or 4 standards (IS17017 (Part 23), IS17017 (Part 24).

Data Integration:
« Real-time updates must be shared with the national database maintained by BEE.
. Stations should provide information like location, charger type (AC/DC), available units, and pricing.

« Use of open communication protocols such as UEI, OCPP, OCPI, and Open ADR is encouraged for real-time data
exchange and demand response compliance.

Public Charging Scenarios

Description
Urban Centers Stations in urban areas driven by government and private Rapid adoption in cities
initiatives to meet growing EV demand. like Delhi, Bengaluru.
Highway DC Chargers (30 min - 1 hour) for intercity travel on major Delhi-Mumbai and
Chargin highways Mumbal-Pune
ging ghways. Expressways.
Commercial Multiple chargers for private vehicles and fleets Tata I'Dower, Indian (.)II
Charging Hubs (taxis/delivery) hubs in urban and high-
ging ¥). traffic areas.
Charging at Petrol Integration of EV chargers in existing petrol stations to 10C, BPCL, HPCL adding
fast chargers at select
Pumps expand reach.
outlets.
g:::n}:nlty Renewable energy-powered stations (solar/wind) for rural and Solar-powered charging
g_; g grid-limited areas. for sustainability goals.
Solutions




3.2.3 Captive Charging Stations

Captive EV Charging Stations are dedicated to specific fleets owned or operated by a single organization, such as

corporate fleets, government vehicles, or logistics companies.

Key Features

- Restricted Usage:
o Exclusively used for charging an
organization’s fleet; not accessible
to the general public.

- Location:
o Found at fleet operating centers,
company parking lots, or industrial
facilities.

. Charging Requirements:
o Designed for frequent and high-
power charging needs.
o Often equipped with DC chargers
(e.g., CCS2,)for quick turnaround.

Captive Charging Scenarios

Type Description

Electric buses are charged overnight using 30-50kW
chargers, sufficient for daily routes.

Bus Depots

Ideal for municipal and
public transit operators.

Designed for overnight charging of buses, trucks, and other
fleet vehicles.

Fleet Depots

Ensures cost-effective
and uninterrupted energy
for daily operations.

In-Depot
Overnight
Charging

Uses slower, affordable chargers during off-peak hours,
benefiting from lower nighttime electricity rates.

Suitable for
medium/heavy-duty
vehicles like trucks and
delivery fleets.
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3.2.4 Battery Swapping Stations

Battery swapping, although not directly relatable to EV charging solution from the process point of view, is a practical
solution for two- and three-wheelers, allowing depleted batteries to be exchanged for charged ones at designated
stations. The designated swap stations may have facilities for charging of depleted batteries and their storage. It
addresses range anxiety, reduces charging times, and overcomes infrastructure constraints.

Types of Battery Swapping

Manual Swapping:

Used For: 2W and 3W applications.
Features: Modular, minimal space required, batteries swapped by
hand.

Autonomous Swapping:

Used For: 4W and e-buses.

Features: Semi/fully automated with robotic arms; handles larger,
heavier batteries.

Limitations: Expensive, higher land requirements.
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4. EV Charging Infrastructure Components

EV Charger

Distribution Panel

Energy Meter

Distribution Panel

Copper Cables

Figiure 4.1



4.1 Power Supply and Interfaces

The Power Supply and Interfaces form the backbone of any EV charging station, ensuring the efficient transfer of

electricity from the grid to electric vehicles. These systems manage the connection between the power grid and the

charging equipment, enabling safe and reliable energy delivery to EVs. The power supply and interfaces comprise of

grid connection including transformers, power converters, power cables and circuit breakers.

4.1.1 Grid Connections including Transformers

Grid connections provide supply of electricity to EV charging stations. The type of connection chosen affects power

availability, cost, and system efficiency.

Types of Grid Connections

Direct Connection

o

What it is: Simple connection to the existing
electrical grid without additional modifications.
Function: Supplies power directly from the grid
to the EV charging station.

Applications: Suitable for small-scale chargers
(home/private chargers) where demand is low.
Advantages: Cost-effective and easy to
implement.

Limitations: May lead to grid instability during

peak loads if not monitored.

Smart Grid Connection

o

Dedicated Connection

o

What it is: Independent connection established
exclusively for the charging station.

Function: Provides a stable and higher quantity
of -power without affecting the local grid.
Applications: Public fast-charging stations,
highway charging hubs, and commercial
depots.

Advantages: Prevents overloading of local
electrical networks, ensures consistent power
supply.

Limitations: Higher installation and operational

costs due to separate infrastructure.

What it is: Integration with a smart grid system that enables real-time communication and energy

management.

Function: Balances energy supply and demand dynamically, integrates renewable energy sources, and

optimizes grid usage.

Applications: Large-scale charging hubs, fleet depots, and urban charging networks.

Advantages:

= Improves grid efficiency and reliability.

= Reduces operational costs by leveraging off-peak electricity rates.

= Supports renewable energy usage (e.g., solar, wind).

Limitations: Requires advanced infrastructure and higher upfront investment.



4.1.2 Power Convertors

Power converters enable the conversion of electrical power to a format suitable for charging electric vehicles. They
ensure compatibility between the grid and the vehicle’s battery. These are devices that convert electrical power (AC to

DC or DC to DC) to match the requirements of EV batteries.

Types of Power Converters

AC-DC Converters (Rectifiers) :
o Function: Converts alternating current (AC) from the grid to direct current (DC) for charging EV batteries.

o Applications: Used in DC fast chargers.

DC-DC Converters:
o Function: Adjusts DC voltage levels for different battery specifications.

o Applications: Used in onboard charging systems or for inter-stage voltage regulation.

Bidirectional Converters:
o Function: Allows energy flow in both directions Vehicle to Grid (V2G) .

o Applications: Used in advanced charging setups integrating smart grid technology.

Functions of Power Converters

. Voltage Regulation: Ensures the correct voltage level is supplied to the EV battery.
« Current Management: Controls the flow of current to avoid overloading.
. Efficiency Optimization: Reduces energy losses during conversion.

Applications

. Used in fast-charging stations, battery swapping systems, and onboard vehicle chargers.
. Essential for managing energy in systems integrated with renewable sources like solar or wind.

Advantages

- Improves charging efficiency.
« Ensures compatibility between the grid and various EV models.
. Enables advanced features like V2G and load management.



4.1.3 Power Cable (as per NEC) Circuit Breakers

Circuit breakers are vital safety devices in EV charging stations, protecting the electrical system from overcurrent, short
circuits, and faults. These are the devices that automatically disconnect the electrical supply when abnormal currents

(overcurrent or short circuits) are detected.

Types of Circuit Breakers
1.Miniature Circuit Breakers (MCBs)
2.Molded Case Circuit Breakers (MCCBs)
3.Residual Current Circuit Breakers (RCCBs)
4.Smart Circuit Breakers
5.AC Breakers

Functions of Circuit Breakers

. Overcurrent Protection:
Prevents damage to the system by breaking the circuit during high
current flow.

. Short Circuit Protection:
Disconnects the power supply in case of sudden electrical faults.

. Ground Fault Protection:
Detects leakage currents and stops power flow to ensure user safety.

. System Monitoring:
Smart breakers provide data insights for performance and maintenance.

Applications

« Used in all types of EV charging setups, including home chargers, public stations, and fleet depots.
« Integrated into charging station panels and power distribution units.

Advantages

« Prevents damage to expensive EV charging equipment.
. Enhances user safety by mitigating risks of electric shocks and fire.
- Supports system reliability and compliance with safety standards.
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4.2 Charging Cables and Connectors

4.2.1 Cables

Cables are a critical component of EV charging infrastructure, facilitating the safe and efficient transfer of electrical
power from the station to the vehicle. Their quality, durability, and compliance with relevant standards directly
impact the safety, reliability, and performance of the charging process. Proper cable selection and installation
prevent electrical hazards, overheating, and equipment malfunctions, ensuring long-term operational stability.

Types of EV Charging Cables

AC Charging Cables DC Charging Cables

o Used for Mode 2 and Mode 3 charging o Designed for Mode 4 fast charging stations
applications. that supply high-voltage DC power directly

o Require insulation, shielding, and to the vehicle battery.
mechanical durability to withstand o Must withstand higher currents and
prolonged use. voltages (up to 1500V DC) while

o Typically rated for single-phase (230V) or maintaining flexibility and thermal stability.
three-phase (400V) charging. o Require enhanced insulation and

shielding to prevent electromagnetic
interference (EMI).

Coiled (Spiral) Cables
o Designed for compact and organized installations, allowing for easy cable retraction.
o Suitable for both AC and DC charging applications where space constraints exist.

o Must maintain mechanical resilience and flexibility under repeated stretching and compression.

Functions of EV Charging Cables

. Power Transmission
o Transmits electrical power from the charging station to the vehicle, ensuring a stable
and efficient connection.

. Safety Assurance
o Insulated and shielded to prevent electrical shocks, short circuits, and fire hazards.
o Designed to withstand high currents without overheating.

. Data Transmission
o Some cables incorporate communication lines to facilitate real-time data exchange
between the EV and the charging station.
o Enables smart charging, load balancing, and energy management.




4.2.2 Electrical Distribution System for EV Charging Infrastructure

A robust electrical distribution system ensures that EV charging stations operate safely, efficiently, and reliably. From
the grid to the vehicle, this system comprises well-integrated components that manage voltage transformation, energy
metering, safety protections, and precise control of power flow. Below is a detailed breakdown of the electrical path

using real-world configurations from high-capacity installations like bus depots to simpler residential setups.

A. High-Capacity Chargers (e.g. Bus Depots)

This is typically used in fleet depots and transport hubs for heavy vehicles like electric buses.

Transmission line
33KV 1KV

Secondary Side breakers Qutgoing MCCB to DB
with interlocks MCCE , MOO lype

X MECE | MDO type
Trivector meter with OC 5C EIF release

Circuit Breaker Transformer LT Panel DB Mear charger
r With Panal metars MCCE fixed type with SC 0T releass Electric
CT Volimeter Ammeter ChFiI'QE-' Unit Bus

Figiure 4.2
Flow Breakdown:

- Transmission Line (33/11 kV) — Ultility input

« Circuit Breaker — Fault protection

« Trivector Meter — Billing and monitoring

- Transformer (33/11 kV to 440V) — Voltage step-down

. Secondary Side MCCBs — Interlocked breakers for safety

« LT Panel — Distribution across charger feeders

. Outgoing MCCBs — Feeds to DB near chargers

. DBs Near Chargers — Individual protection and metering

. Charger Units — Power conversion, safety, communication

« EV (e-bus) — Final power delivery

This layout scales based on charger quantity and capacity (e.g., 30 kW or 100 kW per unit), with parallel cable runs
and interlocked protections.
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B. Public Charging Stations for Light EVs
In smaller public setups, chargers are often added to an existing installation—drawing power from an existing
LT panel or DB.

Human Machine

Metering Interface (HMI)

. Feeder from LT Panel / DB

Communication

module . Dedicated MCB/MCCB for the charger
cmtzﬁﬁ: _l . Isolated DB (if needed) near charger
Safety & - Charger Unit (AC or DC)

protection . EV (2W/3W/4W)
Charging _

cabils This system is simpler but requires proper load validation

Cooling

o and safety coordination, especially for shared electrical
ni

infrastructure.

DB near
Charger unit

Charger Unit

Figiure 4.3

C. Residential/Domestic Charging

In private homes or aPart ments, chargers are typically connected directly to a power socket.

Key Elements:
. Single-Phase 230V Socket @

POWER CABLE

. MCB + RCD Protection & PLUG
. Portable Charger with Communication & Safety @

SINGLE-PHASE
Features AC SOCKET

. Charging Cable to EV Port

EV CHARGING
FORT
(D INPUT T BMS)

This plug-and-play setup is widely used for 2-wheelers

and small 4-wheelers, where the current demand is JFOWER
modest (~3.3-7.4 kW) -

INTERLOCKS
K0 CHECK
P CUT-OFF

Figiure 4.4




4.2.3 Electrical Safety Requirements in Charging Cables

Safety is a critical aspect of EV charging cables to ensure secure power transfer and prevent hazards during the
charging process. Proper design, standards compliance, and maintenance of cables are essential for operational

reliability and user safety.

Specification Requirement

Cables must handle the required power output without overheating or exceeding

Current-Carrying Capacity safety limits

The voltage rating of the applicable EVSE (Electric Vehicle Supply Equipment), shall

Voltage Ratings be compliant with corresponding part of IS 17017.

Designed to withstand harsh environmental conditions such as UV exposure,

Durabilit ) .
y moisture, and mechanical wear.

Equipped with electromagnetic shielding to prevent interference with nearby devices

hieldi . s
Shielding and ensure uninterrupted communication.

High-quality wear-resistant insulation to ensure longevity and prevent dielectric

Insulation Quality breakdown

Must maintain flexibility over a wide temperature range and be stored securely when

Flexibility and Storage not in use, followingas per the applicable Part of IS 17017.

Materials used in cables should be must be flame-retardant and meet applicable fire

Fire Resistan
Ire Resistance safety standards for electrical cables.

Standards and Compliance

. |IEC 62893: Performance and safety specifications for EV charging cables.
. IS 17017: Indian standards for electrical safety in EV charging infrastructure. IS 17017 (Part 1), clauses
11, 13, 16.4, (IS 17017 Part 2/Sec 1) clauses 3.1, 25


https://www.mahadiscom.in/consumer/en/electric-vehicle-circulars/
https://www.mahadiscom.in/consumer/en/electric-vehicle-circulars/
https://powermin.gov.in/sites/default/files/webform/notices/Final_Consolidated_EVCI_Guidelines_January_2022_with_ANNEXURES.pdf
https://powermin.gov.in/sites/default/files/webform/notices/Final_Consolidated_EVCI_Guidelines_January_2022_with_ANNEXURES.pdf
https://pulseenergy.io/blog/ev-charging-station-business-bangalore
https://pulseenergy.io/blog/ev-charging-station-business-bangalore
https://chargemod.com/blog/EV-Charging-Station-Guide-for-Kerala1729082946Wt0
https://chargemod.com/blog/EV-Charging-Station-Guide-for-Kerala1729082946Wt0
https://ecogears.in/ev-charging-station-in-tamil-nadu-price-installation-revenue-model/
https://ecogears.in/ev-charging-station-in-tamil-nadu-price-installation-revenue-model/
https://invest.up.gov.in/wp-content/themes/investup/pdf/Guidelines-for-setting-up-Public-Charging-Stations-dtd-4-8-2020.pdf
https://invest.up.gov.in/wp-content/themes/investup/pdf/Guidelines-for-setting-up-Public-Charging-Stations-dtd-4-8-2020.pdf
https://istart.rajasthan.gov.in/public/pdf/REVP_2022.pdf
https://istart.rajasthan.gov.in/public/pdf/REVP_2022.pdf

4.2.4 Connectors

Connectors and plugs are critical components of EV charging infrastructure, ensuring a secure and reliable connection
between the charging station and the electric vehicle. They vary by charging type, vehicle compatibility, and regional
standards.

Connectors: Interface components attached to the charging cable that connect to the vehicle's charging port.

Plugs: Components attached to the cable that connect to the charging station or power source.

Connector Specifications:

L. Relevance to Reference
Connector Type Description .
EV Charging Standard
Tvoe 2 Used for AC charging, supporting single- V\::\(/j:tz ng(ihfg: ?::bhc and IS 17017 (Part
P phase and three-phase connections. P ) ging 2/Sec 2)
stations.
Type F.F’ ccs2 . Suppgrts both AC (Type .2) and DC fast Standard for fast charging IS 17017 (Part
(Combined Charging | charging, combining multiple : .
- L . in India and globally. 2/Sec 3)
System) functionalities in a single connector.
Type AA, Specialized DC fast-charging connector, Some legacy DC charging IS 17017 (Part
CHAdeMO primarily used for older EV models. setups in India. 2/Sec 3)
Designed for DC charging of light electric
vehicles (LEVs) operating up to 120V DC | Enhances interoperability
Tvoe 6 and 100A. Features a locking mechanism | for 2Ws and 3Ws, IS 17017 (Part
yp on the charger side, facilitating easy promoting standardized 2/Sec 6)
integration with existing vehicle charging infrastructure.
architectures.
An advanced connector standard for Expected to cater to future
LEVs, aiming to support higher voltage . P . IS 17017 (Part
Type 7 ) ) high-speed charging needs
and current ratings for faster charging, AC ; . 2/Sec 7)
. . of 2Ws and 3Ws in India.
charging and DC Charging




Functions of EV Charging Connectors

. Provides a secure electrical connection for power transfer.
. Enables communication between the charger and the vehicle for energy management.
. Ensures safety through locking mechanisms and insulation.

Key Standards
IS 17017 (Part 2) Plugs, Socket - Outlets, Vehicle Connectors and Vehicle Inlets

« Sec 1 (2020) — General requirements for plugs, socket outlets, vehicle connectors, and vehicle inlets.

. Sec 2 (2020) — Dimensional compatibility and interchangeability requirements for a.c. pin and contact-tube
accessories.

. Sec 3 (2020) — Dimensional compatibility and interchangeability requirements for d.c. and a.c./d.c. pin and contact-
tube vehicle couplers.

« Sec 6 (2021) — Dimensional compatibility requirements for d.c. pin and contact-tube vehicle couplers intended to be
used for d.c. EV supply equipment where protection relies on electrical separation

. Sec 7 (2023) — Dimensional compatibility and interchangeability requirements for a.c., d.c., and a.c./d.c. pin and
contact-tube vehicle couplers intended to be used for a.c./d.c. EV supply equipment where protection relies on
electrical separation

CEA Regulation 124 (10) A vehicle connector used for direct current charging shall be locked on the vehicle inlet if the
voltage is higher than 60 V DC and in case of charging system malfunction, a means for safe disconnection shall be
provided.

CEA Regulation 124 (13) The electric vehicle connector shall not unlock if the voltage between the vehicle connector
and the earth is more than 60 V.

Type 2 Type FF Type AA Type 6 Type 7
Connector (CCS 2) (CHAdeMO) connector connector
connector connector



4.3 Cables and Cable Management Systems

Cables are the lifeline of any EV charging system, responsible for transferring electrical energy safely from the grid to
EVSE and From EVSE to EV to the electric vehicle. Given the high-power demands and continuous load cycles, EV
charging cables must meet stringent electrical, thermal, mechanical, and environmental performance criteria. Proper

cable management systems further ensure safety, reduce wear and tear, and maintain operational efficiency.

4.3.1 Cable Types and Applications

Internal Wiring (within EVSE) :
Includes wiring between breakers, contactors, controllers, and the connector interface. Requires high-temperature,

flame-retardant cables, generally copper-based, with superior flexibility and insulation.

External Charging Cables (EV to EVSE) :
Must be wear-resistant, UV-stable, moisture-sealed, and capable of handling voltages up to 1000V DC. These are
usually integrated with the EVSE (Mode 3) or detachable (Mode 2).

4.3.2 Material Considerations

. Conductor Material — Copper:
Copper is the preferred conductor material due to its:
o High conductivity, minimizing energy losses.
o Excellent mechanical flexibility, allowing for repeated handling.

o Corrosion resistance and durability, especially under outdoor conditions.

« As per IS 17017 (Part 2/Sec 1), the cables used to connect the grid to the EVSE must exclusively utilize copper or
copper-alloy conductors to ensure safety and compliance.. Aluminum is not recommended due to its lower

conductivity and connection reliability.

. Insulation and Sheathing:
Must be selected based on environmental and electrical stress:
o XLPE : For high thermal resistance (up to 125°C).
o TPU or TPE: For flexibility and abrasion resistance.

o PVC (IS 694) : For low-cost, moderate-temperature applications.

. Cable Length Considerations:
o Standard external cables range from 3 to 7 meters.
o For longer runs, cross-sectional area must be increased to manage voltage drop and thermal buildup.

o Length should also consider user accessibility and connector storage design.



4.4 EVSE Specifications (On-board and Off-board)

Electric Vehicle Supply Equipment (EVSE) comprises all the hardware and software components required to deliver

energy from the electricity grid to the electric vehicle (EV). This includes both on-board and off-board systems:

. On-Board EVSE: Integrated within the EV, mainly responsible for converting AC from external sources into DC to
charge the battery.

. Off-Board EVSE: External to the EV, typically converting AC to DC before delivering it directly to the battery
through DC fast charging.

Both systems play a pivotal role in ensuring safe, efficient, and standardized charging across public, private, and
commercial EV infrastructure.

4.4.1 On-Board Chargers

Definition:
On-board chargers are integrated within the electric vehicle (EV) and are responsible for converting alternating

current (AC) from external sources into direct current (DC) to charge the vehicle's battery.

On-Board EVSE Components
. On-Board Charger (OBC)
Converts AC power received from the charging station into DC to charge the vehicle’s battery. Usually rated for slower
charging (3.3 kW to 22 kW).
« Vehicle Inlet
The interface where the EV connects to the external charger. Designed as per connector standards like Type 2,
or CCS 2
. Battery Management System (BMS)
Monitors battery status, temperature, and current, ensuring safe charging operations. It also communicates with the
EVSE to control charge rate.
« Internal Wiring and Protective Circuits

Manages internal distribution of power, including protective fuses, relays, and isolation circuits.

Key Specifications:
. Voltage Range: Up to 1000 V AC
- Power Levels: Typically up to 22 kW for AC charging.
. Communication Protocols: Supports protocols like ISO 15118 for vehicle-to-grid communication.

. Connector Types: Type 2 connectors as per IS 17017 (Part 2/Sec 2).



4.4.2 Off-Board Chargers

Definition:
Off-board chargers are external charging stations that supply DC power directly to the EV's battery, bypassing the
vehicle's on-board charger.

Off-Board EVSE Components
« Power Conversion Unit
Converts grid-supplied AC power into regulated DC output (in case of DC fast chargers).
. EVSE Controller
Manages communication with the vehicle, initiates charging, and ensures safety protocols are followed.
« User Interface & Display
Provides charging information, fault messages, energy delivered, and payment options.
. Communication Modules
Interfaces such as OCPP (for backend integration), ISO 15118 (vehicle-to-charger communication), and RFID/NFC for
user authentication.
. Connectors and Cables
Standardized hardware used to deliver power from the EVSE to the EV. Must comply with IS 17017 (Part 2) for safety,
durability, and compatibility.
« Metering System
Measures energy consumed during a charging session for billing and monitoring purposes.
« Protection Devices
Includes RCDs, SPDs, MCBs, and temperature sensors to detect faults and disconnect power when necessary.
. Cooling System (for high power DC chargers)
Uses air or liquid cooling to maintain optimal temperature of power electronics and charging cables.
- Grounding and Earthing Setup
Ensures user and equipment safety by discharging fault currents safely into the earth.

Key Specifications:
. Voltage Range: Up to 1500 V DC.
. Power Levels: Ranging from 22 kW to 200 kW, catering to various vehicle categories.
. Communication Protocols: Includes CAN and PLC (Power Line Communication) as per ISO 15118.
« Connector Types: CCS2, Type 6 and Type 7 connectors as specified in IS 17017 (Part 2/Sec 3, 6, and 7), IS
17017 (Part 23), IS 17017 (Part 25), IS 17017 (Part 30), IS 171017 (Part 31)



4.5 Electrical Safety and Protection Devices

4.5.1 Residual Current Devices (RCDs)

Residual Current Devices (RCDs) are critical safety components in EV charging systems, designed to prevent electric
shocks and protect against ground faults. They detect leakage currents that exceed safe thresholds and immediately

disconnect the circuit to mitigate potential hazards.

Types of RCDs

. Type AC: Detects only pure sinusoidal alternating current (AC) leakage (50/60 Hz). It is suitable for simple resistive

loads but not recommended where DC components may be present.

. Type A: Detects both AC leakage and pulsating DC leakage currents. It can tolerate smooth DC currents up to 6
mA, making it suitable for electronic appliances that may generate such leakage. However, it does not detect
higher-frequency or smooth DC currents beyond this limit.

. Type F: Detects all leakage currents detected by Type A and offers added protection against mixed frequencies

(up to 1 kHz). It tolerates smooth DC residual currents up to 10 mA.

. Type B: Provides the highest level of protection, detecting AC, pulsating DC, smooth DC, and high-frequency
residual currents. It is the recommended type for EV charging stations due to the presence of rectifiers and high-

frequency converters in EVSE that can produce complex leakage currents.

RCDs Commonly Used in EV Charging Installations

As specified in NEC 2023 Part 3, Section 15, Clause 5.3.2.2.101:
- Where an EV charging station includes socket-outlets or vehicle connectors, additional protection against DC fault
currents must be implemented unless such protection is already integrated.
« The prescribed protective options include:
o Type B RCD - Preferred for comprehensive protection.
o Type A RCD + RDC-DD — Type A used in conjunction with a Residual Direct Current Detecting Device (RDC-
DD)
o Type F RCD + RDC-DD - Type F paired with RDC-DD for enhanced protection against mixed frequencies and
DC leakage.
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4.5.2 Overcurrent Protection Devices (OCPDs)

Overcurrent Protection Devices (OCPDs) are essential for safeguarding EV charging stations against risks caused by
excessive current, including equipment damage, overheating, and fire hazards. These are devices that detect and

interrupt electrical circuits when current exceeds safe operating levels.

Types of OCPDs

« Fuses
« Circuit Breakers

. Smart Breakers

Applications:

. Charging Stations:
Integrated into AC Level 1/2 chargers and DC chargers to safeguard power delivery circuits.Coordinated with
ground fault and surge protection devices for comprehensive safety.

- Onboard EV Chargers:
Protects onboard conversion equipment and power modules within the vehicle.

« Distribution Panels:
Installed in electrical distribution systems feeding EVSE (Electric Vehicle Supply Equipment), ensuring
upstream circuit protection.

CEA Regulation 124(1) Electric vehicle charging stations shall be provided with separate protection against the

overload of input supply and output supply as per relevant standards.



4.5.3 Surge Protection Devices (SPDs)

Surge Protection Devices (SPDs) are specialized components engineered to shield electrical systems from transient
overvoltage events, such as those induced by lightning strikes, switching operations, or electrical faults. They are

integral to maintaining system integrity by limiting voltage surges to safe levels.

Types of SPDs

. Type 1 (Class |) : Installed at the service entrance, handles high energy surges.
« Type 2 (Class ll) : Installed downstream, deals with residual surges.

. Type 3 (Class Ill) : Installed at the point of use for precise, localized surge suppression.

Functions

- Diverts excess voltage safely to the ground.
. Protects EV chargers, cables, and connected electronics from damage.
« Ensures system reliability and reduces downtime

Applications
SPDs are strategically deployed across EV charging systems to provide comprehensive protection:

- Main power inputs: At the interface between the utility grid and the charging station, mitigating external

surge impacts.
. Intermediate power distribution: Within the charging unit, safeguarding controllers, inverters, and

distribution circuits.
. Charging outlets: At the vehicle interface, preventing surge propagation to the EV’s electrical systems.

4.5.4 Arc Fault Detection Devices (AFDDs)

Arc Fault Detection Devices (AFDDs), are critical safety devices that detect and mitigate electrical arcs, which can
cause fire hazards in EV charging stations. These devices are essential for ensuring safe operation in high-power

charging environments. Reference (IS 17129)

Types of Arc Fault Detection Devices (AFDDs)

. Branch/Feeder AFDDs: Provide protection for the entire branch circuit from arc faults.

. Combination AFDDs: Detect both series and parallel arcs, offering enhanced protection.

. Outlet AFDDs: Provide localized arc fault protection at individual charging outlets.

Functions

. Detects arc faults caused by damaged cables, loose connections, or worn-out insulation.
. Disconnects the circuit when hazardous arcing is detected to prevent overheating and fire.
. Enhances overall safety by mitigating fire risks in EV charging installations.



Applications

. EV Charging Stations: Used in both public and residential EV chargers to prevent fire hazards.

. Battery Management Systems (BMS) : Integrated into EV battery systems to monitor electrical currents.

. Cable Assemblies and Connectors: Applied in high-use components to ensure safe operation and
prevent electrical fires.

4.5.5 Voltage Monitoring Devices

Voltage Monitoring Devices (VMDs) are crucial components in EV charging stations that continuously monitor voltage
levels to ensure safe and reliable operation. These devices are designed to measure and monitor voltage levels in real-
time and facilitate protection of charging infrastructure and vehicle against overvoltage, undervoltage, and voltage
imbalances.

Types of Voltage Monitoring Devices

. Overvoltage Protection Devices: Detect and disconnect the circuit when voltage exceeds safe limits.
. Undervoltage Protection Devices: Monitors for voltage drops that can cause equipment underperformance.

. Voltage Imbalance Detectors: Identifies and corrects phase imbalances in three-phase systems.

Functions

- Real-Time Monitoring: Tracks voltage levels and provides alerts during anomalies.
. System Protection: Prevents damage to EVs and charging equipment caused by voltage fluctuations.
. Operational Safety: Ensures stable voltage supply to maintain charging efficiency.

Applications

. EV Charging Stations: Installed within charging units or as Part of the electrical distribution system.
. Electric Vehicles: Integrated into the on-board charging system to monitor and regulate the battery
charging process.

. Energy Management Systems: As Part of larger systems for monitoring and controlling power distribution
at facilities or grid-level EV infrastructure.

4.5.6 Isolation Transformers

Isolation transformers provide electrical isolation between the power source and the connected equipment. They
enhance safety, protect against faults, and improve system reliability. These devices transfer electrical power from a

source to load while electrically isolating the two to prevent direct current paths and faults.



Types of Isolation Transformers

. Single-Phase Transformers: Used for low-power applications, providing isolation for small-scale setups.
. Three-Phase Transformers: Handles higher power loads and provides isolation for large-scale setups.

« K-Factor Transformers: Designed for harmonic mitigation to improve power quality.

Functions

. Electrical Isolation: Prevents direct electrical contact between the grid and EV charging equipment.
. Safety Enhancement: Protects users and devices from faults, leakage currents, and overvoltage.
. Power Quality Improvement: Reduces harmonic distortions and provides a stable power supply.

Applications

- Residential EV Chargers: To ensure safety in home charging setups.

. Commercial Charging Stations: Especially in fast chargers for public use.

- Heavy-Duty EV Charging Systems: To meet stringent industrial standards.

. AC and DC Fast Charging Units: For systems that require high safety and minimal power disturbances.

4.5.7 Emergency Stop Switches

Emergency Stop Switches (E-Stops) are safety components in EV charging stations, providing a quick and reliable
method to disconnect power during emergencies. These switches enhance user and equipment safety by immediately
halting charging operations. These are Manually operated switches designed to cut off power instantly during

hazardous situations, such as electrical faults, equipment failures, or fire risks.

Types of Emergency Stop Switches

. Push-Button Switches: Large, easily identifiable buttons that disconnect power when pressed.Self locking red

colour mushroom push button
. Pull-Cord Switches: Activated by pulling a cord, suitable for installations with multiple points of access.

Functions

- Immediate Power Cut-Off: Disconnects power supply to prevent hazards.
. Enhances User Safety: Quickly halts operations during electrical faults, fires, or equipment failures.
. System Protection: Prevents damage to charging infrastructure and vehicles during emergencies.

Applications

- Residential Charging Stations: Push-button E-Stops for user-controlled safety.
- Public Charging Stations: Installed near chargers for easy access by users.
« Fleet Depots and Industrial Hubs: Pull-cord switches for multiple access points across large facilities.



Additional Safety Considerations

. Accessibility and Marking: Emergency stop buttons must be easily
accessible, clearly marked, and positioned in a way that allows
immediate activation.

. Instructions for System Restart: Charging stations must provide clear
instructions for safely restarting the system after an emergency
shutdown. Restarting should be conducted by authorized personnel
after verifying that the issue has been resolved.

- Emergency Response Protocols: Instructions for handling
emergencies such as electrical faults, overcurrent events, overheating,
or mechanical failures should be prominently displayed at the charging
station. This ensures that users and operators are aware of immediate
actions to be taken in case of an incident.

Figiure 4.6

4.5.8 Temperature Sensors

Temperature sensors are essential safety components in EV charging stations that monitor temperature levels to
prevent overheating of equipment and connectors. These sensors ensure optimal performance, protect against
damage, and enhance overall system safety. These devices are designed to measure and monitor the temperature of

components, connectors, and the surrounding environment in real-time.

Types of Temperature Sensors

. Thermocouples: Measures a wide range of temperatures with fast response times.
. RTDs (Resistance Temperature Detectors) : Offers high accuracy and stability for moderate temperature

ranges.

. Infrared Sensors: Non-contact measurement for detecting surface temperatures.

Functions

- Overheating Prevention: Monitors temperature and triggers shutdowns if limits are exceeded.
- System Protection: Prevents damage to connectors, cables, and charging equipment.
. Performance Optimization: Ensures components operate within safe temperature ranges for efficiency.

Applications

. Charging Plugs and Sockets: Sensors are embedded to monitor the heat generated during charging, Part
icularly in high-power scenarios like CCS2 sockets.

. Battery Packs: They help regulate the temperature of the battery cells, ensuring uniform thermal
management across the pack.Prevent the dispensing of a charged battery if its temperature exceeds the
specified limit at the battery swapping station.

- Power Electronics: Components like inverters and converters rely on temperature monitoring for stable
operations.

. Cooling Systems: These sensors integrate with thermal management systems to maintain a consistent
operating temperature.



4.6 Other Accessories

4.6.1 Enclosures and Housing

Enclosures and housing in EV charging stations play a critical role in protecting internal components, ensuring
operational safety, and enhancing durability in different environments. These protective structures shield electrical
and mechanical Part s from environmental, mechanical, and electrical hazards while ensuring safe and efficient

operation.

Types of Enclosures

. Outdoor Enclosures: Built to withstand harsh weather conditions, designed with high Ingress Protection (IP)
ratings.

- Indoor Enclosures: Provides basic protection for chargers installed in controlled environments.

. Anti-Vandal Enclosures: Reinforced with tamper-proof materials for high-traffic or public areas to prevent

unauthorized access or damage.

Functions

. Component Protection: Shields internal Part s from environmental and physical damage.
. Safety Enhancement: Prevents unauthorized access and accidental contact with live Part s.

« Aesthetic Integration: Designed to blend with surroundings while maintaining accessibility.

Key Features

. Weather Resistance: Protects against rain, dust, UV radiation, and extreme temperatures.
. Ingress Protection (IP Ratings) : Ensures protection against dust and water ingress as per IS 1206.Depending
upon the degree of exposure to dust and moisture, enclosures with different IP ratings are used.
o Indoor Use: Enclosures must have a minimum P41 rating.
o Outdoor Use: Enclosures must have a minimum IP44 rating.
. Mechanical Protection: Prevents damage from impacts, vandalism, or accidental collisions.
o For Mode 2 EV Supply Equipment: The minimum degree of mechanical protection shall be IK08, as per IS
17017 (Part 1).
. Thermal Management: Includes ventilation or cooling systems to manage heat generated during charging
operations.

. Ease of Access: Designed for easy maintenance and servicing.



4.6.2 Carrying Systems (Cable Trays, Routing etc.)

Carrying systems are structural components used to manage and protect electrical cables within EV charging stations.

They ensure organized cable routing, reduce wear and tear, and enhance safety and maintenance efficiency.

Types of Carrying Systems

. Cable Trays: Provide open pathways for supporting and routing multiple cables.
. Conduits: Fully enclosed systems that protect cables from dust, moisture, and mechanical damage.

. Cable Clamps and Fasteners: Secure cables in place to prevent movement and reduce mechanical stress.

Functions

. Cable Support: Provides structural stability to prevent
sagging and damage.

- Routing Pathways: Ensures safe and efficient cable
routing between components.

. Safety Enhancement: Reduces the risk of electrical

hazards by keeping cables organized and protected.

Key Features

. Cable Organization: Prevents tangling and ensures a
neat setup.

« Mechanical Protection: Shields cables from physical
damage caused by impacts or environmental factors.

. Ease of Maintenance: Simplifies cable inspection and

replacement during servicing.

. Fire Resistance: Many systems are made of flame-

retardant materials to minimize fire risks.
Figiure 4.7
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4.6.3 Software, User interface and Networking

Software, user interfaces (Ul), and networking are integral to modern EV charging stations, ensuring seamless
operation, real-time monitoring, and enhanced user experience. These components enable efficient energy

management, secure transactions, and connectivity with backend systems.

Functions

. Software: Manages the operation, monitoring, and integration of EV chargers.
. User Interface (Ul) : The interface through which users interact with the charging station.
« Networking: Connectivity systems that link charging stations with central management platforms and other

devices.

Software Features
. Energy Management Systems: Balances power distribution and optimizes energy use across multiple chargers.
. Payment Integration: Enables secure and diverse payment options, including mobile wallets, credit cards, and
RFID.
- Fault Detection and Alerts: Monitors and notifies operators of faults or irregularities in the system.

. Data Analytics: Tracks usage patterns, energy consumption, and maintenance needs.

User Interface Features
- User-Friendly Design: Provides clear instructions, real-time updates, and charging status.
. Multi-Language Support: Improves accessibility for users in diverse regions

- Remote Control: Allows users to start, stop, or schedule charging sessions via mobile apps.

Networking Features
. Cloud Connectivity: Links chargers to central management systems for real-time data exchange.
« Protocol Support: Standards like OCPP, ISO 15118 for communication between chargers and backend

. loT Integration: Enables advanced features like predictive maintenance and load balancing.



4.6.4 Fire Detection and Mitigation for EV Charging Stations

Fire safety is a critical consideration in EV charging stations to protect users, infrastructure, and vehicles from fire

hazards. Proper fire detection, suppression, and mitigation measures must be integrated into the charging station's

design and operation, ensuring compliance with CEA Regulations: 126 - Fire Prevention Requirements.

Fire Detection Methods

Early Detection Systems

Smoke Detectors: |dentify early signs of overheating or fire near charging points.Detects smoke Part icles from
fires and triggers alarms. Uses optical (photoelectric) or ionization technology to sense smoke.

Heat Sensors (Thermocouples, IR Sensors) : Monitor critical components for abnormal temperature rise.Detects
a rise in temperature due to fire and activates alarms. Uses a fixed temperature or rate-of-rise mechanism to detect
abnormal heat levels.

Gas Sensors: Detect hazardous gases such as hydrogen or electrolyte vapors from lithium-ion batteries.

Arc Fault Detection Devices (AFDDs) : Identify dangerous arcing faults that can lead to fires.

Thermal Cameras: Provide real-time heat monitoring for connectors and enclosures.

Monitoring & Alarms

Battery Management System (BMS) Alerts: Detect overcharging, overheating, and abnormal currents in EV
batteries.

SCADA/loT-Based Monitoring: Tracks charger temperature, current flow, and voltage fluctuations with automated
alarms.

Emergency Cutoff System: Automatically shuts down charging in hazardous conditions to prevent escalation.



Fire Mitigation Methods

Electrical Protection
. Circuit Breakers & RCDs: Protect against overcurrent, short circuits, and ground faults.
. Surge Protection Devices (SPDs) : Prevent voltage surges that could trigger electrical fires.

- Proper Earthing & Bonding: Ensures safe discharge of fault currents to minimize risks.

Fire Suppression Systems
. Automatic Fire Suppression Systems: Clean agents such as FM-200 or NOVEC 1230 extinguish fires without
damaging sensitive electronics. Examples Heat Sensing Tube (HST) and Solenoid Valve-Based Fire Suppression

o Heat Sensing Tube (HST) is an automatic fire suppression method ideal for small enclosures, electrical panels,
and battery cabinets. A flexible polymer tube filled with a pressurized fire suppression agent or inert gas is
installed around high-risk areas. When exposed to fire, the heat softens and ruptures the tube at the hottest
point, releasing the suppression agent directly at the source.

o A solenoid valve acts as an electromagnetic switch that controls the flow of fire suppression agents in advanced
systems. When fire detection sensors, such as heat, smoke, or flame detectors, detect a fire, they trigger an
electrical signal that activates the solenoid valve. The valve then opens automatically, allowing the suppression
agent, such as FM-200 or NOVEC 1230, to discharge. The agent floods the protected area, rapidly suppressing
the fire without causing damage to electrical equipment. This fast, localized, and residue-free suppression
method ensures reliable protection in critical applications such as EV charging stations and battery swapping
facilities.

. Water Mist Systems: Effective for controlling fires with minimal collateral damage.

- Fire Extinguishers: Class D extinguishers for lithium-ion fires; ABC-rated extinguishers for electrical fires.

Passive Fire Protection
. Fire-Resistant Enclosures: EV supply equipment must be housed in fire-retardant, self-extinguishing, and
halogen-free enclosures.
. Thermal Barriers: Provide insulation around high-temperature components to prevent fire spread.

- Fireproof Cabling & Conduits: Use flame-retardant materials for electrical wiring and cable enclosures.

Site Safety Measures
. Clear Safety Signage & Emergency Procedures: Ensures public awareness of fire safety protocols.
. Fire DePart ment Access: Design charging sites to allow quick emergency response.
« Adequate Ventilation: Prevents overheating and gas buildup inside enclosed charging stations.

- Regular Maintenance & Inspection: Ensures early identification of faulty components before failures occur.



4.7 Communication Protocols

Communication protocols are essential for enabling seamless interaction between EVs, charging stations, and backend
systems. This interaction is vital not only for controlled power transfer between EV and charging station ensuring safe
charging, but also for grid stability and power quality management between charging station and the backend power supply.
They also ensure compatibility, safety, and efficiency int power delivery while integrating advanced features like billing and
grid management. It is standards and guidelines that define how data is exchanged between EVs, charging stations, and

management systems. It is also essential for interoperability, safety, and efficient energy management.

Types of Communication Protocols

« OCPP (Open Charge Point Protocol) : Supports remote management, monitoring, and billing.
. IEC 61850: Used for grid integration and renewable energy systems.
. ISO 15118: Enables bidirectional energy flow and plug-and-charge features.

« CAN (Controller Area Network) : Onboard vehicle communication during charging.

Functions

. Energy Management: Balances power flow between the grid, charger, and EV.
. Billing and Payment: Enables user authentication and secure payment processing.
. Data Monitoring: Tracks energy usage, charging status, and fault conditions.

. Grid Integration: Ensures efficient interaction with the smart grid for load balancing.

i s s~



4.7.1 Communication Protocol Safety Features

Communication protocols in EV charging stations include built-in safety features to ensure secure data exchange,
protect equipment, and enhance user safety. These safety features prevent faults, unauthorized access, and
operational failures during charging. This Features embedded within communication protocols to ensure secure and

reliable interaction between EVs, chargers, and backend systems.

Key Safety Features in Communication Protocols

Safety Feature Features Application

Secures user data and sensitive

. . Billing, user authentication.
information.

Data Encryption

Prevents unauthorized access to

chargers. Public charging networks.

Authentication Mechanisms

Maintains stable communication and Energy management, fault

Error Detection . el
charging. notifications.

Protects equipment from faults and

instability. High-power chargers.

Fault Monitoring

Prevents malware attacks and keeps

protocols updated Public and fleet charging hubs.

Secure Firmware Updates

Alerts users and operators during

. All charging stations.
emergencies.

Real-Time Alerts

Standard Procedure

« Identify and verify the EV driver through RFID, mobile apps

« Ensure charging only starts when a secure connection is established between the EV and the charger.

. Enable communication between the EV and the charging station for charging session initiation and management.
« Allow operators to monitor station status, diagnose issues, and perform remote troubleshooting.

- Record charging sessions, energy usage, and user activity for analysis.

. Provide real-time status updates to users via mobile apps, displays, or SMS notifications

. Enable remote emergency stop functionality in case of faults, short circuits, or other hazardous conditions.




5. Standards on EV Charging Infrastructure components

5.1 Relevant Indian Standards for EV Charging Infrastructure

Standard

Brief Description

Applicability in EV Charging Stations

Indian standards for EVSE infrastructure,

Installation, operation, and maintenance of

IS 17017 covering technical, safety, and performance ) . .
. charging stations across India.
requirements.
Code of practice for electrical wiring . -
IS 732 installations, focusing on safety and Complete electrical system wiring safety
atons, 9 y during installation of EVSE.
compliance.
IS 694 Specifies PVC insulated cables for voltage Cable insulation and protection for power
levels up to 1100V. supply in EVSE installations.
This standard (Part 1) covers requirements
PVC insulated (heavy duty) electric cables: Part | and tests for armoured and unarmored single-
IS 1554 1 For working voltages upto and including 1 core, twin-core, three-core andmulti-core PVC
100 V insulated and sheathed cables for electric
supply and control purposes.
Provides guidelines for earthing and grounding Grounding systems for safety and fault
IS 3043 . ) .
in electrical systems. clearance in EVSE.
Standards for low-voltage switchgear and Circuit breakers, switches, and control gear for
IS 60947 . . .
control devices. EV charging stations.
IS 12640 For Instrument TransformerslS 12640 for Installation of RCDs for protection against
Residual Current Operated Circuit- Breakers electric shocks and current leaks.
Direct acting indicating analogue electrical
IS 13010. IS measuring instruments and their accessories.
137718 ’ IS 13010 for induction type watthour meters , IS | Energy metering for monitoring and billing in
1644,4 13779 for ac Static watthour METERS, IS EVSE infrastructure.
16444 for a.c. Static Direct Connected
Watthour Smart Meter
Indian standards for EVSE infrastructure, Installation, operation, and maintenance of
IS 17017 covering technical, safety, and performance > OP '

requirements.

charging stations across India.




5.2 1S 17017 standard and its various Part s

Standard Brief Description Applicability in EV Charging Stations
IS 17017 . . . . -
(Part 1) - Specifies general requirements for the EV Applicable to all EV charging systems, outlining
2018 ’ conductive charging system. safety and performance criteria.

IS 17017 Covers general requirements for plugs, - .
(Part 2/Sec socket-outlets, vehicle connectors, and ilir;:;;ise;:ompatlblllty Il SEiEl @i GEEie
1) : 2020 vehicle inlets. ’
IS 17017 e . . . . . .
(Part 2/Sec Specifies dimensions and interchangeability Standardizes AC charging connectors for
2) : 2020 for AC connectors. interoperability. (Type 2)
IS 17017 - . S . .
(Part 2/Sec Details dimensions for DC and AC/DC Ensures compatibility of high-power charging
3) : 2020 vehicle couplers. connectors. (Type AA and Type FF)
IS 17017 Specifies dimensions for DC couplers where . .

S . . Appl I T DC ch
(Part 2/Sec protection is achieved through electrical rep‘i;:;ib :Ifctriyé;? :e :r:ti;:glng systems
6) : 2021 separation. q 9 P ’
IS 17017 Outlines dimensions and interchangeability . .
(Part2/Sec | for LEV AC/DC Combined Charging r'ng::ic:bgézt;z;’fsz /:?; 'ﬁgnCharg'”g systems
7) : 2023 couplers. q 9 P ’
IS 17017 . . . . . .
(Part 21) Specifies EMC requirements for EV charging | Ensures electromagnetic compatibility of charging
2019 ’ systems. equipment.
IS 17017 . ' . . . . . .
(Part 22) Details configurations for AC charging Standardizes requirements for light electric
2021 ' systems. vehicle AC charge point.
IS 17017 i . . . .
(Part 23) : Specifies requirements for DC EV supply Applicable to DC charging stations and
2021 ’ equipment. equipment.
IS 17017 . . I . _— .
(Part 24) Outlines digital communication protocols Ensures effective communication for DC charging
2021 ' between DC EVSE and EVs. control.
IS 17017 Spe'cmes req'uwements. for I?C EV slupply Applicable to Type 6 DC charging systems
(Part 25) : equipment with protection via electrical emploving electrical separation for safet
2021 separation. ploying P y.




Standard Brief Description Applicability in EV Charging Stations

IS 17017 . I . . . .

(iart (:)30) . Details specifications for dual gun DC EV Facilitates simultaneous charging of multiple
2025 supply equipment. vehicles.

IS 17017 Specifies requirements for AC or DC EV Applicable to Type 7 Combined AC/DC charging
(Part 31) : supply equipment with protection via systems for LEV ensuring safety through electrical
2024 electrical separation. separation.

5.3 Guidelines from various Government Agencies

5.3.1 Central Electricity Authority (CEA)

CEA has issued comprehensive safety and operational guidelines for EV charging stations under the Central Electricity
Authority (Measures Relating to Safety and Electric Supply) Regulations, 2023. These regulations outline mandatory
safety, earthing, fire protection, and testing requirements to ensure the reliable and secure functioning of EV charging

infrastructure.

A. Safety Requirements:

. Design and Installation: Charging stations must be designed, installed, tested, and inspected as per CEA
regulations to ensure safety and reliability.
. Overload Protection: Separate overload protection for input and output supplies is required as per relevant
standards.
. Socket Installation Height: Any socket-outlet for EV charging must be installed at a minimum height of 800 mm
above the finished ground level.
« Prohibited Equipment:
o Use of cord extension sets, second cable assemblies, and adaptors to connect a vehicle connector to a vehicle
inlet is strictly prohibited.
o Portable socket outlets are not permitted for EV charging.
. Charging Distance Limitations: The maximum distance between the charging point and the vehicle connector
must not exceed 5 meters.
. Lightning Protection: Charging stations must be equipped with lightning protection systems in compliance with
IS/IEC 62305 standards.
. Reverse Power Flow Protection: Devices must be installed to prevent uncontrolled reverse power flow from the
EV to the grid.



B.

Earthing and Electrical Protection:

Residual Current Devices (RCDs) :

o Each charging point must have an individual RCD with a residual operating current not exceeding 30 mA.

o RCDs must disconnect all live conductors, including the neutral, ensuring user safety.

o RCDs must comply with IS 12640 (Part 1 & 2) and IS/IEC 60947-2.
Dedicated Circuit Protection: Each EV charging point must have a dedicated final sub-circuit with overcurrent
protection as per IS 732.
Earth Continuity Monitoring: Charging stations must have an earth continuity monitoring system that disconnects
the supply if the earthing connection becomes ineffective.
Shielded Charging Leads: Charging cables must have earth-connected metal shielding with wear-resistant
insulation to remain flexible over the operational temperature range.
Equipotential Bonding: A protective earth conductor must establish an equipotential connection between the

supply earth terminal and the vehicle’s conductive Part s.

. Fire Safety Measures:

Fire-Resistant Enclosures: The EV supply equipment enclosure must be fire-retardant, self-extinguishing, and
halogen-free, ensuring compliance with CEA Fire Prevention Requirements.
Fire Detection and Suppression: Charging stations must have fire detection, alarm, and suppression systems as
per relevant fire safety standards.
Material Standards: Charging station enclosures must be made of fire-retardant materials.
Stored Energy Limits:

o AC Charging: Voltage must not exceed 42.4 V peak (30V RMS) one second after disconnection.

o DC Charging: Voltage must not exceed 60V, and stored energy must be less than 20J.

o If these limits are exceeded, a warning label must be affixed in a visible location

. Testing and Maintenance:

Insulation Resistance Testing: All apparatus must meet insulation resistance values as per IS 17017 (Part 1).
Regular Testing: Periodic testing and inspection by authorized personnel must be conducted to maintain safety
and operational integrity.
Record Keeping:

o Operators must maintain records of design, construction, labeling, and test certificates.

o All records must be available for regulatory inspection and compliance verification.



E. Additional Electrical Safety Considerations

« Locking Mechanism for DC Charging Connectors:
o Vehicle connectors for DC charging must be locked when the voltage exceeds 60V DC.
o In case of a malfunction, a safe disconnection method must be provided.
. Overvoltage Protection: The charging point must automatically disconnect if the output voltage exceeds the
maximum allowable limit for the vehicle battery.
. Cable Energization Protection: The charging cable must not be energized unless the vehicle connector is

properly locked.

- Vehicle Connector Unlocking Restriction: The vehicle connector must remain locked if the voltage between the

connector and earth exceeds 60V.
. Safety Clearance:
o The minimum safety clearance between an oil or gas dispenser and an EV charging point must comply with
CEA safety guidelines.
. Cable Requirements:
o Only four-core cables must be used for three-phase charging points.
o Underground cables must not cross oil tanks or pipelines.
o If underground cables pass through charging areas or vehicle pathways, they must be buried at a minimum

depth of 1 meter.

5.3.2 National Electrical Code (NEC)

The National Electrical Code (NEC) 2023, under Part 3, Section 15 - Supplies for Electric Vehicles, establishes

guidelines for the installation, operation, and safety of EV charging infrastructure. These provisions are based on IS

732:2019, ensuring alignment with general electrical installation standards while addressing the unique requirements of

EV charging.



Key Requirements for EV Charging Installations

« Maximum Demand and Diversity
o Each charging point must operate at its rated or maximum configured charging current.
o Adjustments to charging current must be accessible only to skilled personnel using a key or tool.
o Diversity factor for distribution circuits is taken as 1, unless load control mechanisms are integrated upstream.
- Additional Protection Measures
o Each AC connecting point must be individually protected by a Residual Current Device (RCD) with a residual
operating current not exceeding 30 mA.
o The RCD must not be shared with other connecting points or equipment.
. Transient Overvoltage Protection
o Publicly accessible charging points are considered Part of a public service and must be protected against
transient overvoltages.
- Residual Current Protective Devices
o Each charging point must be protected by an RCD Type A with a maximum 30 mA operating current.
o Additional DC fault protection is required:
=« Type B RCD, or
= Type A RCD with a Residual Direct Current Detecting Device (RDC-DD) (IEC 62955), or
= Type F RCD with RDC-DD.
. RCD Disconnection Requirements
o RCDs must disconnect all live conductors in case of a fault.
. Earthing and Protective Conductors
o Control signals on the protective earth conductor (PE) must not flow upstream into the fixed installation.
o Equipment must be galvanically separated to prevent interference with automatic disconnection systems.
« Socket-Outlets and Vehicle Connectors
o Must comply with IS/IEC 60309-1, IS 17017(Part 2 /Sec1), or other relevant national standards.
o Portable socket outlets are not permitted for EV charging.
o Each socket-outlet must supply only one EV at a time.
. Low Voltage Generating Sets
o If EVs are designed to feedback energy to the grid, the installation must comply with IEC 60364-8-23.
. Verification and Testing
o Existing installations impacted by EV charging infrastructure must be verified for compliance with IS 732:2019.
o Periodic verification must align with CEA safety regulations.

« All Cables upto 16mm2 use of Copper conductor is recommended



5.3.3 Ministry of Power (No. 12/2/18 EV (Comp No. 244347))

1. Objectives 2. Key Features

Establish accessible charging Open Access: EV users can charge their vehicles at any public charging
stations nationwide. station (PCS), and charging service providers are encouraged to use
Facilitate affordable, safe, and open standards to ensure interoperability.

energy-efficient charging Standards Compliance: Stations must adhere to technical, safety, and grid
options. connectivity norms specified by relevant authorities.

Promote investments in EV Tariff: State Governments should determine electricity tariffs for EV
infrastructure. charging and ensure they are competitive and cost-effective.

3. Types of Charging Infrastructure

Public Charging Stations (PCS) : Must support all vehicle types and adopt fast and slow charging facilities based
on the expected demand in the area.

Private Charging: Home and workplace chargers may be set up by private individuals, but these facilities are not

considered public.

4. Licensing and Operation 5. Development Incentives

Charging stations do not require a separate electricity The guidelines encourage Public-Private Part
distribution license. nerships (PPP) and investment through capital
Operators must integrate their systems with electricity subsidies and tax incentives.

distribution companies for real-time data sharing and Dedicated land may be allotted by state/municipal
efficient energy distribution. bodies for setting up charging infrastructure.

6. Charging Infrastructure Specifications
Must cater to the various categories of EVs, including two-wheelers, three-wheelers, cars, and buses.

Each PCS must have one or more specified connectors based on vehicle compatibility, such as CCS,
CHAdeMO.




6. Installation Guidelines for EV Charging Station

This chapter focuses on the essential practices for installing EV charging stations, ensuring safety, reliability, and
efficiency. It covers comprehensive steps from site selection and planning to the readiness of electrical infrastructure.
Key considerations like site accessibility, load analysis, and charger placement ensure optimal functionality and user
convenience. The chapter also emphasizes the importance of precise electrical planning, including proper cable sizing,

power distribution, and the installation of critical components such as transformers, breakers, and distribution boards.

Additionally, it highlights the significance of electrical safety measures, including grounding systems, residual current
devices (RCDs), surge protection, and personal protective equipment (PPE). Power quality considerations, such as
voltage regulation, harmonic mitigation, and load balancing, are also addressed to ensure stable and efficient
operations. The chapter also addresses environmental factors like weatherproofing, flood resilience, and ventilation, for

EV charging infrastructure.

6.1 Installation Considerations for Site Survey and Planning

6.1.1 Site selection criteria

Pre-Conditions

« Accessibility: The site should be easily accessible to EV users, ideally near highways, urban centers, or
high-traffic areas.

. Power Supply Availability: Thesite should have sufficient grid connectivity and transformer capacity to
handle the charging load.

- Space Requirements: It should be ensured that adequate space is available for charging equipment, vehicle
parking, and future expansion.

. Environmental Suitability: Assessment of environmental conditions, such as temperature, humidity, and
flood risks is an important exercise for site selection

« Zoning Regulations: Ensure compliance with local government zoning and land use policies.

. Avoid Low-Lying Areas: Locations with natural elevation or proper grading should be preferred to prevent
water accumulation.

- Proper Drainage System: It should be ensured that efficient stormwater drainage with slopes, drains, and

rainwater diversion channels are available



Power and Infrastructure Considerations

To ensure a seamless integration of the charging station into the power grid and optimize infrastructure, several

technical factors must be considered:

Power Infrastructure Components and Standards

Charging Equipment: Chargers must comply with established Connectors such as CCS, CHAdeMO, to support a
wide range of EVs.

Transformers and Distribution Systems: Transformers should be selected based on IS 2026 standards to
manage the load requirements of multiple charging stations.

Cables and Conduits: Proper cable sizing as per IS 3961 ensures safe and efficient power transmission.
Enclosures: Outdoor installations must use weatherproof and tamper-resistant enclosures (IP65/IP67 rated) to

protect against environmental damage.

Installation Checklist

Power Feasibility Study: Conduct a load analysis to ensure grid capacity and transformer adequacy.

Soil and Ground Condition Testing: Assess for stability and suitability for foundation installation as well as
earthing quality.

Accessibility Plan: Confirm site design supports smooth entry, parking, and exit for vehicles, including disabled
access.

Environmental Impact Assessment: Check for flood risk zones, extreme weather susceptibility, and nearby
water bodies.

Utility Approvals: Secure permits for land use, electrical connections, and adherence to safety codes.

Site Markings: Mark charging bays, walking paths, and safety zones for both vehicles and pedestrians.

Considerations for Effective Protection

O

Environmental Protection: Install weatherproof enclosures and raised foundations to prevent water ingress in
flood-prone areas.

Grid Integration: Ensure seamless integration with the local grid, including support for load balancing and future
upgrades.

User Safety: Maintain clear demarcation between high-voltage equipment and user-accessible areas.

Future Scalability: Design the site with provisions for expanding charging capacity and integrating energy storage
systems.

Lighting and Security: Provide adequate lighting, CCTV surveillance, and emergency response systems to
ensure user safety during night operations.

Compliance: Adhere to all applicable local, national, and international standards for EV charging infrastructure



6.

1.2 Load Analysis and Power Requirements

Pre-Conditions

. Estimated Demand: Assess the expected charging demand based on station type (e.g., residential, public,
fleet depot) and usage patterns (e.g., peak and off-peak hours).

. EV Type Mix: Determine power requirements by analyzing the types of EVs expected to use the station (e.g.,
two-wheelers, four-wheelers, buses).

- Grid Capacity: Ensure the local power grid can handle the required load without causing instability, following
Grid Standards of CEA

« Scalability: Plan for future expansion to accommodate the growing EV user base and emerging technologies.

. Compliance with Standards: Adhere to standards and regulations for load analysis, such as IS 17017(Part
1) and CEA Technical Standards for Connectivity of Distributed Generation Resources, to ensure proper grid

integration.

Components and Related Standards

Transformers: Select transformers rated to handle the peak load of the charging station. Use K-rated transformers
or Inverter Duty Transformers, compliant with IS 2026 (Power Transformers), to withstand harmonics and serve
dedicated EV charging stations.

Cables and Conductors: Use cables with appropriate current-carrying capacity and voltage ratings, adhering to IS
694 (PVC Insulated Cables) and IS 3961 (Part 2) (Current Rating for Electric Cables) for energy efficiency and safety.
Energy Storage Systems (ESS) : Consider battery storage systems to manage peak loads and overcome grid
limitations. Standards such as IS 17017 (Part 1) can guide their integration with the charging infrastructure.

Load Balancing Devices: Implement smart load management systems to distribute power effectively across

chargers, ensuring compliance with the CEA Guidelines for Grid-Connected Systems.

Installation Checklist

O

Demand Assessment: Estimate total load requirements, including simultaneous and staggered charging
scenarios.

Transformer Sizing: Select a transformer capable of handling maximum load with an appropriate margin for
future expansion.

Feeder/Switchgear sizing: In case of smaller EV Charging stations, Estimate peak loading based on individual as
well as multiple charger working and derive at appropriate sizing in Amperes for supply feeders/switchgear for the
EV Charging station(s) keeping margin for future expansion



Cable Sizing: Calculate cable cross-sectional areas to minimize losses and ensure safe operation under load
conditions.

Load Balancing Setup: Install load balancing devices to optimize power distribution and avoid overloading
individual components.

Backup Power: Include provisions for backup power systems (e.g., diesel generators or ESS) to ensure reliability
during outages.

Compliance Testing: Test the system to confirm that the actual load matches the calculated load and verify
adherence to standards.

Considerations for Effective Protection

O

Grid Stability: Ensure the grid connection is robust enough to handle dynamic loads, Part icularly for fast and
ultra-fast chargers.

Surge Protection: Install SPDs to safeguard against voltage spikes caused by high-load operations.
Harmonic Mitigation: Use harmonic filters to prevent distortion from high-power chargers affecting the local grid.

Overcurrent Protection: Implement overcurrent protection devices (OCPDs) to prevent damage during load
surges.

Cooling Systems: Equip transformers and high-power components( Charging equipment like Rectifiers & power
converters and DC charging controllers with adequate cooling mechanisms to prevent overheating under heavy
loads.

Real-Time Monitoring: Use loT-enabled systems to monitor load variations and optimize energy use.

6.1.3 Charger Accessibility and Safety

Pre-Conditions

« Inclusive Design: Charging stations must cater to all user groups, including those with disabilities, ensuring
convenience and compliance with accessibility standards.

. Clear Pathways: Ensure vehicle and pedestrian paths are unobstructed and safe, minimizing risks of
collisions or accidents.

« Proximity to Users: Install charging units in high-visibility areas near parking lots, public spaces, or rest stops
for ease of use.

. Emergency Access & Escape Routes: Maintain adequate space between vehicles and chargers to allow
unhindered access to emergency push buttons and ensure a clear escape path, even at full station

capacity.



Components

. Charging Connectors and Cables: Ensure easy handling and compatibility with standards like CCS, CHAdeMO
. Safety Barriers: Physical barriers to protect chargers and users from accidental vehicle impacts.

- Protective Enclosures: Weatherproof enclosures rated IP65/IP67 to shield chargers from environmental factors.
. Emergency Stop Switches: Easily accessible E-Stops for emergency power disconnection.

. Lighting and Signage: Adequate illumination and clear instructions for safe nighttime use and user guidance.

Installation Checklist

O

Site Layout Design: Plan charger locations for convenient vehicle access and user interaction, ensuring smooth
traffic flow.

Height and Positioning: Place chargers at around 1.2 meters height for easy reach by all users, including
wheelchair accessibility as a common industry practice

Cable Management Systems: Install retractable or organized cable systems to prevent tripping hazards and
ensure safety.

Emergency Features: Install prominently labeled emergency stop switches and provide fire extinguishers nearby.
Physical Protection: Set up bollards or safety barriers around chargers to prevent accidental vehicle damage.

Signage and Instructions: Clearly display operating instructions, safety warnings, and contact information for
assistance.

Lighting Installation: Ensure adequate lighting for safe use during low-light conditions.

Considerations for Effective Protection

O

Electrical Safety: Equip all chargers with RCDs (Residual Current Devices) and surge protectors to prevent
shocks and overvoltage incidents.

Environmental Durability: Use IP65/IP67-rated enclosures to protect against dust, rain, and extreme
temperatures.

User-Friendly Design: Incorporate ergonomic designs for connectors and interfaces to facilitate seamless user
interaction.

Anti-Vandalism Measures: Use tamper-proof locks and surveillance cameras to deter vandalism and theft.

Accessibility Enhancements: Provide ramps, wider pathways, and dedicated accessible parking spots for users
with disabilities.

Fire Safety Compliance: Equip stations with fire-retardant materials and fire extinguishing systems to address
potential risks.

Security Systems: Install CCTV cameras and motion-sensor lighting to ensure user safety and deter malicious
activities



6.2 Readying Electrical Infrastructure

6.2.1 Cable Sizing and Power Distribution

Proper cable sizing and power distribution are critical for the safe and efficient operation of EV charging stations. The

selection of cables must consider electrical resistance, mechanical strength, and the unique demands of EV charging

systems. During installation and commissioning, ensuring proper material selection, mechanical integrity, and

compliance with applicable standards minimizes energy losses and reduces maintenance risks. This section outlines

best practices for selecting and installing cables to meet the high-power demands of EV chargers while maintaining

safety and efficiency.

Pre-Conditions

Electrical Resistance:
Cables must have low resistance to minimize energy losses and avoid overheating. Use standards such as IS
3961 (Current Ratings for Electric Cables) to determine acceptable resistance levels.
Mechanical Strength:
Ensure cables can withstand environmental stress, bending, and strain without compromising their structural
integrity. Refer to IS 1554 for flexible cables in heavy-duty environments.
Conformance with Standards:
Follow relevant Indian standards for cable sizing and performance:

o IS 3961: For calculating current ratings of cables.

o IS 694 and IS 1554 (Part 1) : For PVC-insulated cables up to 1100V.

o 1S 17017 (Part 1) : For EV charging infrastructure.
Conductor Material Compatibility:
Per IS 17017 (Part 2/Sec 1), all accessories and cable assemblies are intended only for use with copper
conductors. This enhances electrical performance and ensures compatibility with the safety requirements of
EV infrastructure.
Ambient Temperature Requirements:
These accessories and cable assemblies must be able to operate reliably within -25°C to 55°C, ensuring
safety and flexibility across diverse climatic zones.
When the tests are carried out with conductors, they shall be copper or copper alloy and comply with IS 694
and IS 8130.
While selecting conductor for size less than or equal to 16 mm2, copper conductor of Class 1 or Class 2 is
recommended. Over the period of time, loosening of contacts and oxide formation is prominent in Aluminum

conductors which may lead to increased generation of heat and sparking.



Components Conductor Material:
« Copper: (As per NEC 2023, recommended to use copper conductor cables upto 16Sgmm)
o Offers superior conductivity and mechanical flexibility.
o Preferred for high-efficiency, high-demand applications in EV chargers.
. Copper Alloy:
o Lightweight and cost-effective.
o Requires careful handling to prevent oxidation and ensure long-term reliability.
. Voltage Ratings:
o Select cables rated for the charger’s operating voltage.
o For DC chargers, cables must support voltages up to 1000V, as specified in IS 694.
. Cable Sizing:
Proper cable sizing is crucial for preventing overheating, minimizing energy losses, and ensuring safe and efficient EV
charging. The following cable sizes are based on common industrial practices and recommendations from EV charger
manufacturers:
o For a 3.7kW charger (16 A), a 4 mm? cable is commonly used.
o For a 7.4kW charger (32 A), a 10 mm? cable is typically recommended.
o For an 11kW charger (16 A), a 4 mm? cable is appropriate.
o For a 22kW charger (32 A), a 10 mm? cable is standard.
For high-capacity installations such as 30 kW or 100 kW chargers, cable sizing depends significantly on site-specific
factors. For instance, one observed site with a 100 kW charger utilized two runs of 4-core 185 mm? cables. Therefore,
detailed analysis based on load demand, installation conditions, and safety requirements should guide final cable

selection.

Installation Checklist
. Material Handling:
O Use copper or copper alloy based on load requirements and environmental suitability.
O Check copper alloy connections for proper crimping and oxidation prevention.
. Voltage Drop Analysis:

O Calculate and verify voltage drop across cable lengths to ensure charging efficiency.

O Ensure voltage drop remains within a 2—3% tolerance range during commissioning as a common industrial
practices.

. Cable Routing:
O Avoid mechanical stress and sharp bends in cable paths to prevent long-term damage.

O Install strain relief systems to support cables in dynamic environments.



. Cable Routing:

O Avoid mechanical stress and sharp bends in cable paths to prevent long-term damage.

O Install strain relief systems to support cables in dynamic environments.
. Ambient Conditions:

O Accounts for site temperature and environmental factors during cable selection.

O Ensure cables are not exposed to excessive heat sources or poorly ventilated
. Continuity and Insulation Testing:

O Test continuity to confirm material conductivity.

O Use high-voltage insulation testers to verify cable insulation under peak voltage conditions.
. Correct Mode Usage:

O Use Mode 2 cables for household sockets and Mode 3 cables for dedicated charging infrastructure.
. Withstand Voltage Testing

O Perform dielectric withstand tests to confirm compliance with IS 15382 (Part 2).

Considerations for Effective Protection
. Mechanical Integrity:
O Use flexible cables in dynamic areas (e.g., around moving vehicles) and rigid cables in static installations.
O Provide adequate strain relief and abrasion protection during installation and commissioning.
. Voltage Rating and Insulation:
O Match cable voltage ratings to the operating range of the chargers to avoid insulation breakdown.
B Ensure cables can handle voltage transients, especially in fast-charging setups.
. Heat Management:
O Avoid excessive heat buildup by installing cables away from heat sources and providing adequate ventilation.
. Long Cable Runs:

O For cables exceeding 50 meters, use larger cross-sectional areas to minimize energy losses and ensure voltage
stability.

O Consider regenerative systems for voltage boosting over extended distances.
. Commissioning Checks:
O Test cable joints, crimps, and terminations for tightness and security.

O Verify that voltage at the charger terminals matches expected values after installation.



Regulatory Requirements and Standards

According to IS 17017 (Part 1), a single cable assembly must be specifically designed for a Part icular charging mode
and cannot be easily or safely used for another mode. The only exception is Mode 2 cables, which are designed for

household outlets and may include safety features for added flexibility.

Technical Specifications as per IS 17017 (Part 1)
- Withstand Energy Ratings (I’t values) for Mode 3 Cables
o Mode 3, Case B cables must have a minimum withstand I?t value of 75,000 A?s to ensure durability under
high-current loads.
o Mode 3, Case C cables must match the voltage and current ratings of the EVSE.
. Dielectric Withstand Voltage Test (50Hz for 1 min)
o For Class | EVSE: (Un + 1,200V) r.m.s.
o For Class Il EVSE: Two times (Un + 1,200V) r.m.s.
. Impulse Voltage Test: The dielectric withstand capability of power circuits must be tested as per IS 15382 (Part 1).
*NOTE — Un is the nominal line to neutral voltage of the neutral-earthed supply system.
« Insulation Requirements
o Cable insulation must be wear-resistant and maintain flexibility over the full temperature range specified for
EVSE classification.
o Must withstand mechanical stress, UV exposure, and repeated bending during regular use.
. Storage and Connector Positioning (Mode 3, Case C)
o A storage mechanism must be provided for the vehicle connector when not in use to prevent damage or
contamination.
o The lowest point of the stored connector must lowest point of the vehicle connector when stored shall be

located at a height between 0.5 m and 1.5 m above ground level as per IS 17017 Part 1 (Cl 11.7)

6.2.2 Electrical Panels

Electrical panels serve as the central hub for managing power distribution, control, and safety in EV charging stations.
Proper design, installation, and commissioning of electrical panels are critical to ensure reliable operation, protect

connected equipment, and support scalability for future expansion.



Pre-Conditions

. Load Handling: Design panels to handle peak and simultaneous loads as per IS/IEC 61439

. Compliance: Ensure panels comply with IS/IEC 61439-1 (Switchgear), IS 60529 (Enclosures), and IS 60947
(Part 2) (Circuit Breakers).

- Environmental Suitability: Use |P-rated enclosures per IS 1206 for indoor (IP30) or outdoor (IP65/IP67)
setups.

. Integrated Protection: Include circuit breakers, RCDs, and SPDs per IS 60947 (Part 2), IS 12640 (Part 1),
and IS 60269 (Part 1), respectively.

Components

Main Circuit Breaker: Protects the system from overcurrent and short circuits.

Residual Current Device (RCD) : Ensures user safety by disconnecting the circuit during ground faults.

Surge Protection Devices (SPD) : Safeguards against voltage surges caused by lightning or power fluctuations.
Busbars: Facilitates efficient power distribution within the panel, designed for minimal resistance and heat
dissipation.

Metering Devices: Monitor energy consumption and panel performance for real-time analysis and billing.
Enclosures: Protect internal components, rated for indoor (IP30) or outdoor (IP65/67) use, IS 60529,IS 1206
Charging Equipment: Charging equipment is responsible for delivering electrical power to the EV’s battery through
standardized connectors.

Cooling equipment: high-power DC fast chargers, generate significant heat due to high currents and power
conversion losses. Proper cooling ensures efficient operation, prevents overheating, and extends equipment

lifespan

Installation Checklist

. Load Assessment:

O Calculate the total load of the charging station to select a panel that meets current and future power
requirements.

O Consider load balancing to avoid overloading individual circuits.

. Wiring and Connections:

O Ensure proper termination of cables with secure and labeled connections to avoid confusion during
maintenance.

O Use conductors rated for the anticipated current and voltage.



. Protection Device Placement:
O Integrate SPDs and RCDs at strategic points within the panel to ensure maximum coverage and user safety.
O Ensure proper coordination between upstream and downstream protection devices.

. Busbar Installation:

O Use high-conductivity materials (e.g., copper or its alloy) for busbars and ensure proper insulation and spacing
to avoid arcing.

. Panel Mounting:

O Mount panels at an accessible height (0.8meters) above highest flood level with secure anchoring to walls or
dedicated structures as per the safety advisory

O Ensure adequate ventilation to prevent overheating.

. Labeling and Documentation:
O Clearly label circuits, breakers, and devices for easy identification during operation and maintenance.

O Provide detailed circuit diagrams and maintenance manuals.

Considerations for Effective Protection

. Thermal Management:
O Use cooling systems or ventilation to dissipate heat generated by high-power components.
O Perform thermal imaging during commissioning to identify potential hotspots.

. Surge Protection:
O Install SPDs rated for the expected surge levels in areas prone to lightning or grid fluctuations.

. Grounding and Bonding:
O Ensure the panel is properly grounded to prevent electrical shocks and enhance fault protection.
O Follow IS 3043, as applicable.

. Environmental Protection:
O For outdoor installations, use enclosures rated IP65 or higher to protect against moisture and dust ingress.
O Apply corrosion-resistant coatings for installations in coastal or industrial areas.

. Emergency Access:

O Equip panels with emergency power cutoff switches, ensuring they are easily accessible in case of faults or
fires.

. Future Scalability:

O Design panels with spare capacity to accommodate additional chargers or increased load in the future.



Contact
Rating

Current

10to 13

16 and 20

30 and 32

60to 70

80

125

200 and 250

400

Table 6 Size for Conductors
(Clauses 11,13.1.9,13.2.1,13.3.2,16.10,16.13,27.1,28.1 and 31.3)

Internal Connection

Flexible Cables for Plugs and Vehicle
Connectors Solid or Stranded Cables for
Socket-outlets"

Solid or Stranded Cables for Vehicle Inlets

mm? E mm? E
0.5 - 0.5 -
1.0t0 1.5 25 1.0t0 1.5 25
1.0t02.5 25 1.5 to 4 4
25106 6 251010 10
6to 16 16 6to 25 25
10 to 25 25 16 to 35 25
25to 70 25 35to 95 50
70 to 150 25 70 to 185 95
240 1207 300 1507

1) Classification of conductors: according to IS 8130.

2) For isolated d.c. equipment - E conductor size based on a.c. mains (branch) circuit over-current protective size.
NOTE - The Table is not intended to specify the protective earthing conductor size but rather minimum/maximum
range of conductor sizes for terminal tests and other tests.

Classification as per IS 8130




6.2.3 Power Distribution System Installation

The power distribution system in EV charging stations ensures efficient delivery of electricity to charging units while
maintaining safety and reliability. Key components such as breakers, transformers, and distribution boards must be

properly selected, installed, and maintained to meet the demands of EV charging infrastructure.

Breakers

Pre-Conditions

- Load Capacity: Circuit breakers must be rated for the total load, including peak demands and fault current
levels.

. Coordination: Select breakers to ensure proper coordination between upstream and downstream devices to
avoid unnecessary tripping.

. Compliance with Standards: Breakers must conform to IS 60898 (Low-Voltage Circuit Breakers) or IS

60947 (Part 2) (Industrial Circuit Breakers) for safe and efficient operation..

Installation Checklist

O Sizing and Selection: Ensure breakers are rated for the correct current, voltage, and fault level.
O Proper Placement: Install breakers at key points in the distribution network to isolate faults effectively.
O Connections: Use proper torque settings on terminals to ensure secure connections without overheating.

O Labeling: Clearly label breakers with the corresponding circuit information for maintenance and safety.

Considerations for Effective Protection

O Overcurrent and Short Circuit Protection: Select breakers with fast response times to limit damage during
faults.

O

O Maintenance: Regularly test breaker functionality and inspect terminals for corrosion or wear.



Transformers

Pre-Conditions

Load Handling:
Transformers must handle peak loads from multiple EV chargers, ensuring voltage stability during high-demand
periods.
Voltage Matching:
When selecting a transformer, ensure that the transformer's primary (input) voltage matches the utility grid
voltage, and the secondary (output) voltage aligns with the rated input voltage of the charger or connected load.
This alignment helps prevent fluctuations and ensures optimal charger performance.
Standards Compliance:
Transformers must be certified under CEA Regulation 46 and the following Indian
Standards:
. IS 2026 (Power Transformers)
. 1S 1180 (Part 1) : Outdoor Type Oil-lmmersed Distribution Transformers up to and including 2,500 kVA, 33 kV
Specification (Mineral Oil Immersed)
« IS 1180 (Part 3) : Outdoor Type Liquid-Immersed Distribution Transformers up to and including 2,500 kVA, 33
kV Specification (Natural and Synthetic Organic Ester Liquid Immersed)

Earthing Requirements:

Installation Checklist

O Site Preparation: Install transformers on stable, vibration-free foundations with proper drainage for outdoor
setups.

O Connections: Ensure secure and insulated connections on both primary and secondary sides.
O Cooling and Ventilation: Provide adequate airflow for dry transformers or maintain oil levels for oil-filled types.
O Grounding: Ground transformer cores and enclosures, following CEA guidelines and IS 3043.

O Fire Safety: Install fire barriers and suppression systems for oil-filled transformers to prevent fire hazards.

Considerations for Effective Protection
O Overload Protection: Equip transformers with overload relays or temperature sensors to prevent overheating.
O Surge Protection: Install SPDs on the transformer input to protect against voltage spikes.

O Regular Maintenance: Inspect for oil leaks, insulation degradation, and overheating signs.



Distribution Boards

Pre-Conditions

. Power Distribution: Boards must handle power allocation efficiently, separating circuits for individual
chargers.

. Safety Standards: Adhere to IS 732 (Code of Practice for Electrical Wiring Installations) and IS/IEC 61439
(Low-Voltage Switchgear and Control Assemblies) for safety and compliance.

- Scalability: Design boards with spare capacity for future expansion.

Installation Checklist

O Panel Layout: Organize circuits logically, separating high-power chargers and auxiliary equipment.
O Mounting: Secure boards in accessible locations with sufficient clearance for maintenance.
O Wiring and Labeling: Use color-coded wiring and label all connections for ease of identification.

O Ventilation: Ensure panels are adequately ventilated to prevent overheating.

Considerations for Effective Protection

O Thermal Management: Use thermal sensors to detect overheating within the board.
O Grounding and Bonding: Properly ground all metallic Part s to prevent shocks and faults.
O Environmental Protection: Use IP65 enclosures for outdoor installations to protect against dust and moisture.

O Inspection and Testing: Periodically test circuit integrity, insulation, and breaker functionality.



6.3 Power Supply Sourcing and Connections

Efficient and reliable power supply sourcing and connections are fundamental to the performance of EV charging
stations. Proper planning, equipment selection, and adherence to standards are essential to ensure seamless

operations, safety, and scalability.

Pre-Conditions

- Grid Availability: Verify the proximity and capacity of the local power grid to handle the anticipated load of
the charging station, as per CEA Technical Standards.

. Power Quality: Ensure the supply voltage and frequency are stable, meeting the requirements of the
charging equipment in line with IS 17017(Part 1) for EVSE infrastructure.

. Backup Power Systems: Plan for backup power sources such as diesel generators or energy storage
systems for uninterrupted operations during outages.

. Compliance with Standards: Adhere to IS 17017 (Part 1) (Indian standards for EV charging systems) and

CEA Regulations for grid-connected systems and regional utility guidelines.

- Main Power Supply Connections: Ensure robust and secure grid connections to deliver consistent voltage
and current.

. Transformers: Use appropriately rated transformers to step down grid voltage to the operational voltage
required for chargers.

. Cables: Select cables with the correct cross-sectional area to handle the load while minimizing losses.

. Surge Protection Devices (SPDs) : Protect the system from voltage spikes and surges.

. Switchgear and Circuit Breakers: Install protective devices to isolate faults and maintain operational safety.

Installation Checklist
. Utility Approvals:
O Obtain approvals from local utilities for grid connections and ensure compatibility with utility specifications.
. Load Analysis:
O Conduct a detailed load assessment to determine the station’s power demand, factoring in future scalability.
. Transformer Installation:
O Install transformers close to the charging station to minimize line losses.

O Ensure adequate cooling and ventilation.



7. Electrical Safety & Power Quality

7.1 Proper Grounding and Earthing Systems

Grounding and earthing systems are critical for ensuring the safety, reliability, and functionality of EV charging stations.
These systems provide a safe path for fault currents, protect users, equipments and vehicle from electrical shocks, and

ensure system stability.

Pre-Conditions

. Soil Resistivity Assessment: Conduct soil resistivity tests to determine the optimal grounding method,
ensuring compliance with IS 3043 (Code of Practice for Earthing).
. Compliance with Standards: Grounding systems must meet the requirements of IS 3043 for earthing and
CEA Guidelines for Electrical Installations for EV infrastructure.
- Fault Current Handling:
o Ensure the system is designed to safely dissipate fault currents without causing voltage fluctuations or
equipment damage.
o Ensure the earth resistance is maintained at levels that allow protective devices to function properly (IS
3043, Clause 11.0.3).
. Corrosion Resistance: Select materials that can withstand the local environmental conditions to prevent

degradation over time.

Components and Related Standards

Relevant

Component Function Standard

Earthing Conductors Ensure reliable current flow with low resistance. IS 3043

Provide low-impedance grounding using copper/stainless

Earth Electrodes IS 3043
steel rods or plates.

Grounding Grid Interconnect conductors to equalize potential distribution. IS 3043

Equipotential Bonding Prevent voltage differences to reduce stray currents and IS 3043

corrosion risks.




Installation Checklist
. Site Assessment:

O Conduct soil resistivity tests to determine the appropriate type and depth of earth electrodes.

. Selection of Grounding Material:

O Choose materials like copper for low resistance or galvanized steel for cost-effectiveness in less corrosive
environments.

O In case of more corrosive environments, corrosion-resistant materials such as copper-bonded steel or stainless
steel should be used to ensure long-term reliability, as also guided by IS 3043.
. Installation of Earth Electrodes:
O Bury electrodes at a depth of at least 1.5 meters or as recommended by IS 3043 for maximum effectiveness.
. Equipotential Bonding:
O Bond all exposed metallic Part s and charging units to the grounding system.
. Testing Grounding System Resistance:

O Ensure the total resistance of the grounding system is within the permissible limits (typically <25 ohms for
installations as per IS 3043).

. Surge Protection Coordination:

O Integrate surge protection devices with the grounding system to safely dissipate transient currents.

Considerations for Effective Protection
. Safety Assurance:

O Proper grounding minimizes the risk of electrical shocks for users during faults or power surges.

. Equipment Protection:

O Grounding prevents equipment damage by providing a safe path for fault currents and voltage surges.
. Reduction of Stray Currents:

O Use equipotential bonding to minimize potential differences that can lead to stray currents and corrosion.
. Periodic Testing and Maintenance:

O Regularly inspect the earthing system for corrosion, physical damage, and effectiveness as per IS 3043 (e.g.,
measure ground resistance annually).

. Environmental Suitability:

O In high-moisture or saline environments, use corrosion-resistant materials such as copper-coated rods or
stainless steel.

. Compliance with Regional Guidelines:

O . Adhere to National Electrical Code and standards to ensure safety and avoid regulatory issues. (IS 3043
(Code of Practice for Earthing))



7.2 Installation of Residual Current Devices (RCDs)

RCDs are critical for AC EV charging installations to protect users from electric shock and ensure safety in the event of
fault currents. They are designed to disconnect circuits when residual current exceeding the set threshold is detected,

ensuring safe operation of AC chargers.

Pre-Conditions

« AC Fault Detection: RCDs for AC systems must detect residual AC currents and pulsating DC currents
caused by insulation faults or other anomalies.
. Compliance with Standards: Adhere to relevant Indian and international standards for RCD installation:
o 1S 12640 (Part 1) (RCCBs for AC systems).
o 1S 12640 (Part 2) (RCBOs for AC systems).
o Follow local guidelines for EVSE installations under IS 17017 (Part 1).

Components and Related Standards

Function Application in EV Relevant

Charging Standard
. Recommended for
Type A RCD Detects AC and pulsating DC fault single-phase AC EV IS 12640 (Part
currents 1)
chargers
. Required for chargers
Type B RCD Detects AC, pulsating DC, and smooth handling both AC and IS 12640 (Part
DC fault currents 2)
DC currents
Type F RCD Pr.owdes enhan-ced protection against Suitable for certain IEC 62423
mixed frequencies advanced chargers
. Recommended for
Type A RCD Detects AC and pulsating DC fault sl e AG BY IS 12640 (Part
currents 1)
chargers




Coordination of RCDs

Type A RCDs should be combined with Residual Direct Current Detecting Devices (RDC-DDs) when additional
DC leakage detection is required.

Type B RCDs provide comprehensive protection but may be more expensive.

Upstream vs. Downstream Coordination: Selectivity must be ensured between upstream and downstream

RCDs to avoid unnecessary disconnection.

Installation Checklist for RCDs

O 0o o o o o

Identify potential sources of AC and pulsating DC fault currents based on the charger design and environment.
Choose RCDs that compliment IS 12640 (Part 1) or IS 12640 (Part 2), ensuring proper fault detection capability.
Install RCDs near the power entry point or distribution board to maximize protection coverage.

Ensure RCDs are coordinated with overcurrent protection devices (OCPDs) to prevent nuisance tripping.
Testing and Maintenance:Regularly test RCD functionality using manual or automatic test buttons.

Inspect wiring and connections for proper operation and compliance with standards.

Considerations for Effective Protection

O

Type Selection: Use of Type A RCDs for typical AC EV chargers and Type B RCDs for advanced or hybrid

systems is recommended

O Compliance: Ensure all RCD installations align with IS 17017 (Part 1) and IS 12640 series for EVSE compliance.

O Coordination with Overcurrent Devices: Combine RCDs with MCBs or MCCBs (as per IS 60947 (Part 2)) to

ensure comprehensive fault protection.
Environmental Suitability: Use IP-rated enclosures (e.g., IP65 for outdoor installations) to protect RCDs from
environmental damage.

Surge Protection: Incorporate SPDs (as per IS 60269) to prevent damage to RCDs from voltage surges.



Additional Protection Using Residual Current Devices (RCDs)
EV supply equipment may have one or more connecting points to charge electric vehicles. If multiple connecting points
are used simultaneously from a common input terminal, each must have individual protection. Only in case, they

cannot be used simultaneously, common protection devices may be used.

Additional Protection Using Residual Current Devices (RCDs)

O Each connecting point must be protected by an RCD with a rated residual operating current not exceeding 30 mA.
O The RCD should be at least Type A to detect AC leakage currents and pulsating DC fault currents.
O RCDs must comply with:

O IS 12640 (Part 1) - RCCBs

O IS 12640 (Part 2) - RCBOs

O IS/IEC 60947-2 - Circuit Breakers with RCD functions

DC Fault Current Protection

For EV supply equipment with an AC socket-outlet or vehicle connector (as per IS 17017 / IEC 62196), additional
protection against DC fault currents is required. The options include:

. Type B RCD (detects AC, pulsating DC, and smooth DC leakage currents)

. Type A RCD + RDC-DD (disconnects supply if DC fault current exceeds 6 mA, as per IS/IEC 62955)

RCD Installation Guidelines

O Location: Install RCDs near the power entry point or distribution board for maximum protection.

O Isolation: RCDs must disconnect all live conductors (applicable to single-phase and three-phase systems).

O Selectivity: Where multiple RCDs are installed in a system, selectivity must be ensured between downstream
and upstream RCDs.

O Periodic Testing: Conduct regular manual or automatic tests to verify RCD functionality.

Safety Benefits of RCDs in Grounding Systems
« User Protection: Prevents electric shock in the event of insulation failures.
. Fire Prevention: Stops leakage currents that could lead to overheating or fire hazards.

. Equipment Safety: Protects charging units and vehicles from electrical faults.



7.3 Surge Protection Devices (SPDs)

A Surge Protection Device (SPD) is designed to protect electrical circuits and devices from voltage spikes and transient
over-voltages by diverting excess power to the ground.
SPDs are critical in EV charging setups to safeguard sophisticated electronic components against power surges,

especially from external sources like lightning, which are common in outdoor setups.

Pre-Conditions

. Grounding Requirements: Ensure the grounding system complies with IS 3043 (Code of Practice for

Earthing) to handle surge currents and allow safe passage to them.
. Installation Standards: Follow IS 16463 (Indian standard for SPDs) for installing surge protection devices in

electrical systems, ensuring safety and reliability.

Components and Related Standards

. SPD Types: Use Type 2 SPDs or a combination of Type 1 and Type 2 SPDs, as per IS 16463.

« Monitoring Mechanisms: Install SPDs with status indicators to monitor their health and operational status.

Installation Checklist for SPDs

O Assess Surge Risk: Determine the surge exposure level of the installation site, considering environmental factors
like lightning risk.

O Select Suitable SPD: Choose an SPD compliant with IS 16463 that matches the system’s voltage and surge
protection requirements.

O Proper Installation: Install the SPD close to the power entry point and ensure robust grounding.

O Integration with Other Protections: Coordinate SPD installation with other protective measures like circuit
breakers.

O Regular Testing and Maintenance: Schedule periodic checks to ensure SPD functionality and replace if

necessary.

Considerations for Effective Protection

O Ensure SPDs are rated for the specific voltage and current requirements of the EV charging station.
O Install SPDs at both the main incoming breaker and at individual charging points for layered protection
O Regularly review and adhere to IS 16463, IS 3043, and regional electrical codes to maintain system safety and

effectiveness.



7.4 Overload and Short Circuit Protection

Proper overload and short circuit protection is essential for the safety and reliability of EV charging stations. These
protective measures safeguard equipment, prevent electrical faults from escalating, and ensure user safety during

charging operations.

Pre-Conditions

. Load Assessment: Accurately calculate the expected load to select appropriate protection devices as per IS
17017 ((Part 1).
. Fault Level Analysis: Assess potential fault current levels to ensure protection devices can handle extreme
conditions, following IS/IEC 61439 (Switchgear and Control Assemblies).
. Compliance with Standards: Adhere to:
o IS/IEC 60898 (Part 1) : Protection against overloads in low-voltage circuits (MCBs).
o IS/IEC 60947 (Part 2) : Protection for industrial circuit breakers in EV supply equipment.

o IS 17017 (Part 1) : Guidelines for EV supply equipment protection.

Components and Related Standards

Relevant

Component Purpose Standard

Overcurrent Protection

Devices (OCPDs) Protect the system from continuous overload conditions. IS 60898 (Part 1)
h ircui N
Short C.II'CUIt . Handle sudden fault currents caused by short circuits. IS 60947 (Part 2)
Protection Devices
Res!dual Current Provide protection against ground faults and residual IS 12640 (Part 1)
Devices (RCDs) currents.
Surge Protection Protect against transient overvoltages caused by power
. . . . IS 16463
Devices (SPDs) surges or lightning strikes.
Protection of L . . _
Simultaneous Ensure individual protection for each connecting point in IS 17017 (Part 1),
Hraneod EVSE. Clause 13.1

Charging Points




Components and Related Standards

Component Purpose Relevant
P P Standard
Overload Protection of | Prevent overheating by limiting current exceeding cable IS 17017 (Part 1),
Cables capacity. Clause 13.2
Tripping Mechanisms Ensure protective devices trip within 1 minute if current IS 17017(Part 1),
for Overload exceeds 1.3x rated cable current. Clause 13.2
IS/IEC 60947
Compliance of Ensures all devices meet required standards for safety (Part 2), IS 12640
Protection Devices and reliability. (Part 2), IS 60898,
IS/IEC 16463

Installation Checklist

Device Selection:

O Choose protection devices rated for the station’s maximum load and fault current levels as per IS/IEC 60898
(Part 1) and IS/IEC 60947(Part 2).

Breaker Placement:

O Install breakers at key points, such as near transformers, distribution panels, and individual charging units, to
isolate faults effectively.

Coordination of Devices:
O Ensure proper coordination between upstream and downstream devices to avoid nuisance tripping and ensure

fault isolation.
Testing of Settings:

O Verify that breaker trip settings align with calculated load and fault levels.
Wiring and Connections:
O Use cables sized to match breaker ratings, ensuring no overheating or failure during faults, per IS 3961.

Grounding Integration:

O Connect all protection devices to a compliant grounding system, following IS 3043, to dissipate fault currents
safely.



Considerations for Effective Protection
. Overload Protection:
O Select devices that trip when load exceeds 80—100% of the device rating for extended periods, to prevent
overheating and damage.
. Short Circuit Protection:
O Install breakers with fast trip mechanisms to isolate high fault currents instantly, minimizing equipment damage.
. Coordination and Selectivity:
O Ensure upstream breakers trip only when downstream devices fail to isolate a fault, reducing unnecessary
disruptions.
. Thermal Protection:
O Use thermally activated breakers for gradual overcurrent situations caused by prolonged charging.
. Maintenance and Testing:
O Conduct regular inspections to ensure breaker functionality, including visual inspections and trip testing.
. Environmental Considerations:

0O For outdoor installations, use enclosures rated IP65/IP67 (per IS 60529) to protect devices from moisture and
dust.

. Standards Adherence:
O Ensure installations comply with IS 732 (Code of Practice for Electrical Wiring Installations) and local safety
codes for low-voltage installations.
Short-Circuit Protection Measures
. Short-Circuit Protection in Charging Cables:

O Mode 2 and Mode 3 charging stations must have built-in short-circuit protection if it is not already provided by

the upstream supply network.

. Short-Circuit Energy Limits (I?t) :

O EV socket-outlet of Mode 3 stations: Maximum 75,000 AZs.

O Vehicle connector (Case C) of Mode 3 stations: Maximum 80,000 AZs, in alignment with ISO 17409:2020.
. Protection Location:

O Short-circuit protection may be installed within the EV charging station, the fixed installation, or both.

. Prospective Short-Circuit Current Determination:

O The expected fault current at the connection point of the cable assembly must be analyzed, ensuring protective
devices can interrupt excessive currents without delays



7.5 Correct Cable Insulation and Protection

Proper cable insulation and protection are critical for ensuring safety, reliability, and efficiency in EV charging systems.
The materials, design, and standards used for cable insulation must meet the specific electrical and mechanical

demands of EV charging operations, while also accounting for environmental and usage conditions.

Pre-Conditions

. Voltage Requirements:
o EV batteries typically operate at 400V or higher, while Plug-in Hybrid Electric Vehicles (PHEVs) require
voltages between 100—200V, directly influencing cable insulation design and thickness.
o Insulation must support the operating voltage to prevent dielectric breakdown under load.
o Use cables rated for the charger’s operating voltage, including high ratings for DC fast chargers (up to
1000V).
. Compliance with Standards:
o High-voltage cables must adhere to IS 694 (PVC Insulated Cables), IS 1554 (Part 1), and IS 17017 (Part
1) for safety and reliability.
- Environmental Suitability:

o Ensure cables are rated for outdoor and wet conditions to maintain functionality during adverse weather.

Components and Related Standards

Description :Selection based on electrical and Relevant
Component: )
environmental demands Standard
PVC Basic insulation for moderate temperature resistance (90— IS 694, IS 17017
105°C). (Part 1)
TPU Flexible and wear-resistant for harsh environments. IS 17397
Enhanced resistance for high electrical loads (up to 125°C
XLPE or 150°C for irradiated XLPE). IS 7098
XLFE/Silicone :j)lggzt:)-(t)?g)perature insulation for extreme applications (up S 7098




Components and Related Standards

Description :Selection based on electrical and Relevant
environmental demands Standard

Component

Oil-resistant, weatherproof jackets to ensure durability in

. . IS 5831
automotive environments.

Outer Jackets

Mechanical Abrasion, crush, and impact resistance to ensure longevity

Performance under physical stress. IS 1554 (Part 1)

Installation Checklist
. Material Selection:

O Choose insulation material based on the operational environment, voltage requirements, and expected
temperature ranges.

O Ensure oil-resistant outer jackets for durability in automotive environments.

. Voltage and Current Matching:

O Verify that the cable’s voltage and current ratings align with the station’s power output and vehicle requirements.

. Flexibility Assessment:

O Install cables that maintain flexibility for ease of use, especially in confined or dynamic setups.

O Ensure cable bends comply with the minimum bending radius specified by the manufacturer.

. Protection Against Mechanical Stress:

00 Use strain relief systems to secure cables and prevent mechanical damage during charging operations.

O Protect exposed cables with additional covers or conduits in high-impact areas.

. Waterproofing:

O Ensure cables meet standards for wet environments and test for leakage or insulation failure during
commissioning.

. Testing and Inspection:
O Perform high-voltage insulation resistance tests to verify the cable’s ability to handle peak voltages without
breakdown.
O Inspect for physical damage, secure terminations, and proper crimping.



Considerations for Effective Protection
. Thermal Resistance:
O Ensure cables can withstand operational temperatures and surges without degradation.

O Use XLPE or silicone insulation for high-temperature applications.
. Wet and Outdoor Usage:
O Use cables rated for wet environments to maintain safety and reliability during rain or snow.
. Mechanical Durability:
O Test cables for abrasion and impact resistance to ensure long-term functionality under physical stress.

. Compliance Testing:

O Regularly test cables for insulation resistance, continuity, and performance to ensure ongoing safety and

reliability.

Dielectric With stand Voltage (IS 17017 (Part 1))

Test Parameter Requirement
QS \:Vir:]hizt)and Voltage (50 Class I: Un + 1,200V (r.m.s.)
Class II: 2 x (Un + 1,200V) (r.m.s.)
Double/reinforced insulation: 2 x (Un + 1,200V) (r.m.s.)
Alternative DC Test Peak AC values are allowed
Strain Relief Compliance IS 17017(Part 2/Sec 1), IS 1293




7.6 Protection from Mechanical Damage

Mechanical damage to cables, connectors, and other components in EV charging stations can compromise safety,
reliability, and functionality. Implementing robust protective measures ensures the longevity of the equipment and

minimizes risks associated with physical stresses, wear, and environmental factors.

Pre-Conditions

« Risk Assessment:
o Evaluate potential sources of mechanical damage, including vehicular impact, environmental factors (e.g.,
temperature, UV exposure), and routine wear and tear.
- Material Durability:
o Select materials that can endure high impact forces that are likely in the service condition, abrasion, and
harsh environmental conditions.
. Compliance with Standards:
o IS 1554 (Part 1) for cable protection.

o Clause 26 for IS 17017 (Part 2/Sec 1) for connector durability under mechanical stress.

Components and Related Standards

« Cable Jackets:
o Use outer jackets made of oil-resistant and weatherproof materials like TPU or XLPE.
« Protective Covers and Enclosures:
o Install covers and housings to shield cables and connectors from direct impact and environmental
exposure.
. Cable Trays and Conduits:

o Employ reinforced cable trays or conduits for routing cables in high-traffic or exposed areas.

Installation Checklist
. Proper Routing of Cables:
O Route cables through conduits or trays to minimize exposure to physical stress.

O Avoid sharp bends and ensure compliance with the minimum bending radius specified by the manufacturer.

. Use of Strain Relief:

O Install strain relief mechanisms to prevent tension and pulling forces on cables and connectors.

. Installation of Bollards or Barriers:

O Position physical barriers to protect charging units and cables from vehicular impact.

. Environmental Protection:

O Use UV-resistant and waterproof materials for outdoor installations to prevent degradation.



. Marking and Signage:
O Clearly mark protected areas and restrict access to minimize accidental damage during maintenance or user
operations.
. Testing:

O Conduct mechanical stress tests, including crush resistance, impact, and abrasion tests, to ensure durability.

Considerations for Effective Protection
. Abrasion and Impact Resistance:

O Select cables and connectors designed to withstand frequent contact with rough surfaces or heavy objects.

. Weatherproofing:

O Use materials resistant to temperature extremes, moisture, and UV exposure, adhering to IS/IEC 60529 (IP
ratings).
. Flexible Cables for Dynamic Areas:

O Employ flexible cables where movement is frequent, such as around vehicles, and secure them with proper

cable management systems.

. Regular Inspections:
O Periodically inspect cables, barriers, and enclosures for signs of damage or wear and perform necessary
repairs.
. Fire Resistance:

O Use fire-retardant materials compliant with IS 17017 (Part 1) to mitigate fire risks in high-temperature or fault-

prone areas.



7.7 Lockout/Tagout Procedures (LOTO)

Lockout/Tagout (LOTO) procedures are essential safety practices in EV charging stations to prevent accidental
energization or release of hazardous energy during maintenance or servicing. These procedures protect personnel from

electrical, mechanical, and operational hazards by ensuring proper isolation of energy sources.

Pre-Conditions

- Risk Identification:
o ldentify all potential energy sources, including electrical, mechanical, and stored energy, within the
charging station infrastructure.
. System Documentation:
o Maintain detailed diagrams and documentation of energy isolation points, including circuit breakers,
transformers, and charging units.
. Compliance with Standards:
o Adhere to safety standards, including:
= IS 17017 (Part 1) (General Requirements for EVSE).
» CEA Safety Regulations for energy isolation in EV installations.

= IS 16813 — Safety of machinery — Prevention of unexpected startup.

= Reference OSHA 1910.147 for general LOTO principles, adapted to Indian contexts.

Components and Related Standards

Component Description Relevant
S » Standard
Energy Isolation Circuit breakers, disconnect switches, and valve locks to ISAEC 61439,
Devices revent unauthorized operation IS/IEC 60947
P P ' (Part 2)
LETE) Lerts Al Tags Durgble locks and tags for clear identification of isolated IS 3646
equipment and responsible personnel.
Keyed Systems Keyed-a!lke or keyed-differently systems for operational Indusjtry best
complexity management. practices
Emergency Stop . . IS/IEC 60947
Buttons Integrated E-Stop buttons for immediate power shutdown. (Part 5 /Sec 5)




Installation Checklist

Isolation Point Identification:

O Clearly mark and document all energy isolation points with permanent labels.

LOTO Equipment Setup:
O Install lockable disconnect switches and ensure all equipment can be secured in the “off” position.

O Ensure emergency stop buttons remain locked when the system is under LOTO

Signage and Labels:

O Attach clear warning signs and instructional labels on equipment and isolation points.

Emergency Access:

O Ensure that emergency stop buttons are accessible and functional during maintenance operations.

Training and Awareness:

O Train all personnel in proper use of LOTO procedures and equipment, including identifying isolation points and
using locks and tags.

Considerations for Effective Protection

Electrical Isolation:

O Always disconnect equipment from the grid and verify de-energization with voltage testing before starting
maintenance.

Securing Isolation Points:

O Use durable and tamper-resistant locks to prevent accidental or unauthorized re-energization.

Visible Tags:

O Tags should clearly display information about the isolated equipment, the responsible technician, and the
reason for lockout.

Sequential Locking:

o Establish protocols for locking out multiple devices in sequence to ensure complete system isolation.

Periodic Audits:

O Conduct regular audits of LOTO procedures to ensure compliance with safety standards and address gaps.

Stored Energy Discharge:

o Safely discharge stored energy from capacitors, batteries, or other components before initiating work.

Team Coordination:

O When multiple personnel are involved, implement a group lockout procedure to ensure all workers are

protected.



7.8 Proper Personal Protective Equipment (PPE)

The use of Personal Protective Equipment (PPE) in EV (Electric Vehicle) charging works is critical for ensuring the
safety of technicians, engineers, and maintenance personnel who install, operate, or maintain electric vehicle charging

stations. Given the high-voltage nature of the equipment and the risk of electrical hazards, PPE is essential to minimize

the likelihood of injury from electrical shocks, burns, and other workplace hazards.

Components and Related Standards

Component Description Relevant
P P Standard
Electrical Insulating High-voltage insulating gloves compliant with IS 4770;
IS 13774
Gloves must be free of tears or punctures.
Fl -resi lothi f ials like N
Are Flash Glothing ame-resistant clothing made of materials like Nomex to IS 15748

protect against arc flash burns.

Safety Glasses/Face ANSI-certified safety goggles or shields to protect against IS 8521 (Part 1) :
Shields sparks, molten metal, or chemicals. 2022

Class G or Class E helmets to protect against electrical

Hard Hats and mechanical hazards.

IS 2925

Earplugs or earmuffs to block harmful noise levels during

. . . IS 9167
installations or maintenance.

Hearing Protection

S S Non-gonductlve b.oots.W|th insulated soles to reduce IS 15298
electrical conduction risks.

Respirators for confined spaces or exposure to airborne

chemicals, compliant with 1S 9623. IS 9623

Respiratory Protection




Task-Specific PPE:

o Assign PPE based on specific tasks, such as using arc-rated clothing during live electrical work and gloves

during connections.

Regular Testing:

o Conduct regular testing of insulated gloves and boots to ensure they meet electrical resistance standards.
Emergency Preparedness:

o Have additional PPE available for emergencies, such as chemical-resistant suits in the event of spills.
Compliance Audits:

o Periodically audit PPE practices to ensure adherence to safety standards and proper usage.
Layered Protection:

o Combine PPE with other safety measures, such as lockout/tagout procedures and warning signs, for

comprehensive protection.



7.9 Use of Arc Flash Protection

Arc flash protection is critical for ensuring the safety of personnel and the reliability of EV charging infrastructure. Arc
flash incidents can result from high-energy electrical faults and pose severe risks, including burns, equipment damage,

and operational disruptions. Implementing arc flash protection measures ensures safety, compliance with standards,

and operational continuity.

Pre-Conditions

. Risk Assessment and Planning:
o Conduct an arc flash hazard analysis to identify fault-prone zones and potential risk levels.
o Adhere to IS 17017 (Part 1) (General Requirements for EVSE) and CEA Safety Regulations for energy
systems.
o Select arc flash protection devices, such as relays and sensors, designed to meet the system's voltage
and fault-current requirements.
. System Design Considerations:

o Incorporate design elements that minimize the likelihood of arcing, such as durable connectors and

insulated barriers.

Components and Related Standards

Component Description Relevant
P P Standard

Arc Flash Relays and Relays isolate affected zones during faults; sensors IS/IEC 61439, IS
Sensors provide real-time arc detection and response triggering. 17017 (Part 1)

Use high-quality connectors to reduce wear and prevent

Durable Connectors .
loose contacts that can cause arcing.

IS 17017 (Part 2)

Emergency Shutdown Equip stations with E-Stop buttons for immediate de- IS/IEC 60947
Systems energization during faults. (Part 5/Sec 5)




Installation Checklist
. Install Protection Components:

O Integrate arc flash relays and sensors at critical points in the system, such as near transformers and charging
units.

O Use durable, high-quality connectors designed to minimize wear and prevent loose connections.

O Sync protection devices with the charging system for automated fault response and fast isolation.

. Test and Commission:
O Simulate arc flash events during commissioning to validate the effectiveness of protective mechanisms.
O Verify the functionality of emergency shutdown systems and ensure all safety systems respond as intended.

O Train operators on incident protocols, including identifying hazards and using emergency systems.

Considerations for Effective Protection
. Regular Monitoring and Maintenance:
O Schedule periodic inspections of arc flash sensors, relays, and connectors.
O Use diagnostic tools to monitor system health in real-time and detect potential faults before they escalate.

O Upgrade components to align with the latest standards and technologies.

. Emergency and Response Readiness:
O Develop a clear incident response plan, including immediate safety measures, reporting protocols, and recovery
processes.
O Equip charging stations with redundancy mechanisms to minimize disruptions during maintenance or
emergencies.
O Train personnel in arc flash safety measures, including the use of PPE and handling of energized equipment.
. System Upgrades and Scalability:
O Plan for future upgrades by selecting components that are compatible with emerging technologies and
standards.

O Use modular designs for easy integration of additional arc protection features.



7.10 Emergency Shutdown Procedures

Emergency shutdown procedures are crucial for ensuring the safety of users, operators, and equipment during faults,
arc flash incidents, power surges, or other hazardous situations in EV charging stations. These procedures must allow

for rapid power isolation, minimizing risks to personnel and infrastructure.

Pre-Conditions

- Risk Identification:
o ldentify potential emergency scenarios such as electrical faults, arc flash incidents, fire hazards, or user
mishandling.
. System Design:
o Incorporate emergency shutdown mechanisms during the design phase, ensuring easy access and
seamless integration with other safety systems.
. Compliance with Standards:
o Adhere to:
= IS/IEC 60947 (Part 5/Sec 5) (Emergency Stop Devices).
« IS 17017(Part 1) (EV charging station safety and operational standards).

= Local fire and safety codes for hazard mitigation.

Components and Related Standards

Relevant

Component Description Standard

Emergency Stop (E- Immediate de-energization of the charging station; IS/IEC 60947
Stop) Buttons positioned for easy access. (Part 5 /Sec 5)

o _ . . . . IS/IE ,
Circuit Breakers and Quick isolation of electrical power during emergencies to S/IEC 60898
Disconnects revent further damage ISIEC 60947

P ge: (Part 2)

Fire Suppression Integr.ated with emergency systems to mitigate fire risks Local fire codes
Systems effectively.
Remote Monitoring Enable operators to shut down stations remotely upon

and Control detecting faults via monitoring systems. IS 17017 (Part 1)




Installation Checklist

E-Stop Button Installation:
O Place E-Stop buttons at visible and easily accessible locations, ensuring at least one button per charging unit.

O Ensure compliance with IS/IEC 60947 (Part 5/Sec 5) for emergency stop devices.

Circuit Breaker Placement:
O Install circuit breakers at distribution panels and near transformers for rapid isolation of power.

O Ensure proper labeling of breakers for easy identification.

Signage and Labels:

O Install clear signage indicating the location and purpose of emergency shutdown devices.

System Integration:

O Sync E-Stop buttons and circuit breakers with monitoring systems to enable automatic fault reporting.

Remote Access Testing:

O Test remote shutdown functionality via the central control system to ensure reliability during emergencies

Considerations for Effective Protection

User and Operator Safety:
O Ensure emergency systems de-energize the charging station safely without creating additional hazards.

O Equip stations with visual (LED indicators) and auditory alarms to signal shutdown events.

Accessibility:

O Emergency devices must be accessible to users, technicians, and emergency responders, even under adverse
conditions.

Maintenance and Testing:

O Regularly inspect and test emergency shutdown devices, ensuring they remain operational and compliant with
safety standards.

Incident Response Planning:

0O Develop and train staff in a clear emergency response plan, covering shutdown activation, fault isolation, and
post-incident procedures.

System Recovery:

O Implement clear protocols for safely restoring power after resolving the emergency.



7.11 Power Quality Considerations during Installation

7.11.1 Voltage Stability and Regulation

Voltage stability and regulation are critical for ensuring the efficient and safe operation of EV charging stations.
Variations in voltage levels can lead to equipment inefficiencies, overheating, or even damage, making it essential to

address these factors during installation and operation.

Pre-Conditions

. Grid Voltage Fluctuations:
o Assess the local grid's ability to maintain stable voltage levels under varying load conditions.
o Verify the capacity of transformers and the presence of voltage stabilizers in the supply network.
« Load Characteristics:
o Understand the voltage demand of the charging infrastructure, especially for high-power DC fast chargers,
which impose significant loads on the grid.
. Compliance with Standards:
o Ensure adherence to:
= IS 17017 (Part 1) (General requirements for EVSE).

= IS 732 (Code of practice for electrical wiring installations).

Component Description Relevant
P P Standard
Voltage Regulators Automatlgally adjust voltage levels to ensure consistent IS 9815
power delivery to EV chargers.
Transformers Sglect transformers deS|'gned to handle peak loads IS 2026
without causing voltage instability.
Voltage Monitoring Devices that track voltage levels continuously, detecting Industry best
Devices fluctuations and triggering protective actions. practices
Surge Protection Protect against transient voltage spikes caused by grid IS 16463
Devices (SPDs) faults or lightning.




Installation Checklist

Voltage Stabilizer Integration:

O Install stabilizers to manage fluctuations, especially in areas with unstable grid connections.

Transformer Selection:

O Use transformers rated for both typical and peak loads, ensuring sufficient headroom for future scalability.

Cable Sizing and Routing:

O Choose cables with appropriate cross-sectional areas to minimize voltage drops along the length of the
installation.

Voltage Drop Management:

O Calculate and verify that voltage drops along cable runs are within permissible limits (typically 2—3%).

Surge Protection Installation:

O Deploy SPDs at critical points, such as near distribution boards and chargers, to protect against voltage
transients.

Real-Time Monitoring Systems:

O Install monitoring devices to track voltage levels and identify instability in real-time.

Considerations for Effective Protection

Dynamic Load Balancing:

O Use advanced controllers to distribute load evenly across chargers, preventing localized voltage drops.
Energy Storage Integration:

O Add battery energy storage systems to buffer sudden voltage dips caused by high-power charging operations.
Remote Monitoring and Control:

O Implement remote management systems to adjust voltage settings dynamically based on real-time data.

Proactive Maintenance:

O Regularly inspect transformers, stabilizers, and cables to ensure they are functioning optimally and have not
degraded.

Grid Coordination:

O Work with local utilities to synchronize operations with grid capacity, especially during peak demand hours.



7.11.2 Harmonic Distortion Mitigation

Harmonic distortion, caused by non-linear loads such as EV chargers, can disrupt power quality, reduce system
efficiency, and damage connected equipment. Mitigating harmonic distortion ensures compliance with standards like

IEEE 519-2022, enhances system performance, and minimizes risks to the local grid.

Pre-Conditions

« Assessment of Harmonic Sources:
o ldentify non-linear loads in the EV charging system that contribute to harmonic distortion.
o Evaluate the harmonic spectrum to determine the severity and order of harmonics.
. Compliance with Standards:
o Ensure harmonic distortion levels remain below 5% Total Harmonic Distortion (THD) as specified by IEEE
519-2022.
. System Design Considerations:
o Include harmonic mitigation measures during the design phase, considering station size and load

characteristics.

Installation Checklist
. Filter Placement:
O Install harmonic filters (active or passive) close to EV chargers or power converters for optimal effectiveness.
. Capacitor Integration:
O Use capacitors with filters to manage harmonic currents while maintaining proper reactive power balance.
. Monitoring Systems:

O Deploy power quality analyzers to continuously monitor THD levels and provide real-time data on harmonic
performance.

. Component Sizing:

O Ensure harmonic filters and transformers are sized to handle the power rating and load demands of the station.
. System Redundancy:

O For large stations, incorporate redundant filtering systems to ensure continuous mitigation during maintenance.

. Grounding:

O Properly ground harmonic filtering equipment to enhance safety and efficiency.



Considerations for Effective Harmonic Mitigation
« Active vs. Passive Filters:
o Use active filters for dynamic and variable harmonic loads.
o Employ passive filters for simpler setups with consistent harmonic profiles.
« Filter Positioning:
o Place filters as close as possible to the harmonic source (chargers or converters) to maximize effectiveness.
- Power Quality Management:
o Combine harmonic filters with power factor correction devices for comprehensive power quality improvement.
« Inspection and Maintenance:
o Schedule regular maintenance and inspection of harmonic filters to ensure optimal performance and detect
potential failures.
- Scalability:

o Design harmonic mitigation systems to accommodate future load growth or the addition of new chargers.

7.11.3 Overcurrent Protection

Overcurrent protection is critical for safeguarding EV charging stations against overloads and short circuits that could

cause thermal or mechanical damage to conductors, equipment, or surroundings. Proper selection, installation, and

maintenance of protective devices ensure system safety and compliance with applicable standards.

Pre-Conditions

. Load Assessment:
o Analyze the maximum expected current during operation, including peak loads and fault scenarios.
o Consider the type of chargers (e.g., AC, DC fast chargers) and their specific load requirements.
. Compliance with Standards:
o Adhere to:
« |IS/IEC 60898 (Part 1) (Overcurrent Protective Devices for low-voltage installations).
= IS/IEC 60947 (Part 2) (Low-voltage switchgear and industrial circuit breakers).
. System Design Requirements:

o Ensure overcurrent devices are compatible with the system voltage, current ratings, and fault levels.



Installation Checklist
. Device Selection:

O Choose overcurrent protection devices (e.g., MCBs, MCCBs, fuses) rated for the station’s load capacity and
fault levels.

. Placement of Devices:

O Install breakers at key points, such as near transformers, distribution panels, and individual chargers.

. Coordination of Devices:
O Ensure proper coordination between upstream and downstream protective devices to isolate faults effectively
and avoid nuisance tripping.
. Wiring and Connections:

O Use cables sized to handle the maximum current without exceeding their thermal limits.

. Testing and Calibration:

O Calibrate overcurrent protection devices to match the system's load profile and operational conditions.

Considerations for Effective Protection

« Overload Protection:
o Set devices to trip when currents exceed 80-100% of the device rating for extended periods to prevent
overheating.
« Short Circuit Protection:
o Use devices with fast trip mechanisms to isolate high fault currents immediately and limit equipment damage.
- Selective Coordination:
o Ensure upstream breakers trip only when downstream devices fail to isolate faults, minimizing disruption to
unaffected areas.
« Environmental Suitability:
o For outdoor installations, use devices housed in IP65/IP67/IS 1206 enclosures to protect against moisture and
dust.
. System Scalability:

o Design overcurrent protection systems with spare capacity to accommodate future load increases.



7.11.4 Reactive Power Management

Reactive power management is essential for maintaining efficient and stable operation of EV charging stations.
Reactive power, caused by inductive or capacitive loads in the system, can lead to inefficiencies, voltage instability, and
increased energy costs. Proper management ensures that the power factor is optimized, reducing losses and

enhancing grid compatibility.

Pre-Conditions

. Load Analysis:
o ldentify sources of reactive power in the charging system, such as transformers, cables, and inductive
chargers.
o Evaluate the power factor to assess the proportion of reactive power in the system.
. Compliance with Standards:
o Adhere to:
« IS 17017 (Part 1) (General requirements for EVSE).
= IS 732 (Code of practice for electrical wiring installations).
= CEA Grid Standards for reactive power compensation in grid-connected systems.
« Coordination with Grid Operators:

o Ensure the charging station meets grid operator requirements for reactive power compensation.

« Power Factor Correction Devices:
o Capacitor Banks: Offset inductive loads by generating leading reactive power.
o Active Power Factor Correction Units (APFC) : Automatically adjust compensation based on load
conditions.
- Harmonic Filters:
o Prevent harmonics from interfering with power factor correction equipment.
. Voltage Regulators:
o Stabilize voltage levels to prevent reactive power fluctuations.
. Energy Storage Systems (ESS) :
o Buffer reactive power during peak demands, enhancing system efficiency.



Installation Checklist

Power Factor Assessment:

O Measure the existing power factor and determine the required compensation level to achieve unity or near-unity
power factor.

Placement of Correction Devices:

O Install capacitor banks or APFC units close to inductive loads to minimize reactive power generation at the
source.

Integration with Monitoring Systems:

O Use power quality analyzers to monitor and manage reactive power dynamically.

Harmonic Filtering:

O Install filters alongside correction devices to prevent harmonic interference.

Grid Compliance:

O Coordinate with utility providers to ensure reactive power compensation meets local grid requirements.

Considerations for Effective Reactive Power Management

Dynamic Compensation:
o Use APFC systems for dynamic adjustment to load changes, especially in fast-charging systems with variable
power demands.
Minimizing Losses:
o Properly sized correction devices reduce energy losses in transformers and cables.
Improving Voltage Stability:
o Reactive power compensation enhances voltage stability, preventing fluctuations during peak loads.
Energy Cost Optimization:
o Reduce penalties imposed by utilities for poor power factors through effective compensation.
Scalability:

o Design systems to handle future increases in load and reactive power demand



7.11.5 Load Balancing

Load balancing is a critical technique in EV charging stations to distribute electricity evenly across multiple charging
points or phases. It optimizes energy usage, prevents overloading of the grid, and enhances charging efficiency,

especially in high-demand scenarios. Effective load balancing ensures operational stability and reduces energy costs.

Pre-Conditions

« Power Demand Analysis:
o Assess the total load capacity of the charging station and its peak usage patterns.
o ldentify charging types (AC, DC fast charging) and the variability of demand across time.
. Compliance with Standards:
o Adhere to:
= 1S 17017 (Part 1) (General requirements for EVSE).
= IS 732 (Code of Practice for Electrical Wiring Installations).
« Utility-specific load management regulations and guidelines.
. Grid Capacity Coordination:
o Collaborate with local utilities to ensure the grid can support dynamic load variations without

compromising stability.

Components and Related Standards

. Dynamic Load Balancing Systems (DLBS) :
o Automatically distribute available power among active chargers based on demand.
« Load Controllers:
o Manage power allocation in real-time to prevent overloading.
. Energy Management Systems (EMS) :
o Monitor and optimize energy distribution across the entire station.
« Smart Chargers:
o Chargers equipped with communication protocols (OCPP) to Part icipate in load balancing.
. Energy Storage Systems (ESS) :

o Store surplus energy during low-demand periods to offset peaks.



Installation Checklist
. Capacity Planning:
O Calculate the maximum load capacity and ensure it aligns with the station's transformer and distribution
capabilities.
. Integration of Load Balancers:

O Install dynamic load balancing systems at distribution panels to control power allocation in real-time.

. Phase Balancing:

O Distribute loads evenly across three-phase systems to minimize imbalances and prevent overheating.

. Monitoring Systems:

O Deploy power quality analyzers to track energy consumption and detect overload conditions.

. Redundancy Setup:

O Include redundant load balancing systems to ensure continuous operation during maintenance or failures.

Considerations for Effective Load Balancing

« Dynamic Power Distribution:
o Use real-time load management systems to allocate power based on the number of active chargers and the
charging rate required.
- Scalability:
o Design the system to accommodate future expansion, such as adding new chargers or integrating renewable
energy sources.
- Energy Efficiency:
o Reduce energy waste by prioritizing power delivery to chargers that require it most.
« Grid Stability:
o Coordinate with utilities to prevent grid overloading during peak demand by enabling load throttling or demand
response mechanisms.
. Demand Forecasting:
o Use historical data and predictive analytics to anticipate peak usage periods and adjust load distribution

proactively.



7.11.6 Voltage Imbalance Prevention

Voltage imbalance occurs when the voltage across three phases is uneven, leading to inefficiencies, equipment
damage, and operational instability in EV charging stations. Effective prevention strategies ensure the reliability and

safety of the charging infrastructure while optimizing energy efficiency.

Pre-Conditions

- Load Assessment:
o ldentify potential sources of imbalance, such as uneven distribution of chargers across phases or grid
fluctuations.
o Analyze the charging station's load profile, especially during peak demand periods.
. Compliance with Standards:
o Follow standards like IS 17017 (Electrical installations for EVs), IS 17036 and CEA Guidelines (Power
quality monitoring) for voltage balance requirements.
. System Design:
o Ensure the system is designed to accommodate dynamic load changes and maintain balance under

varying conditions.

Installation Checklist
. Load Distribution Planning:
O Assign chargers evenly across all three phases during the design phase to prevent phase overloading.
. Phase Monitoring Integration:

O Install phase monitoring relays to detect and respond to imbalances in real-time.

. Voltage Regulation Setup:

O Use voltage regulators at critical points in the system to stabilize fluctuations and maintain balance.

. Transformer Selection:

O Choose transformers designed to handle imbalances and support dynamic load adjustments.
. Cable Sizing:
O Ensure cables are appropriately sized for each phase to minimize voltage drops and resistive losses.

. Surge Protection:

O Install surge protection devices (SPDs) to prevent voltage spikes that could exacerbate imbalances.



Considerations for Effective Prevention

« Dynamic Load Adjustment:
o Use smart load balancing systems to dynamically adjust loads across phases as demand varies.
« Grid Coordination:
o Work with utility providers to monitor and mitigate grid-induced imbalances.
« Monitoring and Alarms:
o Continuously monitor phase voltages with alarms for quick identification and resolution of imbalances.
- Predictive Maintenance:
o Regularly inspect transformers, cables, and connectors for wear or damage that could cause imbalances.
- Scalability:
o Design systems with flexibility to handle additional chargers or future expansions without compromising

balance.

7.11.7 Power Quality Monitoring Equipment

Power quality monitoring equipment plays a vital role in ensuring the safe, efficient, and reliable operation of EV
charging stations. It detects, measures, and analyzes power quality issues such as voltage fluctuations, harmonic
distortion, and imbalances, enabling operators to proactively address problems and maintain compliance with

international standards.

Pre-Conditions

. Assessment of Monitoring Needs:
o ldentify key power quality parameters to be measured, such as voltage, current, harmonic distortion, and
power factor.
o Determine the critical points in the charging station infrastructure for equipment installation.
. Compliance with Standards:
o Ensure equipment adheres to standards such as IS 18475 (Power quality measurement methods).
« Grid Coordination:

o Collaborate with utility providers to ensure compatibility with grid requirements and reporting protocols.



Components and Related Standards

- Power Quality Analyzers:
o Continuously measure voltage, current, frequency, and harmonics in real time.
« Harmonic Analyzers:
o ldentify and measure harmonic distortions to assess compliance with IS 17017 (Part 1).
- Energy Meters:
o Measure active, reactive, and apparent power, as well as energy consumption trends.
. Voltage Monitoring Relays:
o Detect voltage sags, swells, and imbalances and trigger alarms or corrective actions.
. Data Loggers:
o Record power quality data over time for trend analysis and reporting.
« Communication Protocols:
o Use standards like Modbus, BACnet, or IS/IEC 61850 to integrate monitoring devices with the station’s

energy management system (EMS).

Installation Checklist

Device Selection:

O Choose equipment suited for the station's power capacity and monitoring needs, ensuring scalability for future
expansions.

Sensor Placement:

O Install sensors and analyzers at key points, such as near transformers, distribution boards, and individual
chargers.

Integration with EMS:

O Connect monitoring devices to the energy management system for centralized data analysis and remote
monitoring.

Communication Setup:
O Ensure seamless communication between devices using standardized protocols like Modbus or IS/IEC 61850.

Calibration and Testing:

O Calibrate all devices to ensure accurate measurements and validate their functionality under simulated load
conditions.



Considerations for Effective Monitoring
« Real-Time Alerts:
o Enable notifications for critical power quality issues, such as voltage sags, harmonic distortion, or phase
imbalances.
. Data Analytics:
o Use advanced analytics to interpret trends and predict potential issues before they escalate.
« Remote Monitoring:
o Implement cloud-based systems for remote access to power quality data and alerts.
. Compliance Reporting:
o Generate automated reports to ensure ongoing compliance with IS 18732 and utility requirements.
- Scalability:

o Ensure monitoring systems can handle additional loads and new chargers as the station expands.

Testing
. Baseline Measurements:
o Capture baseline power quality metrics during commissioning to establish benchmarks for future comparisons.
- Simulated Fault Testing:
o Test devices by simulating sags, surges, or harmonic distortions to validate response mechanisms.
- Periodic Calibration:
o Regularly calibrate monitoring devices to maintain accuracy over time.
. Data Validation:

o Verify that collected data matches actual conditions through cross-referencing with manual measurements.



7.12 Environmental Considerations

7.12.1 Weather

Pre-Conditions

. Climate Assessment:

o Analyze local climate patterns, including rainfall, humidity, and seasonal variations.
. Compliance with Standards:
o Follow IS 1206 for Ingress Protection (IP) ratings to ensure equipment is suitable for outdoor

environments.

« Weatherproof Enclosures:

o Enclosures must meet IP65 or higher for protection against water and dust in outdoor installations.
« UV-Resistant Materials:

o Use UV-stabilized plastics or coated metals for external components to prevent degradation under

prolonged sun exposure.

Installation Checklist
. Proper Enclosure Selection:
O Choose enclosures rated for the specific environmental conditions of the site.
. Canopy or Shelters:
O Install canopies or shelters over chargers to protect users and equipment from rain or snow.

. Sealed Connections:

O Use waterproof cable entries and connectors to prevent water ingress.



Considerations for Effective Protection
« Drainage Planning:
o Ensure proper site grading to prevent water pooling near chargers.
- Maintenance:

o Periodically inspect enclosures and seals for wear or damage.

7.12.2 Flood Risks

Pre-Conditions

« Flood Risk Assessment:
o Evaluate flood maps and historical data to determine the likelihood and severity of flooding at the
installation site.
. Elevation Planning:

o Plan for elevated installations in flood-prone areas.

- Elevated Foundations:
o Raise chargers above expected flood levels using platforms or pedestals.
- Waterproof Equipment:

o Use equipment rated for submersion if located in high-risk areas (e.g., IP67-rated devices).

Installation Checklist
. Foundation Height:
O Ensure chargers are installed at least 1 meter above the highest recorded flood level.
. Drainage Systems:
O Install site drainage systems to channel water away from the charging station.

. Backup Power:

O Use backup power systems positioned above potential flood levels to ensure operation during emergencies.



Considerations for Effective Protection
« Emergency Planning:
o Implement automatic shutdown features for chargers during flooding.
- Insurance Coverage:

o Secure insurance against flood-related damages for high-risk areas.

7.12.3 Temperature and ventilation

Pre-Conditions

« Temperature Extremes:
o Assess local temperature ranges to ensure equipment can operate efficiently under both hot and cold
conditions.
. Ventilation Planning:

o Design ventilation systems for chargers and enclosures to prevent overheating.

. Temperature-Tolerant Equipment:
o Select chargers rated for wide operating temperature ranges (e.g., -20°C to +50°C).
. Cooling and Heating Systems:
o Use active cooling (fans) or heating (heaters) in extreme climates to maintain optimal equipment

temperatures.

Installation Checklist
. Ventilation Design:
O Install vents or fans in enclosed spaces to ensure adequate airflow.
. Thermal Sensors:
O Deploy sensors to monitor internal equipment temperatures and trigger cooling or heating mechanisms.

. Shade Installation:

O Provide shading for chargers in areas prone to extreme heat to reduce thermal stress.



Considerations for Effective Protection

. Seasonal Adjustments:

o Adjust ventilation and cooling settings to match seasonal temperature variations.
« Regular Inspections:

o Inspect fans, vents, and temperature sensors for functionality and cleanliness.
« De-lcing Measures:

o In cold regions, implement measures to prevent ice buildup around chargers.

7.13 Electrical Safety Risks in EV Charging Stations

7.13.1 Overloading risks

Overloading occurs when the electrical demand on a charging station exceeds its designed capacity, leading to
overheating, equipment damage, and potential system failures. Proper load management and infrastructure planning

are essential to prevent overloading and maintain the safety and efficiency of charging stations.

Reasons for overloading

. Excessive Simultaneous Charging
o Multiple EVs drawing power from a single charging hub beyond its rated capacity.
o Insufficient power allocation per connection point leading to voltage drops and overheating.
. Improper Sizing
o Electrical infrastructure not designed to handle peak loads.
o Transformers, circuit breakers, and cabling undersized for actual demand.
« Grid Fluctuations
o Inconsistent power supply causing sudden overloading due to uneven energy distribution.
o Power factor variations leading to unexpected stress on electrical components.
. Lack of Load Management
o Absence of smart load balancing systems to optimize power distribution.
o Chargers operating without dynamic power allocation, causing uneven loads on different circuits.
« Harmonics and Power Quality Issues:
o Non-linear loads from chargers introduce harmonics, leading to increased neutral currents, overheating of

cables, and reduced power factor, further stressing the system.



Risks and Effects

« Equipment Damage
o Overheated cables, connectors, and transformers leading to insulation breakdown and component failure.
o Increased wear and tear on electrical infrastructure reducing its lifespan.
- Fire Hazards
o Excessive heat buildup in conductors and connections increasing the risk of electrical fires.
o Thermal runaway in components like circuit breakers,Batteries, cables and transformers causing uncontrolled
faults.
« Operational Downtime
o Charging station shutdowns due to damaged or tripped protective devices.
o Reduced availability of charging points leading to customer inconvenience.
« Grid Instability
o Large-scale overloading across multiple stations can cause localized grid disturbances.

o Potential voltage fluctuations affecting nearby residential and commercial consumers.

Isolation
Transformer
3y L o DC+
—‘:>— ? Additionalf DC output
| Stage
; (If Any) » be
4 i
i i <110% of
Earth Earth m:: :Z:? gj
Fault 1 Fault 2
ault ault EV
\Ib i i A v .
[ )

Figiure 7.1



7.13.2 Grounding faults

Grounding faults occur when an unintended connection forms between an electrical conductor and the ground, causing
current to flow through unintended paths. This can result in equipment damage, safety hazards, and operational

failures.

Reasons

« Improper Installation: Faulty grounding during the installation process or poor-quality grounding systems.
. Environmental Factors: Corrosion, moisture, or soil conditions affecting grounding systems.
. Damaged Components: Worn-out cables or connectors leading to compromised insulation and stray currents.

. System Aging: Deterioration of grounding materials over time, reducing effectiveness.

Risks and Effects

. User Safety Risks: Increased risk of electric shocks during charging operations.

. Equipment Damage: Sensitive components, such as chargers and controllers, may fail due to stray currents.

. Fire Hazards: High leakage currents can generate excessive heat, leading to potential fires.

. System Instability: Disruption of normal operations, resulting in downtime or reduced performance of the charging

station.

7.13.3 Short circuit risks

A short circuit occurs when an unintended electrical connection forms between two points with different potentials,
bypassing the intended circuit path. This results in excessive current flow, posing significant risks such as fire hazards,
equipment damage, and safety concerns for users and maintenance personnel. Implementing robust short-circuit

protection mechanisms ensures the reliability and safety of EV charging infrastructure.

Reasons

- Faulty Wiring: Poor installation, loose connections, or insulation failures can expose live wires, leading to
unintended contact.

. Component Failures: Defective chargers, damaged connectors, or malfunctioning circuit breakers may cause
electrical faults.

. Environmental Factors: Moisture ingress, dust accumulation, or debris inside the charging unit can create
unintended conductive paths.

- User Mishandling: Incorrect plug-in procedures, damaged vehicle connectors, or excessive force on cables can

cause short circuits.
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Risks and Effects

. Fire Hazards: Excessive current flow can generate intense heat, leading to insulation breakdown and potential fire
outbreaks.

. Equipment Damage: Critical charging components, including chargers, cables, and circuit breakers, may suffer
permanent damage.

. Safety Risks: Exposed conductive Part s during a short circuit increase the risk of electric shocks for users and
technicians.

. Operational Downtime: Short circuits may disrupt charging operations, requiring repairs and affecting service

availability.

7.13.4 Arc flash incidents

An arc flash occurs when an electric current conduction takes place jumps through the air between two conductive
points, producing intense heat, light, and pressure. These incidents can cause severe burns, equipment damage, and

even fatalities.

Reasons
. Faulty Connections: Loose or corroded terminals can lead to unstable electrical arcs.
. Damaged Insulation: Worn-out or degraded cable insulation may expose conductive elements, increasing the risk.
- Improper Maintenance: Failure to inspect and replace aging components can lead to hazardous conditions.
- Voltage Spikes: Sudden power surges or overvoltages in the system can trigger arc flashes.

« User Mishandling: Incorrect plug-in or removal of charging connectors under load conditions.

Risks and Effects
. Severe Burns and Injuries: Intense heat from arc flashes can cause life-threatening burns and injuries to users
and maintenance personnel.
. Fire Hazards: Sparks from an arc flash can ignite flammable materials, causing fires.
. Equipment Damage: Chargers, connectors, and internal circuitry may sustain irreparable damage.

. Service Interruptions: Stations may need to be shut down for repairs, leading to operational downtime.



7.13.5 Surge Induced Damages

Surge-induced damage occurs when surge protection devices (SPDs) are absent or fail to protect the system from
voltage surges leading to unregulated high voltage entering the charging station. This poses a risk to both equipment

and user safety.

Reasons
- Improper Selection or Installation: Using SPDs with insufficient capacity or incorrect placement in the system.
. Component Degradation: SPDs lose effectiveness over time due to repeated exposure to minor surges.
. Extreme Events: High-intensity surges (e.g., from lightning) that exceed the SPD’s maximum protection capacity,
along with the absence or improper installation of direct and indirect lightning protection systems.
. Lack of Maintenance: Regular checks and replacements are often overlooked, leading to undetected failures.

- Environmental Exposure: SPDs subjected to moisture, dust, or other contaminants may degrade faster.

Risks and Effects

. Equipment Damage: Chargers, cables, and control systems are vulnerable to overvoltage damage.

. Operational Downtime: Damaged equipment may necessitate shutdowns and costly repairs.

. Safety Hazards: Voltage surges can increase the risk of electrical fires and shocks.

. System Degradation: Prolonged exposure to surges without protection can lead to reduced efficiency and

reliability.

7.13.6 Battery overheating risks

Battery Overheating Risks in EV Charging
Battery overheating occurs when the temperature of an EV’s battery pack rises beyond safe operational limits during
charging. This can lead to reduced performance, permanent battery damage, or severe safety incidents such as

thermal runaway, fires, or explosions.

Reasons for Battery Overheating
. High Charging Speeds: Excessive current during fast or ultra-fast charging generates significant heat, Part icularly
in high-capacity DC chargers.
- Faulty Cooling Systems: Inefficient or malfunctioning thermal management systems in the vehicle or charging
station fail to regulate temperature effectively.
. Environmental Factors: High ambient temperatures worsen heat accumulation, especially in outdoor charging

stations with inadequate cooling.



. Battery Aging or Faults: Aging batteries or those with manufacturing defects develop higher internal resistance,
leading to increased heat generation during charging.
. Prolonged Charging: Extended charging sessions, Part icularly in public AC chargers, can cause gradual heat

buildup, leading to overheating.

Risks and Effects

Risk Factor Impact on Battery & Charging Station

Battery Damage Accelerated battery degradation, reducing lifespan and efficiency.
Safety Hazards Risk of thermal runaway, leading to fires or explosions in extreme cases.
Operational Failures Charging interruptions or reduced charging speeds due to safety cutoffs.
User Safety Risks Increased risk of burns, toxic gas exposure, and battery leaks.

Additional Considerations
. Batteries with higher internal resistance (due to aging or defects) generate more heat during charging,
increasing overheating risks.
. Thermal management solutions, such as liquid cooling systems, should be implemented in high-power DC
chargers to prevent overheating.
. Charging stations in hot climates must incorporate active cooling systems and real-time temperature

monitoring for safe operations.

7.13.7 Risks of Fire

Fire risks in EV charging stations arise from electrical malfunctions, overheating components, or battery-related
incidents. These fire incidents fires can cause severe property damage, pose safety hazards to users, and disrupt

operations.

Reasons

. Electrical Faults: Short circuits, arc flashes, or faulty wiring can generate sparks or excessive heat.

. Overheating Components: Prolonged charging or high-power charging without adequate cooling can lead to
overheating of cables, connectors, or chargers.

. Battery Malfunctions: Thermal runaway in EV batteries due to overheating, defects, or damage.

- Improper Maintenance: Accumulation of dust, corrosion, or poorly maintained equipment increases fire risks.

. Environmental Factors: Exposure to flammable materials or high ambient temperatures in or around the station.



Risks and Effects

. Property Damage: Fires can destroy charging equipment, nearby infrastructure, and vehicles. Location of the
charging infrastructure and the profile of the vicinity are important consideration for assessment of the risk.

. Safety Hazards: Increased risk of injuries or fatalities to users, staff, or passersby.

- Operational Downtime: Prolonged disruptions due to repair or replacement of damaged infrastructure.

. Legal and Financial Implications: Liability for damages, loss of public trust, and increased insurance costs

7.14 Risks from Poor Power Quality toin EV Charging Stations

7.14.1 Voltage instability

Voltage instability refers to fluctuations in the voltage supplied to EV charging stations. This can result in inconsistent

power delivery, reducing the efficiency and reliability of charging operations.

Reasons

« Grid Fluctuations: Variations in demand across the grid can lead to unstable voltage levels at the charging station.
- High Charging Loads: Multiple EVs charging simultaneously can strain the local grid, causing voltage drops.

. Distance from Grid Source: Stations far from substations may experience voltage drops due to line losses.

. Intermittent Renewable Energy Integration: Solar or wind power sources can cause voltage variations depending

on weather conditions.

Risks and Effects

. Charging Inefficiency:

o Unstable voltage results in slower rate of charging speeds, incomplete charging sessions, or higher energy
losses.

o EV onboard chargers may struggle to regulate input voltage, increasing charging time.

. Equipment Damage: Sensitive components, like power converters and controllers, may be damaged due to

voltage surges or drops.
. User Dissatisfaction: Longer charging times and unreliable operations can deter users from utilizing the station.

- Grid Impact: Persistent instability can contribute to broader grid disruptions in the surrounding area.



7.14.2 Harmonic distortion

Harmonic distortion refers to the presence of unwanted frequencies in the electrical supply, which deviate from the

standard sine wave. This can cause inefficiencies and stress in electrical systems, Part icularly in EV charging stations.

Reasons
« Nonlinear Loads: EV chargers, especially fast chargers, are nonlinear loads that draw current in a non-sinusoidal
manner, introducing harmonics into the system.
« Poor Grid Conditions: Grids with high penetration of harmonics from industrial or other electrical systems may
exacerbate distortion at charging stations.
. Improper Equipment Design: Chargers without adequate harmonic filtering mechanisms can inject harmonics

back into the grid.

Risks and Effects
- Overheating: Harmonics cause additional heat in transformers, cables, and connectors, increasing the risk of
insulation damage and reducing equipment lifespan.
- Equipment Failures: Excessive harmonics can lead to the malfunctioning or premature failure of sensitive
components like power converters and controllers.

- Reduced Efficiency: Increased power losses in the system reduce the overall efficiency of charging stations.

7.14.3 Reactive power challenges

Reactive power challenges occur when there is a mismatch between the power supplied and the actual usable power
(active power) in the system. This inefficiency leads to increased demand on the grid, higher energy losses, and

reduced system efficiency.

Reasons
. Nonlinear Power Draw: EV chargers, especially fast chargers, exhibit low power factor behavior, causing reactive
power issues.
. Grid Conditions: Weak grids or overloaded systems are more prone to reactive power imbalance.
. Inadequate Power Factor Correction: Lack of capacitor banks or power factor correction equipment in the
charging infrastructure.
- Unbalanced Load Conditions: Uneven distribution of loads across phases can lead to excessive reactive power

flow.



Risks and Effects

. Reduced System Efficiency: High reactive power increases energy losses, reducing the overall efficiency of EV
charging stations.

. Overloading of Components: Transformers, cables, and connectors experience additional strain, leading to
overheating and reduced lifespan.

- Higher Operating Costs: Increased energy losses result in higher electricity bills for charging station operators.

. Grid Instability: Persistent reactive power imbalances can cause voltage fluctuations and other grid issues.

7.14.4 Voltage drops

Voltage drops occur when the electrical voltage supplied to a charging station decreases below acceptable levels,

leading to underperformance of equipment and potential safety risks.

Reasons

. Long Cable Runs: Excessive distance between the power source and the charging station increases resistance
and causes voltage drops.

- High Charging Loads: Simultaneous charging of multiple EVs can overload the system and reduce voltage at the
terminal points

. Undersized Conductors: Using cables with insufficient cross-sectional area for the load leads to higher voltage
losses

- Grid Instability: Weak grids or overloaded local transformers can cause voltage to drop below required levels

Risks and Effects

. Underperformance: EV chargers may operate below optimal capacity, resulting in slower rate of charging speeds
and prolonged charging times.

. Safety Risks: Low voltage can cause equipment to malfunction, leading to overheating, arcing, or other hazards.

. Equipment Stress: Chargers, cables, and connectors experience greater wear and tear when operating under
suboptimal voltage conditions.

. User Dissatisfaction: Voltage drops may lead to unpredictable charging behavior, deterring users from returning to

the station.



7.14.5 Voltage imbalance

Voltage imbalance refers to unequal voltage levels across the phases in a three-phase electrical system. It can cause

uneven power distribution, leading to inefficiencies and equipment damage in EV charging stations.

Reasons
« Uneven Load Distribution: Charging stations drawing unequal power across phases, especially when multiple
chargers operate simultaneously.
. Faulty Transformers or Connections: Malfunctioning transformers or improperly installed equipment can
introduce imbalances.
. Long Cable Runs: Distance between equipment and power sources can create resistance variations, leading to
imbalances.

« Grid Instability: Voltage imbalance can also be introduced from upstream grid fluctuations.

Risks and Effects

- Equipment Damage: Voltage imbalances can cause overheating, vibration, and insulation breakdown in motors,
transformers, and chargers.

- Inefficient Charging: EV chargers may underperform or fail to deliver the required power, leading to longer
charging times

. Power Losses: Increased power losses in the system reduce the overall efficiency of the charging infrastructure

. System Instability: Persistent imbalances can cause tripping of circuit breakers and equipment shutdowns.

7.14.6 Increased Total Harmonic Distortion (THD) impacting sensitive devices.

Total Harmonic Distortion (THD) is a measure of the deviation of a voltage or current waveform from its ideal sinusoidal
form due to the presence of harmonics. High THD levels in EV charging stations can disrupt operations and impact

sensitive devices.

Reasons

« Nonlinear Loads: EV chargers, Part icularly high-power fast chargers, act as nonlinear loads that introduce
harmonics into the electrical system

- Insufficient Filtering: Absence or inefficiency of harmonic filters in the charging infrastructure exacerbates THD

. Grid Quality Issues: Poor power quality from the grid contributes to harmonic generation and propagation

- Multiple Chargers in Operation: Simultaneous operation of multiple chargers increases cumulative harmonic

distortion



Risks and Effects

Impact on Sensitive Devices: Sensitive electronic equipment, such as control systems and communication
devices, may malfunction or degrade prematurely due to high THD

Equipment Overheating: Transformers, cables, and connectors experience higher heating losses, leading to
reduced lifespan.

Decreased System Efficiency: Increased power losses due to harmonics reduce the overall operational efficiency
of the charging station.

Grid Stability Issues: Excessive harmonics can disrupt grid operations, causing voltage fluctuations and instability.

7.14.7 Overheating in transformers, cables, and connectors.

Overheating in transformers, cables, and connectors occurs when these components operate beyond their thermal

limits. This can lead to insulation failure, reduced efficiency, equipment damage, and fire hazards.

Reasons

Overloading: Excessive current flow during peak charging demand or multiple simultaneous connections.
Poor Power Quality: Voltage instability, harmonic distortion, and reactive power issues can increase heating.
Inadequate Component Design: Components not designed to handle prolonged high-power operations.
Environmental Factors: High ambient temperatures or poor ventilation can exacerbate overheating.

Aging and Wear: Deterioration of insulation, connectors, or cooling systems over time.

Risks and Effects

Equipment Damage: Overheating accelerates insulation breakdown and structural degradation in transformers
and cables

Reduced Efficiency: High temperatures increase resistance in cables and connectors, causing energy losses.
Fire Hazards: Persistent overheating can ignite insulation materials, posing serious safety risks

Operational Downtime: Damaged components may require immediate repairs, leading to service interruptions

7.14.8 Unintended tripping of protection devices

Unintended tripping of protection devices, such as circuit breakers or residual current devices (RCDs), occurs when

these devices disconnect power without valid fault conditions. This disrupts charging sessions, affects station reliability,

and can frustrate users



Reasons

« Harmonic Interference: High Total Harmonic Distortion (THD) can cause false triggering of RCDs and circuit
breakers.

- Leakage Current Sensitivity: Charging systems may produce small residual currents that trip overly sensitive
RCDs

. Transient Surges: Power surges during plug-in or disconnection of chargers can cause devices to trip

. Inadequate Device Ratings: Using protection devices twhose ratings are not commensurate to the requirement of
EV charger hat are not appropriately rated for high-power EV chargers

« Environmental Factors: Moisture or dust ingress into protection devices may lead to unintended trips

- Subpar grounding system: can lead to the tripping of switchgear due to Ground Fault, Incorrect Fault Current

Dissipation, Voltage Fluctuations & Transients.

Risks and Effects

. Charging Interruptions: Users face incomplete or delayed charging sessions, reducing station reliability and
convenience.

. User Dissatisfaction: Repeated false trips may discourage users from revisiting the charging station

. Reduced Operational Efficiency: Frequent manual resets of protection devices increase downtime and
maintenance costs

. Equipment Wear: Repeated tripping stresses the devices, reducing their lifespan and reliability.

7.14.9 Increased power losses in the distribution system.

Power losses in the distribution system refer to the energy loss wasted during the transmission and distribution of
electricity from the grid to the EV charging station. These losses reduce overall system efficiency and increase

operational costs.

Reasons

. High Resistance in Cables: Use of undersized or low-quality cables leads to increased resistive losses.

. Overloading of Transformers: Continuous operation near or beyond capacity increases heat-related losses in
transformers.

« Harmonic Distortion: Harmonics generated by nonlinear EV charger loads result in additional energy losses.

- Reactive Power Flow: Excessive reactive power in the system leads to inefficient power utilization and higher
losses.

- Long Distribution Lines: Greater distances between the power source and the charging station increase resistive

and reactive losses.



Risks and Effects

. Reduced System Efficiency: Higher energy losses result in a significant drop in the overall efficiency of the
charging station.

. Increased Operational Costs: Higher losses translate into greater electricity bills for charging station operators.

. Overheating of Components: Excess energy dissipation as heat stresses cables, transformers, and other
components, reducing their lifespan.

. Grid Strain: Widespread losses can reduce grid stability and capacity to supply power efficiently

7.14.10 Grid instability from widespread poor-quality installations

Grid instability refers to the inability of the electrical grid to maintain steady voltage, frequency, and power supply due to
the cumulative impact of poorly designed or installed EV charging infrastructure. This can result in power outages,

voltage fluctuations, and system failures.

Reasons

. Inadequate Load Planning: Rapid proliferation of charging stations without proper assessment of grid capacity
leads to overloading.

- Poor Power Quality Management: High levels of harmonic distortion and reactive power from charging systems
strain the grid.

. Substandard Equipment: Use of low-quality or improperly rated chargers, transformers, and cables amplifies
inefficiencies

. Decentralized and Isolated Installations: Uncoordinated deployment of charging stations without integration into
the grid's energy management system.

. Renewable Energy Integration Issues: Improper synchronization of renewable energy sources like solar with EV

charging stations disrupts grid stability.

Risks and Effects

. Frequent Power Outages: Overloading and inefficiencies lead to blackouts in areas with dense charging station
installations.

. Voltage Fluctuations: Poor-quality installations cause erratic voltage levels, affecting nearby residential and
commercial users.

. Equipment Damage: Grid instability accelerates wear and tear on transformers, cables, and other electrical
components

. Economic Losses: Power disruptions and reduced grid efficiency increase operational and maintenance costs for

utilities.
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7.14.11 Premature Equipment aging and maintenance issues

Premature equipment aging refers to the accelerated wear and tear of critical components like chargers, cables, and
transformers in EV charging stations. This reduces their operational lifespan and increases the frequency and cost of

maintenance.

Reasons

. Overloading: Consistent operation near or beyond capacity stresses transformers, cables, and connectors.

- Poor Power Quality: Voltage instability, harmonics, and reactive power increase thermal and mechanical stress on
components.

. Environmental Exposure: High humidity, temperature fluctuations, and dust lead to corrosion and insulation
degradation.

- Inadequate Maintenance: Delays or neglect in routine checks and Part replacements exacerbate wear and tear.

- Improper Installation: Poor setup practices like loose connections or undersized cables cause localized heating

and strain.

Risks and Effects

. Increased Maintenance Costs: Frequent failures and the need for replacements drive up maintenance
expenditures

- Reduced Station Reliability: Unplanned outages due to equipment failure inconvenience users and harm station
reputation.

- Lower Operational Efficiency: Degraded components perform suboptimally, reducing charging speed and
efficiency.

. Environmental Hazards: Leaking oils or damaged insulation can cause pollution or safety risks.



8. Testing and Commissioning of EV Charging station

This Chapter highlights the critical role of electrical testing and commissioning in ensuring the safety, efficiency, and
reliability of EV charging stations. It outlines systematic procedures to verify electrical parameters, equipment functionality,
and overall system readiness before operational deployment. The chapter emphasizes testing key components such as
voltage, current, load handling, insulation resistance, and cable integrity to identify and rectify potential faults.

Additionally, this chapter provides tailored checklists for specific use cases, including 2/3-wheeler EV chargers, 4-wheeler
chargers, and public charging stations. These checklists focus on purpose, brief procedures, and essential verification
points to ensure compliance with safety standards and performance benchmarks. This structured approach ensures
robust and reliable charging infrastructure across diverse applications.

8.1 Key Testing checkpoints
8.1.1 Voltage, Current, and Load Testing

1. Voltage Drop Testing

Purpose:
. To verify that the voltage drop across cables and connectors is within acceptable limits (typically < 2—3%).
- Ensures efficient power delivery and protects equipment from underperformance or damage due to low
voltage.

Procedure:
1.Connect a load to the charging station, simulating a typical EV charging scenario.
2.Measure the voltage at the source (transformer or distribution panel) and at the charging point.

Checklist:

O Verify cable sizing and length to minimize resistance.
O Confirm tight connections at terminals to avoid additional resistance.
O Ensure proper grounding to stabilize voltage.

O Address voltage drops exceeding 3% by upgrading cable size or rerouting.
2. Battery Load Simulation

Purpose:
- To replicate real-world charging conditions by simulating a battery load.
. Validates the station's ability to deliver stable power under varying EV battery demands.



Procedure:
1.Connect a battery simulator to the charging station.
2.Gradually increase the simulated battery load, mimicking the charging curve of an EV.
3. Monitor the output voltage, current, and power stability during the simulated session.

Checklist:

O Test for voltage stability under dynamic load conditions.
O Verify compatibility of the station with different battery chemistries (e.g., lithium-ion, LFP).
O Check for overheating of cables, connectors, and power electronics during the simulation.

O Ensure accurate metering and billing during varying load conditions.
3. Step Load Testing

Purpose:
. To evaluate the station’s response to sudden changes in load, such as an EV starting or stopping charging.
. Assesses system stability, resilience, and response time.

Procedure:
1.Gradually introduce loads in increments (steps) from 0% to 100% of the station’s capacity.
2.0bserve the system’s ability to stabilize after each step.
3.Record voltage and current fluctuations during load transitions.

Checklist:

O Ensure power delivery stabilizes within an acceptable timeframe after each step.
O Check for harmonic distortions or voltage dips during transitions.
O Verify that protective devices (e.g., circuit breakers) remain stable under sudden load changes.

O Validate system resilience under maximum load.
4. Continuous Load Testing

Purpose:
. To test the station’s ability to handle sustained operation at full load for extended periods.
« Ensures thermal and electrical stability under high demand.

Procedure:
1.Connect a resistive or electronic load equal to the station’s maximum rated capacity.
2.Operate the station at full load continuously for a predefined duration (e.g., 2—4 hours).
3. Monitor temperature, voltage, and current to detect any anomalies.



Checklist:

O Verify that all components remain within their rated temperature and performance limits.
O Check for consistent voltage and current delivery throughout the test duration.
O Monitor for thermal stress on cables, connectors, and transformers.

O Ensure cooling systems (fans, vents) operate effectively

5. Short-Circuit Load Testing

Purpose:

. To test the station's protective mechanisms, such as circuit breakers and fuses, under fault conditions.
. Ensures quick isolation of faults to prevent damage or safety hazards.

Procedure:
1.Simulate a short circuit using a controlled testing setup.
2.Monitor the response time of protective devices (e.g., breakers, RCDs).
3.Record fault current levels and verify adherence to safety limits.

Checklist:

O Confirm circuit breakers trip within the specified response time.
O Verify that RCDs or surge protection devices activate as designed.
O Inspect equipment for any signs of damage after testing.

O Ensure proper grounding and earthing connections.

8.1.2 Insulation Resistance Testing

Insulation Resistance Testing is a critical procedure to ensure the safety, reliability, and performance of the electrical
system in EV charging stations. It verifies the integrity of the cable insulation, preventing current leakage and minimizing
risks of electrical faults, equipment failure, or safety hazards.

Purpose:
. Safety Assurance:
o Detect insulation deterioration that may lead to electrical shocks, fires, or equipment damage.
. Compliance Validation:
o Ensure the system meets standards like IS/IEC 61557 for insulation resistance testing in low-voltage
electrical installations.
. Performance Verification:
o Confirm that insulation withstands operational stresses such as voltage fluctuations, environmental
conditions, and thermal load.



Procedure:
- Preparation:
o Disconnect the equipment under test from the power supply and ensure it is isolated from the grid.
o Verify that all capacitors in the system are fully discharged to avoid false readings or potential hazards.
- Device Selection:
o Use an insulation resistance tester (megohmmeter) with a voltage rating appropriate for the system (e.g.,
500V, 1000V, or 2500V DC).
. Testing Steps:
o Step 1: Connect one test lead to the conductor and the other to the earth (or shield).
o Step 2: Apply the test voltage for a specified duration (commonly 1 minute).
o Step 3: Record the insulation resistance value displayed on the tester.
o Step 4: Repeat the process for all conductors and components, including cables, connectors, and
charging units.

. Evaluate Results:
o Compare measured resistance values with the standard minimum thresholds:
= Cables: 21 MQ for systems up to 1000V.
= Charging Units:
. > 1Mohm for Class 1 system (single PE)
« > 7Mohm for Class 2 system (multiple isolated PE)
= Overall System: Values below thresholds indicate potential faults or deterioration.

Checklist:

Ensure that the system is powered off and isolated.

Use appropriate personal protective equipment (PPE), including insulated gloves and safety glasses.
Verify the calibration of the insulation resistance tester.

Inspect all test leads and connections for damage or wear before testing.

Record the resistance values for all components and circuits.

OO0 O O DO O

Check for environmental factors (moisture, temperature) that may affect results.




Considerations
« Environmental Conditions:
o Perform tests in stable environmental conditions to prevent inaccurate readings. Moisture and humidity can
lower resistance values.
« Voltage Application:
o Avoid overvoltage during testing to prevent damaging insulation. Always adhere to manufacturer-recommended
test voltages.
. Frequency of Testing:
o Conduct insulation resistance tests during installation, commissioning, and as Part of periodic maintenance.
. Aging Effects:
o Monitor insulation resistance over time to identify gradual degradation and schedule timely replacements.
« High-Risk Areas:
o Focus on components exposed to harsh environmental conditions, such as cables installed outdoors or in wet
environments.
« Reporting and Documentation:

o Maintain detailed records of all tests, including date, location, resistance values, and environmental conditions.



8.1.3 Cable Testing

Cable testing is an essential step in ensuring the safe, reliable, and efficient operation of EV charging stations. Proper
testing verifies the integrity, continuity, and performance of cables under real-world conditions while ensuring

compliance with international and local standards.

Purpose:
. Safety:

o Prevent electrical hazards such as shocks, fires, or system malfunctions caused by faulty cables.

« Reliability:

o Confirm the consistent performance of cables under varying operational conditions.

. Compliance:

o Ensure adherence to standards such as IS 17017, IS 694, IS 1554

Testing and Verification Procedures

Test Type

Purpose

Procedure

Key Observations

Inspect insulation, jackets,

Look for cuts, nicks,

1. Visual Identify visible defects or . . .
. markings, and conductor abrasions, corrosion, or
Inspection damage. o . .
condition. improper markings.
_— Verify the absence of breaks | Use a multimeter to check Ensure current can flow
2. Continuity . . - .
. in conductors and grounding | continuity for live, neutral, and freely; no breaks or
Testing . A
paths. ground conductors. discontinuities.
Use a megger to measure .
>
3. Insulation Assess the integrity of resistance. Apply test voltages Resistance values >1 MQ

Resistance Testing

insulation.

(500V-1000V for AC; 2500V+ for
DC systems).

for AC cables; >100 MQ
for DC cables.

4. Earth Fault Loop
Impedance

Verify fault clearance
capability.

Measure earth fault loop
impedance using specialized
testers.

Low impedance to enable
rapid protective device
activation.

5. Polarity Testing

Confirm correct wiring of live,
neutral, and ground
connections.

Check polarity using a tester to
ensure proper wiring of live and
neutral (AC) or positive and
negative (DC).

Correct wiring; reverse
polarity can damage
chargers or vehicles.

6. Voltage
Withstand Testing

Verify insulation durability
under over-voltage
conditions.

Apply test voltage (1.5-2x
nominal voltage) for a defined
duration using a hipot tester.

No insulation breakdown
or leakage under test
conditions.

7. Temperature
Testing

Assess cable performance
under load.

Monitor cable temperatures while
operating under maximum load
conditions.

Cable temperature within
specified limits; no signs
of insulation damage.




Test Type Purpose Procedure Key Observations

Correct phase sequence;
incorrect sequence can
cause equipment failure.

8. Phase Ensure correct phase Use a phase sequence tester to
Sequence Testing | rotation in 3-phase systems. | confirm proper phase alignment.

Test the cable with an actual EV
9. Functional Verify connection and to ensure proper current flow, Smooth charging process;
Testing charging performance. charging communication, and no overheating or faults.

system functionality.

Full compliance with
required standards for
certification.

10. Regulatory Ensure compliance with Cross-check results with 1S 694,
Compliance standards. IS 1554, and IS 17017.

Considerations

1.Environmental Factors:

o Conduct tests in controlled conditions to avoid interference from moisture, dust, or extreme temperatures.
2.Test Equipment Calibration:

o Ensure all testing equipment (multimeters, meggers, hipot testers) are calibrated and certified.
3.Documentation:

o Maintain detailed records of test results, including date, conditions, and observations for compliance and future

reference.

4.Periodic Testing:

o Schedule regular cable testing as Part of routine maintenance to detect early signs of wear or degradation.
8.2 Testing and Commissioning Checklist: 2/3 Wheeler EV Charging

Testing and commissioning for 2/3 wheeler EV charging stations ensure that the infrastructure is safe, operational, and
compliant with relevant standards. These vehicles often rely on lower-power AC chargers or battery swapping systems,
necessitating tailored testing approaches.

Purpose:
. Safety Assurance:
o Confirm that all electrical and mechanical systems are safe for operators and users.
. Performance Validation:
o Ensure chargers operate efficiently and reliably for 2/3 wheeler requirements.
. Regulatory Compliance:
o Validate adherence to standards such as IS 17017



Resistance Testing

Validate insulation quality.

with a suitable test voltage (e.g.,
500V for AC chargers).

Checklist
Test Type Purpose Procedure Key Observations
Inspect charger enclosure, .
. . . No visible damage; clear
1. Visual Identify physical damage or cables, connectors, and
. . . . labels; securely mounted
Inspection defects. mounting hardware for integrity
. components.
and proper labeling.
L Use a multimeter to check live, Continuity in all
2. Continuity . . L
Testin Verify electrical connectivity. | neutral, and ground conductors conductors; proper
9 for uninterrupted paths. grounding confirmed.
i i i i >
3 Insulation Test insulation using a megger Resistance 21 MQ for

safety; no significant
leakage current detected.

4. Polarity Testing

Ensure proper wiring of AC
connections.

Test polarity of live and neutral
wires at the input and output
ends of the charger.

Correct polarity ensures
safe operation; incorrect
polarity corrected
immediately.

5. Voltage
Withstand Testing

Assess insulation strength
under over-voltage.

Apply a hipot test voltage (1.5—
2x nominal voltage) to the
system for a defined duration.

No breakdown or leakage
during the test.

6. Output Voltage
Testing

Verify correct output voltage
range.

Measure output voltage at the
charging port using a voltmeter.

Output matches charger
specifications (e.g., 48V
for common 2-wheeler
batteries).

7. Load Testing

Test charger under load
conditions.

Connect a simulated load or a
compatible battery pack to the
charger and monitor
performance.

Charger delivers rated
power without overheating
or voltage instability.

8. Safety Device
Testing

Verify protective devices
function correctly.

Test RCDs, fuses, and circuit
breakers by simulating faults
(e.g., ground faults or short
circuits).

All devices trip within
specified time limits; no
delays or failures.

9. Communication
Protocol Testing

Validate data exchange with
vehicle/BMS.

Use a testing tool to simulate
vehicle communication protocols
(e.g., OCPP).

Seamless communication;
no errors during charging
session setup.

10. Battery
Swapping System
Testing (if
applicable)

Ensure proper operation of
swapping mechanisms.

Test the battery swapping
system for secure docking,
disconnection, and charging of
batteries.

Smooth operation;
batteries charge correctly
once docked.




Test Type

11. Thermal
Testing

Purpose

Ensure thermal stability
under load.

Procedure

Operate the charger under full
load for an extended period while
monitoring temperatures.

Key Observations

No overheating; all
components remain within
safe temperature limits.

12. Emergency
Stop Testing

Confirm emergency
shutdown functionality.

Test the emergency stop button
by simulating an emergency
scenario.

Charging stops
immediately when
activated; system resets
properly after activation.

13. Earth Fault
Loop Impedance

Ensure faults are cleared
quickly.

Measure earth fault loop
impedance to confirm protective
devices can safely disconnect
during faults.

Impedance within limits
for fast protective device

tripping.

14. Phase
Sequence Testing

Confirm correct phase
rotation (for 3-phase
systems).

Use a phase sequence meter to
verify correct phase rotation in
the system.

Correct phase sequence
avoids motor or
equipment malfunction.

15. Charging
Performance Test

Validate real-world charging
functionality.

Connect an actual 2/3 wheeler
EV and perform a full or Part ial
charging session.

Smooth charging process;
no faults or overheating;
proper energy
measurement.

16. Regulatory
Compliance

Validate against standards.

Compare results against IS
17017

All test results meet or
exceed regulatory
requirements.

Considerations

1.Environmental Conditions:

o Conduct tests in realistic environmental conditions, including temperature and humidity variations.

2.Equipment Calibration:

o Ensure that all test instruments (e.g., meggers, voltmeters) are calibrated and certified.

3.Periodic Maintenance:

o Plan for regular testing post-installation to maintain performance and safety.

4.Documentation:

o Maintain detailed test records for compliance and troubleshooting purposes.




8.3 Testing and Commissioning Checklist: 4 Wheeler EV Charging

Testing and commissioning for 4-wheeler EV charging stations are critical to validate their performance, safety, and
compliance with relevant standards. These stations often involve higher power levels, requiring comprehensive testing
to ensure the reliable operation of AC and DC chargers.

Purpose:

. Safety Assurance:
o Confirm that all systems and components meet safety standards to protect users and infrastructure.
. Performance Validation:
o Ensure that chargers deliver rated power efficiently and handle varying vehicle requirements.
- Regulatory Compliance:
o Validate the station's adherence to Indian standards (e.g., IS 17017) and CEA / state regulations .

Checklist
Test Type Purpose Procedure Key Observations
Inspect charger enclosures, No visible damage;
1. Visual Identify physical defects or connectors, cables, and securely mounted; labels
Inspection hazards. mounting for damage, wear, or are legible and compliant
improper labeling. with standards.
2. Continuity Verify uninterrupted electrical Vs @ mHE e (5 s e, All conductors show
. neutral, and ground conductors . -
Testing pathways. - uninterrupted continuity.
for continuity.
. Test insulation using a megger Resistance 21 MQ for AC
3. Insulation

Resistance Testing

Assess insulation integrity.

with a test voltage (e.g., 1000V
for high-power AC/DC systems).

cables; 2100 MQ for DC
cables.

4. Polarity Testing

Confirm correct wiring of AC
and DC connections.

Test polarity at the input and
output ends to ensure live,
neutral, and ground conductors
are correctly wired.

Correct polarity for all
connections; incorrect
wiring corrected.

5. Voltage
Withstand Testing

Validate insulation under
over-voltage conditions.

Perform a hipot test by applying
1.5-2x the nominal voltage to the
system for a specified duration.

No breakdown or leakage
during the test.

6. Output Voltage
Testing

Verify correct output voltage
range.

Measure output voltage at the
charger port using a voltmeter.

Matches charger
specifications (e.g., 400V
for DC fast chargers).

7. Load Testing

Assess charger performance
under full load.

Connect a simulated load or a
real EV to the charger and
monitor current, voltage, and
performance.

Charger delivers rated
power without overheating
or voltage instability.
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Test Type

8. Safety Device
Testing

Purpose

Confirm functionality of
protective devices.

Procedure

Simulate faults (e.g., ground
faults, overcurrent) to test RCDs,
fuses, and circuit breakers.

Key Observations

All devices trip or activate
as per design parameters.

9.Communication
Protocol Testing

Validate communication with
EVs and backend systems.

Use a test tool to simulate
protocols like OCPP or ISO
15118 for charger-to-network
communication.

Smooth data exchange;
no errors during
communication setup.

10. Charging
Cable Testing

Verify cable and connector
performance.

Inspect and test cables for
continuity, insulation, and load
performance under full charging
conditions.

No overheating or
excessive voltage drop in
cables during charging.

11. Emergency
Shutdown Testing

Ensure safety during
emergencies.

Test emergency stop buttons by
simulating fault conditions or
activating the button.

Immediate shutdown of
charging; system resets
safely after resolution.

12. Earth Fault
Loop Impedance

Verify fault clearance
capability.

Measure earth fault loop
impedance using specialized
testers.

Low impedance ensures
rapid protective device
tripping during faults.

13. Phase
Sequence Testing

Validate correct phase

rotation for 3-phase systems.

Use a phase sequence tester to
ensure correct phase rotation.

Correct phase rotation
avoids equipment
malfunction.

14. Real-World
Charging Test

Verify complete charging
session functionality.

Connect an actual EV and
perform a full or Part ial charge,
monitoring communication,
power delivery, and time.

Smooth charging with no
interruptions or errors; no
overheating.

Monitor power quality

15. Gri . . . .
> G”d. . Ensure compliance with grid | parameters (e.g., harmonic THD < 5%; stable voltage
Compatibility ) . . . L o .
. requirements. distortion, voltage stability) within permissible limits.
Testing . .
during charging.
16. Thermal Evaluate component Operate charger at full load while | No overheating;
Performance performance under thermal monitoring internal and external temperatures remain
Testing stress. temperatures. within specified limits.

17. Regulatory
Compliance

Validate against standards
and regulations.

Compare all test results with
standards such as IEC 61851, IS
17017, and IEC 60364.

Meets all regulatory
requirements;
documented results for
certification.




Considerations
1.High Power Loads:
o For DC fast chargers, ensure the system can handle high power levels (e.g., 50 kW or more) without voltage
instability or overheating.
2.Communication Compatibility:
o Test for interoperability with various EV models and network management systems.
3.Environmental Suitability:
o Ensure chargers are tested for real-world conditions, such as rain, dust, and temperature extremes.
4.Documentation:
o Maintain detailed records of test results, including environmental conditions, equipment used, and any

anomalies.

8.4 Testing and Commissioning Checklist: Public Charging Stations

Testing procedures for public charging stations ensure that these facilities are safe, operationally efficient, and
compliant with regulatory standards. Public chargers serve a diverse range of users and vehicles, making their reliability
and performance crucial for user satisfaction and infrastructure sustainability.

Purpose:
. Safety:
o Minimize electrical hazards to users and maintenance personnel.
. Reliability:
o Ensure consistent operation under varying load conditions.
. Compliance:
o Verify alignment with Indian standards like IS/ISO 15118, and IS 17017.

Checklist
Test Type Purpose Procedure Key Observations
Inspect all components, including .
. . No visible damage; all
1. Visual Detect physical damage and | cables, connectors, enclosures,
. ) . labels clear; components
Inspection defects. and interfaces for visible wear or
securely mounted.
damage.
Test insulation with a megger, . .
. P . . . Insulation resistance 21
2. Insulation Verify integrity of cable applying appropriate voltage
. . . MQ for AC; 2100 MQ for
Resistance insulation. (e.g., 500V for AC systems and DC systems
1000V for DC systems). y ’
3. Continuity Ensure uninterrupted Use .a multlmgter to check All conductors provide
) continuity of live, neutral, and .
Testing pathways for current flow. uninterrupted paths.
ground conductors.




Test Type

4. Earth Fault Loop
Impedance

Purpose

Ensure effective fault
clearance.

Procedure

Measure loop impedance to
confirm protective devices trip
quickly during faults.

Key Observations

Impedance within limits
for rapid fault clearance.

5. Polarity Testing

Confirm correct wiring
connections.

Test polarity for AC (live and
neutral) and DC (positive and
negative) systems at both input
and output ends.

Proper polarity ensures
safe operation; incorrect
polarity corrected
immediately.

6. Voltage
Withstand Testing

Assess insulation durability
under high voltage.

Apply test voltage (1.5-2x
nominal voltage) using a hipot
tester for a defined duration.

No breakdown or leakage
during testing.

7. Communication
Protocols

Verify interoperability with
EVs and backend systems.

Test charger communication
using protocols like OCPP, or
proprietary standards.

Seamless communication;
no errors during session
setup.

8. Load Testing

Validate performance under
operational loads.

Connect a simulated or real EV
load to the charger and monitor
voltage, current, and system
response.

Stable operation; charger
delivers rated power
without overheating or
instability.

9. Emergency
Shutdown

Test the emergency stop
functionality.

Simulate fault conditions or press
the emergency stop button to
test shutdown mechanisms.

Immediate shutdown;
system resets safely after
fault resolution.

10. Functional

Validate end-to-end charger

Perform a complete charging
session with an actual EV,
monitoring communication,

Smooth charging; no
interruptions; no

Sequence Testing

phase systems.

verify correct phase rotation in 3-
phase chargers.

Testing operation. T e overheating of
components.
response.
Operate charger at maximum No overheating;
11. Thermal Assess thermal stability load for an extended period and components operate
Testing under sustained load. monitor internal and external within specified
temperatures. temperature limits.
Use a phase sequence meter to Correct phase rotation;
12. Phase Ensure proper rotation in 3- P q incorrect sequence

corrected to avoid
equipment malfunction.




Test Type

13. Grid
Compatibility

Purpose

Prevent grid instability during
charging.

Procedure

Monitor power quality
parameters like voltage stability,
harmonic distortion, and power
factor during operation.

Key Observations

Total Harmonic Distortion
(THD) < 5%; power factor
> 0.95; stable voltage.

14. Payment and
Authentication

Test user interaction and
billing systems.

Verify RFID, mobile apps, and
credit card authentication
systems. Test billing accuracy
during charging sessions.

Smooth authentication
process; accurate billing;
user-friendly interfaces.

« Pre-Testing

O Ensure all equipment is properly installed and calibrated.

O Disconnect the system from live circuits for initial tests.

. Electrical Testing

O Conduct insulation resistance, continuity, polarity, and voltage withstand tests.

O Verify loop impedance and phase sequence.

. Functional and Load Testing

O Test with simulated and real-world loads to verify performance.

O Validate communication with EVs and network systems.

. Safety Testing

O Simulate faults to test emergency shutdown mechanisms and protective devices.
O Inspect thermal stability and physical durability under stress.

Post-Testing

O Document all results, including any anomalies or corrective actions taken.

O Ensure compliance with relevant standards and regulations.

Considerations

1.Compliance with Standards:

o Align all tests with applicable Indian standards under IS 17017 series.

2.Environmental Factors:

o Test performance under real-world conditions, including extreme temperatures and humidity.

3.Safety Protocols:

o Use PPE and follow safety guidelines to protect testers and equipment.



9. Future Outlook

As India accelerates its transition towards electric mobility, the EV charging ecosystem will evolve to meet the demands
of a dynamic and technology-driven future. The rapid growth in electric vehicle adoption brings with it new challenges
and opportunities ranging from integrating renewable energy to enabling smarter, faster, and more secure charging
solutions.

This chapter presents a forward-looking perspective on the key trends that will define the next phase of EV
infrastructure development. It covers advancements in smart grid integration, bi-directional energy flow (Vehicle-to-
Grid), ultra-fast and wireless charging, and the critical role of cybersecurity, energy efficiency, and urban planning. With
increasing emphasis on sustainability, safety, and interoperability, the future of EV charging will be shaped by both
innovation and regulation.

By outlining the anticipated technological, regulatory, and infrastructural shifts, this section serves as a guide for
policymakers, infrastructure developers, OEMs, and energy planners to prepare for and Part icipate in the next wave of
India’s e-mobility transformation.

9.1 Integration of Renewable Energy with EV Charging Stations

The integration of renewable energy sources, Part icularly solar, with Electric Vehicle (EV) charging infrastructure is
emerging as a vital strategy for decarbonizing the transport sector and strengthening energy sustainability in India. With
the country aiming for 500 GW of non-fossil fuel capacity by 2030 and the National Electric Mobility Mission targeting
mass EV adoption, coupling EV charging with green energy offers both environmental and grid resilience benefits.

Rationale for Integration in India

. Reducing Grid Dependency: Renewable-powered charging can reduce peak load stress on the conventional grid,
especially during high-demand periods in urban centers.

- Lowering Emissions: By using solar or wind energy, EVs can achieve near-zero tailpipe and upstream emissions,
aligning with India’s climate commitments under the Paris Agreement.

. Cost Benefits: Solar-powered EV charging stations, especially in high solar irradiance regions like Rajasthan,
Gujarat, and Telangana, can significantly reduce operational costs after initial setup.

. Decentralized Power Supply: Renewable energy enables rural or remote EV stations to operate independently

from the grid, improving accessibility.



Technical Approaches

1.0n-Grid Renewable EV Charging Stations:
o Integrated with rooftop or ground-mounted solar PV systems.
o Excess energy can be fed back to the grid, utilizing net metering policies.
o Requires synchronization with utility supply and smart load management.

2.0ff-Grid (Standalone) Charging Stations:
o Operate independently using battery energy storage systems (BESS) coupled with solar panels.
o Suitable for remote locations or areas with unreliable grid access.

3.Hybrid Systems:
o Combine solar PV, battery storage, and grid power to ensure continuous supply.

o Intelligent Energy Management Systems (EMS) optimize source switching and power flow.

Policy Support & Initiatives

. FAME India Scheme (FAME-II) : Encourages renewable-linked charging stations, especially in urban and
highway clusters.

« MNRE Rooftop Solar Scheme: Offers subsidies for solar PV installations, which can be utilized for EVSE
setups.

. State-Level Policies: States like Delhi, Maharashtra, and Tamil Nadu promote co-located solar EV chargers
in their EV policies.

- Energy Storage Promotion: Draft policies on BESS aim to incentivize storage systems, essential for

balancing renewable EV loads.

Standards & Regulatory Considerations

« IS 17017 Series: Applies to EVSE infrastructure,
. CEA (Technical Standards for Connectivity of the Distributed Generation Resources) Regulations:
Must be adhered to for grid-connected solar systems.

- IS 16221 : Cover general requirements for solar PV and battery inverters used in EVSE integration.

As India accelerates its transition to electric mobility, integrating smart grid technologies and V2X (Vehicle-to-
Everything) solutions into EV charging infrastructure presents a transformative opportunity. These innovations
allow EVs to interact intelligently with the power grid, optimizing energy flow, improving grid reliability, and
enabling bi-directional energy services such as Vehicle-to-Grid (V2G), Vehicle-to-Home (V2H), and Vehicle-to-

Building (V2B).



9.2 Smart Grid & V2X Solutions

9.2.1. Smart Grid Integration

A smart grid leverages digital technology to monitor and manage electricity from generation to consumption. It is a

critical enabler for managing the dynamic and distributed nature of EV loads.

Key Features:
- Real-time monitoring and control of EV charging loads.
. Demand response capabilities to shift charging during off-peak hours.
- Automated fault detection and isolation.

. Dynamic pricing integration for time-of-use (ToU) electricity tariffs.

Relevance for India:

. Discom load management: Helps utilities manage peak demand and avoid transformer overloading.

- Rural electrification synergy: Supports decentralized energy and microgrid models with EV charging in
remote areas.

. Smart City deployment: Aligns with India’s Smart Cities Mission by enabling intelligent mobility and energy

infrastructure.

9.2.2 Vehicle-to-Everything (V2X) :

V2X refers to communication and power exchange between EVs and external systems, including:
. Vehicle-to-Grid (V2G) : EVs discharge excess stored energy back to the grid during peak demand.
« Vehicle-to-Home (V2H) : EVs power home appliances during outages or peak tariff periods.
- Vehicle-to-Building (V2B) : EVs supply energy to commercial facilities, supporting load balancing and backup.

. Vehicle-to-Vehicle (V2V) : Transfer energy between vehicles in emergency or cooperative driving scenarios.

Benefits:
- Enhances grid flexibility and reliability.
. Supports renewable energy integration by acting as distributed storage.
. Offers cost savings to EV owners through energy trading or peak shaving.

. Facilitates energy security during grid outages or instability.



Standards & Technical Requirements:

. ISO 15118: Communication interface for V2G and smart charging protocols.
« OCPP 2.0.1: Advanced Open Charge Point Protocol for real-time energy management and V2X functionalities.

« IS 17017 series: Must be referenced for compatible hardware and software interfaces.

9.3 Hazardous Area Classifications in EV Charging Stations

As electric vehicle (EV) charging infrastructure expands across diverse environments—including petrol stations,
industrial premises, and dense urban areas—ensuring electrical safety in potentially hazardous environments
becomes critical. Hazardous area classification involves identifying zones where flammable gases, vapors, or

combustible dust may be present, and tailoring the design and installation of electrical equipment accordingly.

Understanding Hazardous Areas

A hazardous area is a location where there is a risk of fire or explosion due to the presence of flammable substances
in the atmosphere. Electrical equipment in these areas must be specially designed to prevent ignition of hazardous

atmospheres.

Classified Zones (as per IS/IEC 60079 series and IS 5572) :

. Zone 0: Area where an explosive gas atmosphere is present continuously or for long periods.
. Zone 1: Area where an explosive gas atmosphere is likely to occur in normal operation.
. Zone 2: Area where an explosive gas atmosphere is not likely to occur in normal operation but, if it does, will exist

for a short period.

Relevance to EV Charging
While most EV charging stations are installed in non-hazardous locations, certain installations may be close to fuel
stations, CNG outlets, industrial zones, or battery swapping stations, where hazardous classification becomes

applicable.

Key Risks:
. Hydrogen evolution during battery charging or swapping, especially for lithium-ion or lead-acid batteries.
« Electrolyte vapors in poorly ventilated charging rooms.

. Presence of flammable gases in shared spaces with petrol or diesel infrastructure.

Applicable Standards and Guidelines
. IS/IEC 60079 series: Explosive atmospheres — requirements for electrical equipment.
« IS 5572: Classification of hazardous locations.
. CEA Safety Regulations 2023, Chapter XI: Additional requirements for EV charging near hazardous installations.

- NFPA 70 (NEC) : Referenced for explosion-proof electrical installation norms in international codes.



Installation Considerations
. Equipment Selection: Use flame-proof, intrinsically safe, or increased safety-rated components as per zone
classification.
- Ventilation: Ensure adequate airflow in enclosed battery rooms or charging enclosures.
. Distance Criteria: Maintain safe separation distances between EV charging and fuel dispensing stations.
- Ingress Protection: Enclosures must conform to minimum IP65 rating to prevent ingress of dust and vapors.
. Cable Routing: Avoid sparking sources; ensure armored cables or conduits are used in classified zones.

. Signage & Marking: Hazard zones should be clearly marked with warning signs.
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Annexure 1

CASE 1 : RCD Mismatch, Fire Hazards, and Grounding Gaps at Urban EV Charging Site

Define Objective
The primary goal of this audit was to evaluate the electrical infrastructure of the EV Charging Station. The assessment
aimed to:

. Verify compliance with safety standards and statutory regulations.

« ldentify electrical hazards and safety risks.
. Review equipment conditions, system protection, and preventive maintenance effectiveness.
- Recommend corrective actions and best practices to enhance operational reliability.

Introduction

Electric vehicle charging stations require rigorous electrical safety protocols to protect
personnel, infrastructure, and the public. Unsafe installations can lead to hazards such as electric shock, arc flash

incidents, fire, equipment damage, and explosions. This audit ensures adherence to safety standards including:

. CEA Safety Regulations 2023

- National Electrical Code (NEC) 2023
. National Building Code (NBC) 2016
« Relevant IEC/IS standards

Methodology
The audit involved:
« Visual Inspection: Assessment of LT panel, distribution board, and charger installations.
« Compliance Verification: Comparison with IEC 61851, IS 17017, and CEA regulations.

- Risk Analysis: Identifying electrical hazards related to grounding, surge protection, and emergency access.

. Incident Review: Examination of historical incident reports and preventive measures.
Data Collection and Analysis

. System Specifications: Evaluation of power distribution, charger models, and safety mechanisms.
. Key Findings: Identification of non-compliant installations and operational inefficiencies.

. Hazard Assessment: Reviewing risks associated with lightning protection, emergency operation, and

weatherproofing.
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Findings

The audit revealed several areas requiring urgent attention:
. Safety Gaps: Type A RCDs installed instead of required Type B (IS 17017).
. Fire Safety Concerns: Non-functional smoke detector in the feeder supplying EV charger DB.
« Infrastructure Issues: Thermocol sheets in panel rooms (flammable material), lack of lightning protection, missing
surge protection devices (SPDs), rusty DB support frame,unsealed cable entry holes & missing door earthing.

. Operational Risks: Limited emergency space in charger areas, no preventive actions recorded in incident

management logs.

Thermocol in Panel room Nonfunctional smoke detector

| Ul

Rusty supporting frame Unsealed cable entry,
No ferrules, Missing door earthing
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Recommendations

Immediate Actions (High Priority)
« Install Type B RCDs in compliance with IS 17017 and IEC 61851.
. Replace non-functional smoke detector above feeder 9F1.
« Implement lightning protection for outdoor charger areas.
« Redesign parking layout to ensure a minimum 1-meter escape space.
- Provide weatherproof shelter over charger units.

- Install flexible earthing conductor (door loop) for DB safety.

Medium-Term Improvements
- Seal open cable entries to prevent moisture and vermin ingress.
« Upgrade rusty DB support frame with corrosion-resistant materials.
. Install SPDs at DB level as per manufacturer’'s recommendations.
. Remove thermocol sheets and replace with fire-rated insulation.
- Improve cable protection within the LT panel.

. Implement standardized cable identification within DB.

Medium-Term Improvements
. Seal open cable entries to prevent moisture and vermin ingress.
« Upgrade rusty DB support frame with corrosion-resistant materials.
. Install SPDs at DB level as per manufacturer's recommendations.
- Remove thermocol sheets and replace with fire-rated insulation.
- Improve cable protection within the LT panel.

. Implement standardized cable identification within DB.




Annexure 2

CASE 2 : Single Earthing, LPS Non-Compliance, and Load Imbalance at Battery
Swapping Facility

Objective

To evaluate the electrical safety and operational integrity of the Battery Swapping Station in identifying compliance gaps

and safety hazards, and providing actionable recommendations.

Introduction

Battery Swapping Station operates a modular battery swapping facility vital to EV infrastructure. The electrical safety
audit, conducted on December 19-20, 2024, focused on verifying adherence to Indian and international safety

standards and identifying critical issues impacting safety, performance, and regulatory compliance.

Methodology

This audit was conducted using a combination of physical inspection, regulatory assessment, and field-level
performance checks. Assessment criteria were drawn from:

« Central Electricity Authority (CEA) Safety Regulations 2023

- National Electrical Code (NEC) 2023

. National Building Code (NBC) 2016

« |EC/IS standards including IS/IEC 62305
Key techniques included:

. Visual walkthroughs of DBs, swapping units, and infrastructure

« Equipment layout evaluation

- Documentation review

« Personnel interviews

Data Collection and Analysis

. Data was gathered through on-site examination of:

- Main Distribution Board (earthing, signage, structural support)

- Individual swapping units (fire safety, cooling, moisture control)

. Battery charging system (load balancing, protective devices)

. Infrastructure (shed, emergency signage, environmental controls)

- Each finding was mapped to applicable regulatory requirements and safety benchmarks to assess conformance

and operational risk.



Findings

Good Practices Identified:

Fire Safety: Fire extinguishers, smoke detectors, and automatic suppression installed in all units
Environmental Control: Cooling fans, AC, moisture absorbers, water-triggered electrical cut-off
Electrical Safety: MCBs, RCDs, and SPDs deployed at DB and unit levels

Operational Readiness: On-site technician available; instructions visibly posted

Structural Integrity: Covered by a metallic shed; multi-vendor battery compatibility supported

Cooling fan Safety instructions



Recommendations

1. Earthing & Grounding

- Install a second independent earth connection for the Main DB

. Eliminate shared or series earthing across multiple systems
2. Lightning Protection

- Replace non-compliant ESE system with a passive LPS per IEC 62305
3. Emergency Access

. Remove cable tags on emergency pushbuttons

. Install shrouded emergency stop enclosures for safety and access
4. Panel Marking & Corrosion Control

- Affix proper ID and danger signage to the Main DB

. Treat and coat corroded DB support frames and battery dock cabins
5. Load Management

- Implement 3-phase load balancing and monitor regularly during charging cycles

Only one earthing provided to the DB DB without identification and Danger notice
DB support frame is corroded
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Annexure 3

CASE 3: Wiring Errors, Fire Readiness Gaps, and Documentation Issues at High-

Capacity EV Depot

Objective

To evaluate the electrical safety conditions at the Bus Depot EV Charging Station and identify compliance gaps related
to statutory safety regulations and applicable standards (CEA, NEC, NBC, IEC/IS). The audit aims to enhance the

safety of personnel and infrastructure, ensuring operational continuity and environmental protection.

Introduction

The Bus Depot is a high-capacity EV charging site where electrical safety is vital. Unsafe electrical installations or poor
maintenance can lead to significant hazards such as shock, arc flashes, fire, and equipment damage. This audit was
carried out to examine safety practices, protective infrastructure, and compliance with established codes and

regulations.

Methodology
Visual Inspection: Physical inspection of panel rooms, DBs, chargers, and earthing systems
Document Review: Analysis of reports, schematics, and maintenance records
Interviews: Informal discussions with staff to understand operational practices
Testing: Review of available test results and recommendations for missing data
Standards Referenced:
. CEA Safety Regulations 2023
« National Electrical Code 2023
- National Building Code 2016
« IS/IEC guidelines

Data Collection and Analysis

Electrical Infrastructure: Power supplied through 1600 kVA transformers, with 200 kW and 240 kW Tellus DC
chargers

Protective Systems: Installed SPDs, energy meters, RCDs, smoke detectors, cooling fans, and rubber mats

Key Parameters Monitored: Voltage, current, SOC, energy, and duration displayed on EV chargers
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Parameters Displayed on the EV Charger Screen

Maintenance Checks: Periodic inspections for charger performance, grounding, lightning protection, MCCBs, and
thermographic analysis
Document Gaps Identified:

« Duplicate or missing test reports

- Incorrect data entries

« Missing thermal scan images

Findings

Non-Compliances:
« Incorrect wiring color codes per NEC 2023
. MCCBs without phase separators
« Improper cable gland sealing
- Missing first aid kit (CEA Reg. 29)
« Incomplete LOTO implementation
« Obstructed lightning terminal (CEA Reg. 124(7))
. Earth pit testing procedures inadequate (IS 3043)
« Smoke and RCD test reports missing
. Missing fire suppression inside chargers
- Danger signage absent in some locations
« Unlabeled emergency push buttons

« Thermal scan report errors

Safety Strengths:
- Raised platform and roofing for environmental protection
« Controlled access to electrical rooms
- Protective rubber mats and firefighting provisions in place

. Work permit system and qualified staff presence
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Protective rubber mats in front of panel

Protective rubber mats in front of Charger

Protective rubber mats in front of DB

Firefighting equipment
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Recommendations
- Trim or relocate lightning terminal obstruction and verify the entire system per IS 62305
. Isolate and test earth pits individually to ensure accurate results
« Install automatic fire suppression systems in all chargers
. Display mandatory danger signage and emergency labels throughout the site
« Implement a written LOTO procedure and provide a LOTO box
. Correct documentation errors in maintenance logs and scan reports
« Test smoke detectors and overload devices
« Perform and document RCD testing for each charger
- Ensure proper color coding, cable gland sealing, and phase separation
. Maintain first aid provisions in all electrical rooms

« Clarify reverse power protection mechanisms as per CEA Reg. 124(8)

g

No danger warning board

Missing phase separator earthing provided on only one
Improper glanding and wrong colour code
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