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Abstract: The consumer adoption of electric vehicles (EVs) has become most popular. Numerous
studies are being carried out on the usage of EVs, the challenges of EVs, and their benefits. Based on
these studies, factors such as battery charging time, charging infrastructure, battery cost, distance
per charge, and the capital cost are considered factors in the adoption of electric vehicles and their
interconnection with the grid. The large-scale development of electric vehicles has laid the path to
Photovoltaic (PV) power for charging and grid support, as the PV panels can be placed at the top of
the smart charging stations connected to a grid. By proper scheduling of PV and grid systems, the
V2G connections can be made simple. For reliable operation of the grid, the ramifications associated
with the PV interconnection must be properly addressed without any violations. To overcome the
above issues, certain standards can be imposed on these systems. This paper mainly focuses on the
various standards for EV, PV systems and their interconnection with grid-connected systems.

Keywords: EV; PV; standards; grid-connected systems

1. Introduction

In the rapidly developing world, environmental pollution is one of the major global
issues that needs to be countered. Electric vehicles (EVs) are being promoted for the
mitigation of the toxic emissions which come from internal combustion engines. Though
it possesses several advantages, some of the factors, such as the high cost of the electric
vehicle and lack of charging infrastructure, make it complex for consumer adoption [1]. To
implement the charging infrastructure for electric vehicles, we need to provide communi-
cation among the vehicle and the charging plugs/sockets. There are different categories
of electric vehicles, and each has different features and operating principles. Therefore,
it is necessary to look into the standards and safety requirements for the installation of
charging stations [2]. The major pollution to the environment is caused mainly by Green
House Gases (GHG) that are emitted by the automobile sector. Therefore, to reduce the
amount of GHG emission, the government of India has proposed the idea of “EV by 2030”.
In the same way, it is also proposed at the “8th Clean Energy Ministerial (CEM8) held in
Beijing, China. To encourage these ideas, governments are providing incentives for EV
transition. By 2030, it is aimed that thirty percent of India’s total market share will be
allotted to EV incorporations, of which ten percent will be made up of light commercial
vehicles and buses [3]. To reduce the fuel cost of the vehicles and to suppress the economic
fluctuations, the government encourages car manufacturers to migrate to the production of
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electric vehicles. As we step into the new generation of the transportation sector, there are
some challenges that must be addressed. The various challenges associated with EV are
given in Figure 1.
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Figure 1. Challenges of electric vehicles.

As discussed already, the charging infrastructure, size, and battery cost are the major
issues in EVs. To assist the charging facility of electric vehicles PV panels can be added to
the system. Distributed generators can relate to the grid and topological design to ensure
better reliability and facilitates the V2G operation. Apart from this, new techniques such
as the swapping of batteries are introduced in some countries which has proven to be a
partial success. The main objective of this paper is to provide a brief knowledge to those
who are working in the field of electric vehicles and distributed generators (DGs) and their
interconnection with the smart grid. This review paper is organized as follows: firstly, we
discuss the various categories of electric vehicles, the challenges in the EV domain, after
which, we discuss the various standards for the development of EV and PV in a smart grid.

2. Categories of Electric Vehicles

Electric vehicles are propelled with electric motors and the energies are stored in
a portable energy storage device such as a battery. It provides an efficient means for
transportation and helps in reducing atmospheric pollution due to the emission of GHG.
These electric vehicles are classified into different types, as shown in Figure 2.
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2.1. Hybrid Electric Vehicles (HEV)

This kind of electric vehicle is formed by the combination of two different power
sources i.e., an engine and an electric motor [4]. The battery connected with the HEV
system is charged by the electricity that is generated by the braking system. By using this
model, fuel economization can be enhanced and thus supersedes the usage of internal
combustion engines [5]. The pictorial representation of series and parallel hybrid electric
vehicle drive trains is shown in Figure 3a,b, respectively.
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2.2. Plug-In Hybrid Electric Vehicle (PHEV)

The plug-in hybrid electric vehicle is similar to HEV, with electricity as the prime
source and the engines used when the battery is depleted. The schematic of PHEV for
series and the parallel connection is shown in Figure 4. One of the major advantages of
PHEV is that it uses gasoline for driving vehicles. This makes it more flexible and popular
among the EV sector [6]. The batteries employed in PHEV can be charged in two ways,
either by using an external electric source or by the braking system. Some of the basic
requirements of batteries for PHEV system are listed below [7].

1. It should have a high power density
2. It should have a high energy density
3. It should have the capability of recycling
4. It is advised to use the batteries with a long life cycle, provided with high safety

measures.
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2.3. Battery Electric Vehicles (BEV)

In BEVs, the vehicle is driven by an electric motor, and the energy is stored in batteries
that are attached to the system. The block diagram of battery electric vehicles is given in
Figure 5.
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These vehicles can be charged by an external electric source and are therefore also
called plug-in electric vehicles. Apart from the merits of BEVs, the major drawback of
this kind of vehicle is the size of the battery. BEVs can be used only for short-distance
transportation. For longer distances, the battery cost will be high and the system becomes
complex [8].

2.4. Fuel Cell Electric Vehicle (FCEV)

FCEVs are novel kind of EV that are driven by the electrical energy obtained from
the hydrogen fuel from a fuel cell stack. These vehicles are emerging as a clean source
of energy with high conversion efficiency. It possesses good dynamic properties with an
efficient driving range. The drawbacks of internal combustion engine (ICE) vehicles, such
as shortage in energy, pollution, etc., can be rectified with the help of FCEVs [9,10]. The
drive train of FCEVs consists of a fuel cell stack, power battery bank, converter topology
(DC-DC), and an electric drive system with the motor. A schematic of the FCEV system is
shown in Figure 6.
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The entireties of electric vehicle types are compared based on some parameters and
listed in Table 1.

Table 1. Comparison of Electric Vehicles.

Types of EVs HEV PHEV BEV FCEV

Propellant
Electric motor drive

and internal
combustion engine

Electric motor drive
andinternal

combustion engine
Electric motor Electric motor drives

Energy storage system Battery, ultra capacitor,
ICE generating unit

Battery, ultra capacitor,
ICE generating unit Battery, ultra capacitor Fuel cells

Operating modes Charge (assisting) Charge (assisting) and
mixed mode Charge (depleting) Charge (depleting)

Battery type NiMH NiMH, Li-ion Li-ion Li-ion

Maximum speed
(km/h) 170 160 80–200 100–160

Maximum distance
covered (km) 900–1200

900 during hybrid
20–60 during electric

mode
120–400 100–600 km

Electricity
Consumption

(kwh/km)
- 0.225 0.175 0.13

CO2 emission
(gCO2/km) 109 132 88 2.7–20.9

Energy Source Electric grid, gasoline Electric grid, gasoline Electric grid charging
stations Hydrogen

Characteristics

Very low emission,
long range.

Power can be obtained
in two ways.

Recharged from
external outlet,

driving for long
distance with electric

mode alone

No emissions
Very little or no
emissions, high

efficiency

Drawbacks

Battery and engine size
optimization,

complex energy
management

Relatively expensive,
maintenance cost is

high and it is complex.

Battery cost is high for
large capacity range,

charging time, lack of
availability of charging

stations

Cost is high, lack of
availability of fueling

facilities, battery sizing

3. Challenges in EV
3.1. Battery Technology

Battery plays a vital role in the development of electric vehicles. It is one of the
key parts of the vehicle drive train system for the efficient operation of EVs. The power
rating, size, characteristics, and life cycle of the batteries are the few parameters that have
to be noted while selecting a battery for an electric vehicle. The other important factor
in the battery is the charging and discharging scheme. Generally, the level of charge in
EVs refers to the voltage and power rating of the charging system [11,12]. The charging
characteristics of the batteries are determined by the factors SOC, SOH, and DOD and they
can be estimated by incorporating a battery management system (BMS) [13].

Researchers have analyzed and performed many experiments on battery technologies
to improve the efficiency of the batteries incorporated in EVs. Some of the advanced
batteries developed for EV which are light in weight, compact in size, and cost-effective
are discussed below:

(i) Lithium-ion battery: The lithium battery possesses high power and energy density.
The charging and discharging capability of lithium-ion are fast when compared to
other types of batteries. It has a longer life cycle [14].
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(ii) Lithium-sulfur battery: In this case, the anode is made up of lithium, and the cathode
is made up of sulfur-carbon. Theoretically, it proves to be cost-effective than lithium-
ion batteries but the life cycle of Lithium-sulfur batteries is low.

(iii) Solid-state batteries: Solid-state batteries include a capacitor. The important features
of solid-state batteries are as follows: capable of operating at higher temperature
range, eliminates electrolyte leaks, extended lifecycle [15].

A diagram representing the characteristics and performance parameter of commonly
used batteries for EVs is shown in Figure 7 [16].
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3.2. Charging Infrastructure

Next to battery technology, the charging infrastructure for an electric vehicle is one
of the most important factors. Generally, charging equipment includes different types of
converters for power conversions from AC/DC, DC/DC, etc. The basic block diagram for
an electric charger is shown in Figure 8.
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The charging modes of PHEV and BEVs are classified into four types based on the
charging station type [17]. A detailed view of the types of charging modes is given in
Table 2 [18–21].
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Table 2. Parameters and levels of charging modes.

Charging Levels Supply Voltage Rating Current Rating Power Rating Connectors Used Based on the
Standards

Level I Single Phase 120 V AC 16 A 2 kW SAEJ1772, NEMA 5–15
connectors

Level II Single Phase 240 V AC 12–80 A 2.9–19.2 kW
SAE J1772, IEC 62196, IEC 60309,
IEC 62198-2 Mennekes & Scame

connectors

Level III Three Phase 400 V AC 32–63 A 22.1–43.7 kW
IEC 60309, Magne charge, IEC

62198-2 Mennekes & Scame
connectors

Level IV DC supply 300–600 V DC Upto 400 A Upto 240 kW
Combo of SAEJ1772 &

CHAdeMO, IEC 62196 Mennekes
Combo connectors

4. Standards for Electric Vehicles

The usage of electric chargers for EVs can be chosen based on the rating of the system
with the help of some predefined standards. The different IEC and SAE standards related
to electric vehicle equipment are given below:

IEC 62196: This standard defines about the plugs, socket outlets, vehicle inlets and
couplers. [22,23]

The various accessories required for the charging of an electric vehicle is included
and explained in this standard. The operating voltage and current ratings of these devices
should not exceed 690 V AC at 50 Hz and 250 A, respectively. In the case of DC voltage, it is
restricted to 1500 V DC and 400 A. The installation of all these components should be done
by a skilled person. These components can be used with the charging circuit explained in
the standard IEC 61851.

IEC 61851: This standard defines the on-board and off-board equipment for charging
electric vehicles. [24]

The standard explains the services for providing additional power that are required
by the electric vehicle whenever it is connected to a supply. The supply voltage ratings are
limited to 690 V AC and 1000 V in the case of DC supply. It also suggests the electrical
safety requirement of the devices which apply to this standard.

SAE J2293: This explains about the energy transfer system for Electric Vehicles. [25]

It defines the requirements for energy transfer between the EV and the utility system.
It applies to both onboard and Off-board electric vehicles to ensure the interoperability of
the vehicles and supply system.

SAE J1772: This standard deals with the electric vehicle conductive charge coupler. [26]

This standard is meant for the functional and operational requirements for the EV
inlet and the connectors when operated under conductive charging mode.

SAE J1773: This standard deals with the electric vehicle inductively couple charging. [27]

This explains the phenomenon of inductively coupled charging in electric vehicles
for power transfer at a frequency that is greater than the power line frequency. It applies
to inductive charging for the power transfer at Levels 1 and 2. The important point to
be noted in this case is that this standard is only for manual connected mode and is not
applicable for automatic connection methods.

SAE J2836: Recommended Practice for communication between Plug-In Vehicles and
utility grid. [28]
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It includes the functional operations for plug-in electric vehicles, interoperability
standards for the transfer of power from the utility to EV, and security measures. It also
gives instructions for hybrid communication of vehicles, such as V2G connection employed
with an off-board inverter.

NEC 625 USA: It defines about the Electric Vehicle Charging System.

The provisions of this article cover the electrical conductors and equipment external
to an electric vehicle that connect an electric vehicle to a supply of electricity by conductive
or inductive means, and the installation of equipment and devices related to electric
vehicle charging.

CHAdeMO Japan: DC fast charging standard. [29]

It defines the method of fast charging of battery-operated electric vehicles which
can operate up to 1000 V DC with a current rating of 400 A. DC of high voltage rating is
supplied through a specially designed electrical connector.

SS 428 08 34: Plugs and socket-outlets for household and similar purposes—Particular
requirements for plugs and socket-outlets used in Sweden. [30]

The safety measures for electric vehicle accessories such as plugs and socket-outlets
have been given in detail. The voltage rating for the devices ranges between 50–1000 V
AC and 75–1500 V DC. Other than the plugs and sockets, the instructions for general
provisions of electrical equipment is explained in the National Electrical Safety Board
regulation—2000:1.

SS-EN 61851-1: Electric vehicle conductive charging system—Part 1: General requirements.

The standard gives detailed instruction on the operating conditions of the electric
vehicle along with its supply system and the interconnection of EV and its accessories. It
also explains the safety measures of the supplied equipment with its voltage and current
rating limited to 1000 V AC and 1500 V DC.

SS 436 40 00: Low-voltage electrical installations—Rules for design and erection of
electrical installations. [31]

It recommends the guidelines for the design, erection, and verification of electrical
installations for low voltage. It also provides the safety measure for people and livestock
against damages that could arise during the installation of such equipment and to ensure
the proper functioning of the system.

SS-EN 60309-1: Plugs, socket-outlets and couplers for industrial purposes—Part 1:
General requirements. [32]

It applies to all electrical accessories which are operating under a voltage rating of
500 V and a current rating of 250 A at a frequency range of 500 Hz.

SS-EN 60309-2: Plugs, socket outlets and couplers for industrial purposes—Part 2:
Dimensional interchangeability requirements for pin and contact-tube accessories. [33]

The second part of this standard deals with the requirements of electrical accessories
that can be employed for industrial usage. Here, the operating voltage is limited to 690 V
at a frequency of 500 Hz. The current rating should not exceed 125 A. It cannot be imple-
mented for those accessories which are meant to be used for domestic and general purposes.

SS-EN 62196-1: Plugs, socket-outlets, vehicle connectors and vehicle inlets—Conductive
charging of electric vehicles—Part 1: General requirements. [34]

It recommends the usage of plugs, sockets, and vehicle connectors for the conductive
charging mode of EVs. The voltage rating of these devices should not exceed 690 V AC,
50 Hz, and the current rating restricted to 250 A. Similarly for DC, it should be maintained
within 1500V DC at a rated current of 400 A. The later version of this standard describes the
requirement which needs to be identified under the locking/interlock of the device and the
latching device. It also gives instructions on insulated caps and proper testing methods.
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SS-EN 62196-2: Plugs, socket-outlets, vehicle connectors and vehicle inlets—Conductive
charging of electric vehicles—Part 2: Dimensional compatibility and interchangeability
requirements for a.c. pin and contact-tube accessories. [35]

It gives the requirements of electrical accessories with the additional dimensional
compatibility and interchangeability for AC pins, connectors, and contact tubes. The
ratings of these devices are limited to 480 V AC, 50 Hz with a current rating of 60 A.

SS-EN 62196-3: Plugs, socket-outlets, vehicle connectors and vehicle inlets—Conductive
charging of electric vehicles—Part 3: Dimensional compatibility and interchangeability
requirements for d.c. and a.c./d.c. pin and contact-tube vehicle couplers. [36]

It defines the accessory requirements for AC and DC pins, connectors, and contact
tubes for electric vehicles. For DC pins it can be maintained up to 1500 V DC, 250 A and
for AC pins it should not exceed 1000 V, 250 A. This standard is applicable for interfacing
the components at higher DC power.

SS-IEC 60884-1: Plugs and socket-outlets for household and similar purposes—Part 1:
General requirements. [37]

It can be applied to both fixed and portable devices with AC supply only. The voltage
can be varied between 50–440 V AC with a current rating of 32 A.

SS-EN 50160: Voltage characteristics of electricity supplied by public distribution
systems. [38]

It describes the characteristics of voltage at the user’s terminal under normal operating
conditions. It is not applicable for places such as construction work/maintenance with
temporary supply.

SS-EN 61557-9: Electrical safety in low-voltage distribution systems up to 1 kV a.c. and
1,5 kV d.c.—Equipment for testing, measuring or monitoring of protective measures—
Part 9: Equipment for insulation fault location in IT systems. [39]

It recommends the requirements for equipment that can be incorporated at the insu-
lation fault location system. In the case of unearthed IT ac systems, the nominal voltage
rating is limited up to 1000 V and for DC systems it is up to 1500 V.

SS-EN 60529: Degrees of protection provided by enclosures (IP Code). [40]

This standard applies to the classification of degrees of protection provided by enclo-
sures for electrical equipment with a rated voltage not exceeding 72.5 kV.

SS-EN 61558-2-4: Safety of transformers, reactors, power supply units and similar prod-
ucts for supply voltages up to 1100 V—Part 2-4: Particular requirements and tests for iso-
lating transformers and power supply units incorporating isolating transformers. [41]

SS-EN ISO 15118-1:2019: Road vehicles—Vehicle to grid communication interface—
Part 1: General information and use-case definition (ISO 15118-1:2019). [42]

It is applicable for conductive and wireless power transfer technologies. The energy
can be transferred either from the EV battery to the supply unit or vice versa. This ISO
15118 standard does not include the internal communication between the battery and other
internal equipment of the vehicle.

SS-EN 61643-11: Low-voltage surge protective devices—Part 11: Surge protective
devices connected to low-voltage power systems—Requirements and test methods. [43]

Standard 61643-11:2011 deals with the specifications of the devices that are used
for surge protection against the effects of lightning and other transient conditions. The
frequency should be maintained at 50 Hz with the power circuits rated at 1000 V RMS.

SS-EN 62262: Degrees of protection provided by enclosures for electrical equipment
against external mechanical impacts (IK code). [44]
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It refers to the degrees of protection provided by the enclosures against mechanical
impacts whenever it is operated at a rating less than 72.5 kW.

SS-EN 60898-1: Circuit-breakers for overcurrent protection for household and similar
installations—Part 1: Circuit-breakers for a.c. operation. [45]

It is applicable for AC circuit breakers that operate at 50 Hz with a rated voltage of
440 V, 125 A. The short circuit current rating is limited up to 25,000 A. It can be used to
protect over current against the households and wiring installations.

Apart from these standards, several other standards can be adopted for the intercon-
nection of EVs. Researchers working in the electric vehicle domain have performed many
experiments on the charging of EVs in distributed systems and their penetration levels.
The EV acts as an active load element during the charging condition and acts as generators
during the regeneration process [46,47].

Similarly, when a distributed generator like PV is connected to a power system
network, certain standards and guidelines are recommended to ensure the compatible
and reliable operation of the PV systems. As the penetration of PV gradually increases, its
intermittent nature influences the operation of the power systems with voltage fluctuations
and reverse power flow. To overcome this problem, suitable protective equipment can
be added while interfacing with the grid [48]. The operational safety, signals indicating
warning, insulation, access limitation, islanding protection, grounding, and other aspects
form the crux of the guidelines while the standards are being framed, implemented,
and revised.

Several standards are framed irrespective of the type of PV and the technologies from
various manufacturers across the globe. The International Electrotechnical Commission
(IEC) and Institute of Electrical and Electronics Engineers (IEEE) standards are widely used
as a reference to develop other electric power standards [49,50]. Some of the major electric
power standards applied towards PV interconnection for various countries and regions are
shown in Figure 9.
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Recently, solar-based EVs are also becoming more popular as they promotes the
usage of renewable energy. Therefore, some of the above-mentioned standards can be
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utilized while interconnecting the solar-based EVs with the distributed systems. In that, the
IEEE 1547 series explains the various standards such as the interconnection of distributed
resources, testing procedures, monitoring, etc. The IEEE 1547 standards are given below in
Table 3 [51].

Table 3. IEEE standards for interconnection of DGs (PV and EV) with distributed systems.

Standard Description

IEEE 1547–2003 IEEE Standard for Interconnecting Distributed Resources with Electric Power Systems.

IEEE 1547.1–2005 IEEE Standard Conformance Test Procedures for Equipment Interconnecting Distributed
Resources with Electric Power Systems.

IEEE 1547.2–2008 IEEE Application Guide for IEEE Std 1547, IEEE Standard for Interconnecting Distributed
Resources with Electric Power Systems.

IEEE 1547.3–2007 IEEE Guide for Monitoring, Information Exchange, and Control of Distributed Resources
Interconnected with Electric Power Systems.

IEEE 1547.4–2011 Guide for Design, Operation, and Integration of Distributed Resource Island Systems with
Electric Power Systems.

IEEE 1547.6–2011 Recommended Practice for Interconnecting Distributed Resources with Electric Power Systems
Distribution Secondary Network.

IEEE P1547.7 Guide to conduct Distribution Impact studies for Distributed Resource Interconnection.

IEEE P1547.8 Recommended Practice for Establishing Methods and Procedures that Provide Supplemental
Support/ancillary services for Implementation Strategies for expanded use of IEEE Std 1547.

In the IEEE 1547 standard, the general requirements and specifications for the inter-
connection of DERs with the electric power system (EPS) are mentioned. But this standard
does not include any test procedures for evaluation and conformance testing of the equip-
ment. Therefore, the IEEE has published another standard in the year 2005. In IEEE 1547.1
standard, the demonstration procedures for the interconnection of equipment, the specifi-
cations about the type of devices, and certain commissioning test procedures have been
included. In 2008 another standard called IEEE 1547.2, was published which provides the
guidelines for schematics, technical descriptions, and guidance on applications as a rule
of thumb to ensure the proper usage of the 1547 standard. The guidelines on information
exchange, monitoring, and control scheme of DER interconnections were explained in
IEEE standard 1547.3. This helps to address proper communication and interoperability
functions between the equipment and the operating personnel. The IEEE standard 1547.4
includes the guidelines on unintentional islanding, so that the power transfer from DERs
to the adjacent electricity customers or the grid can be prevented when there is a sudden
loss in power supply between the grid and the transmission system. It also addresses the
capability for reconnection to a part of the grid while providing power to the nearby grid
customers. In the year 2011, the IEEE standard 1547.6 was published to address the issues
on the secondary networks of the distribution system. It also gives better solutions for
the interconnection of distributed energy resources to the distribution networks. In 2013,
IEEE framed a standard 1547.7 to address the scope, criteria, and impact of DER on the
distribution system. It describes a scheme based on a tiered approach with certain criteria
and also about the conventional impacts. These criteria are used for the determination of
impact mitigation. In the final standard of the 1547 series, IEEE standard 1547.8 innovative
process and operational procedures have been addressed and published in the year 2014. It
includes some advanced control techniques for power electronic devices such as an inverter
that can be used for grid support during the operation of the grid. All these standards can
be utilized to ensure the proper operation of the grid and the devices associated with it.

Based on the IEEE and IEC standards, few other international standards are developed
and being practiced for PV interconnection. Some of the international standards are given
in Table 4 [52].
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Table 4. Various standards for PV and EV and its charging (applicable for DGs).

Standards Description

IEEE Standard 929-2000 IEEE Recommended Practice for Utility Interface of DG systems up to 10 kW

IEEE Standard 1547-2004
IEEE standards for interconnecting distributed resources with electric power
systems laid the foundation for: UL 1741, inverters, converters, controllers,
interconnection system equipment for use with distributed energy resources.

CSA 22.2 No. 107.1-01(R2011) General use power supplies.

CAN/CSA-C22.2.NO.257-06 (R2011) Interconnecting Inverter based micro-distributed resources to distribution systems.

CAN/CSA-C22.3. NO. 9-08 Interconnection of distributed resources and electric supply systems.

IEC-TC8 Grid integration of renewable energy generation

IEC-TC57 Security standards for power system’s information infrastructure

TC 82 Solar photovoltaic energy systems.

TC 22 Equipments for electronic power conversion.

IEC 62109 Safety of power converters for use in photovoltaic power systems—Part 1: General
requirements & Part 2: Particular requirements for inverters.

IEC 62116 Test procedure of islanding prevention measures for utility-interconnected
photovoltaic inverters.

IEC/TR 61850-90-7 Communication networks and systems for power utility automation—Part 90-7
Object models for power converters in distributed energy resources (DER) systems.

IEC 62477
Safety requirements for power electronic converter systems and equipment—Part1:
general & Part 2: Power electronic converters from 1000 V AC or 1500 V DC upto
35 kV AC.

IEC 62116 Test procedure of islanding prevention measures for utility-interconnected
Photovoltaic inverters.

IEC 61727 Photovoltaic (PV) systems characteristics of the utility interface.

5. Supporting Standards Facilitating PV Interconnection

Apart from the above-mentioned standards, other standards that are associated with
PV Solar interconnection helps in the integration of PV with the power system. Several
other devices such as PV modules, data acquisition systems, smart grid interoperability,
protection devices, and standards for balance of system (BOS) components like mount-
ing structure, cables, batteries, junction boxes, switch gears, charge controllers are also
discussed in this section.

(a) PV solar module technology standards

PV solar modules are classified based on the type of material used. They are crystalline
and thin-film solar modules. The United States adopts IEC 61215, IEC 61730-I &II, IEC
61701 for using crystalline technology. IEC 61646, IEC 61730-I&II, IEC 61701 are adopted
for employing crystalline technology. Part I are the requirements for the construction of the
module and part II are the requirements for testing and safety qualification. India adopts
IEC 61215 (CEA)/IS 14286, IEC 61730—I & II (CEA), IEC 61701/IS 61701 (MNRE) for using
the crystalline technology. IEC 61646 (MNRE), IEC 61730- I &II (CEA), IEC 61701/IS 61701
(MNRE) are adopted for the thin-film PV solar modules. Germany adopts IEC 61215, IEC
61730-I &II, IEC 61701 for using crystalline technology, and IEC 61646, IEC 61730-I&II, IEC
61701 for thin-film technology. Australia adopts IEC 61215, IEC 61730- I &II, AS/NZS 5033
using crystalline type PV. IEC 61646, IEC 61730-I & II, AS/NZS 5033 (installation and safety
requirements of PV array) for thin-film technology [53].

(b) Data acquisition systems

A suitable combination of computer software application and electronic hardware is
required for extracting the information about the health of the power system network to
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which PV solar has been interconnected. The complete status of this PV solar could then
be reported to a remote location. A data acquisition system could perform this task. This
can be considered to be a subset of the supervisory control and data acquisition (SCADA)
system. With the introduction of digital computers, command signals from the control
center were issued to lower or raise the generation levels and the opening and closing of
the circuit breakers based on suitable monitoring of the system status.

Following a disturbance at the generation and transmission level, the ability of the
system to withstand such contingences defines the system’s security. Power system security
is an important facet in monitoring, analysis, and real-time coordination of transmission
and generation systems [54]. As the traditional power system becomes complex, the
next-generation grid is commonly referred to as a smart grid. As a part of the planning
and operation of the grid, during the high penetration of PV solar acquiring the data
has become an important aspect. As the penetration becomes more significant, the role
of data acquisition systems becomes necessary. In the USA, FERC Order 661-A contains
SCADA requirements for wind plants. These are sometimes applied to large-scale PV
plants. Further details on SCADA for power system application on SCADA for power
system can be found in IEEE 1547.3 The complete guidelines for SCADA in power systems
for monitoring, exchange of information, and the control of the distributed resources’
interconnection be found in IEEE 1547 standard.

IEC 61850 is the global standard that has been applied towards communication
networks and systems for power utility automation functionalities. Australia adopts AS
4418.1 as a part of telecommunication systems and a protocol for SCADA systems. CEA in
India does not mandate any such protocol using data acquisition systems like SCADA.

(c) Communication standards

For the small PV power stations, there are no communication standards, but for
medium and large-scale PV, there are standards that are adopted.

China has adopted GB/T 19964, Q/GDW 617, and GB/T29319. Tracking the irradi-
ance, temperature and ambient temperature are part of this standard developed. Infor-
mation about the parameters like voltage, frequency, active power, reactive power, power
factor, main transformer, and disconnection status is also yielded. The communication stan-
dards for the U.S and Germany are based on the negotiations between the grid company
and the party that generates power [55].

(d) Interoperability—IEEE 2030 Standard

This standard provides guidelines in understanding and defining smart grid interop-
erability of the electric power system with end-use applications and loads. Interconnection
and intra-facing frameworks and strategies with design definitions are addressed in this
standard, guiding in expanding current knowledge. This expanded knowledge base is
needed as a key element in grid architectural designs and operations to promote a more
reliable and flexible electric power system. Interoperability is the “ability of two or more
systems or components to exchange information and to use the information that has been
exchanged.” The issues include the interoperation of system components supposedly
conforming to a particular standard as well as the interoperation of components across
standards. It is comprised of the interaction between different domains including the power
systems, information technology, and communication architecture. Though the standard
doesn’t exclusively address PV interconnection, it is embedded within this as a part of the
smart grid. During the interconnection process, the information about the interaction of
PV solar interconnection from the renewable energy domain with other different domains
like communication systems and information technologies is evident.

(e) Traditional Power System

A traditional/conventional power system infrastructure is distinctly made up of
generation, transmission, and distribution systems. The flow of electricity in this setting
is unidirectional, i.e., from the generation systems to the transmission systems and then
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to the distribution systems that would cater to the needs of a large number of customers.
In other words, a traditional power system consists of centralized generation with mainly
one-way communication, limited sensing, monitoring, and autonomous control.

(f) Smart Grid Infrastructure

A smart grid can be defined in several ways. It can be referred to as a smart power
system, an intelligent grid, the grid of the future, a self-healing grid, etc. A smart grid is
the transformation of a traditional power system by incorporating distributed generation
including renewable sources of energy like PV Solar and energy storage, intelligent power
electronics, intelligent measurements, intelligent communications, computational intel-
ligence, cybersecurity, visual and data analytics, and intelligent control systems. Unlike
the traditional power systems, a smart grid allows reverse power flow that could also
be referred to as a two-way flow of electricity with two-way communication providing
system and customer flexibility A smart grid would no longer be defined in terms of N-1,
N-2, or N-k, as in a traditional power system, but now in terms S-1, S-2, or S-k, where ‘S’
refers to a system of the systems. Currently, there are three additional complementary
standards designed to expand upon the base 2030 standard. IEEE P2030.1, Guide for
Electric-Sourced Transportation Infrastructure, IEEE P2030.2, Guide for the Interoperability
of Energy Storage Systems Integrated with the Electric Power Infrastructure, and IEEE
P2030.3, Standard for Test Procedures for Electric Energy Storage Equipment and Systems
for Electric Power Systems Applications. The series of IEEE 1547, the IEEE Std 1547.4
(microgrids) addresses many of the technical integration issues for a mature smart grid,
including issues of high penetration of distributed generators like PV Solar and electric
storage systems, grid support, and load management. The smart grid interoperability
standard is more of a layered approach. As the grid is evolving and expanding, the smart
grid interoperability defines the PV interconnection as its interaction with other domains
of engineering [56].

(g) Protection Devices

During abnormal events like voltage fluctuations, frequency deviations and uninten-
tional islanding can occur. To protect from further intensification of the events, protective
devices are mandatory, and hence their standards are associated. Typical protection devices
in solar systems consist of surge protective devices, DC and AC isolator switches, and an
isolation transformer.

(h) Surge Protection Devices

PV Solar is subjected to lightning strikes and surges at any unexpected instant of
time that can lead to electrical/mechanical damages. Irrespective of the distance, even
if the lightning strikes a few meters away, it will induce surge voltage in the electrical
installation loops that will cause severe damage. The U.S adopts UL 1449. Standards DIN
CLC/TS 50539-12 (VDE V 0675-39-12): 2010-09, prEN 50539-11, EN 61643-11 are adopted by
Germany. Australia adopted AS/NZS 1768. India adopts relevant International Standards
as mandated by CEA and MNRE [57].

(i) Isolator Switch

Both DC and AC isolator switches are used in the PV and grid-connected systems.
The AC switch is required to provide manual isolation during system installation or any
subsequent maintenance whereas DC switches are connected with PV array to isolate it
from the grid during installation. The U.S adopts UL 98 and UL 508. IEC 60364-7-7-12, DIN
VDE 0100-712, IEC 60947-3 are standards adopted by Germany. Standards for Australia
include AS/NZS 60898/IEC 60947. India adopts IEC 60947-I, II & III/IS 60947-I, II & III
(MNRE) [58].

(j) Isolation Transformer

For safety reasons, electrical equipment or devices are isolated from the main power
source as a part of AC reasons while the transformer supplies AC power from the source to
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the device. They can be used to eliminate the noise produced by the sensitive devices and
also provides galvanic isolation between the interconnected systems. The standards associ-
ated with PV interconnection for an isolation transformer are as follows. IEC 61558-2-6 is
adopted by Germany. India adopts IEC 61727 (CEA). It has also been mandated by some
SERC [59].

(k) Balance of System (BOS) components

A solar PV balance of system refers to the components and equipment which move
the DC energy generated by the solar panels. Using a suitable inverter, the DC power is
converted into AC power. BOS includes mounting structure, cables, batteries, junction
boxes, switch gears, charge controllers. Short descriptions of selective BOS components
with their standards are presented in this section [60].

(l) Junction box

A junction box is an enclosure where all PV strings of any PV array are electrically
connected and where protection devices can be located, if necessary. It also serves as a
protection device when a fault occurs in the DC circuit.

(m) Battery

Off-grid systems employ batteries more compared to grid-tied systems. The types
of batteries used mainly in PV systems are vented (flooded) and valve-regulated. This
regulation applies to all batteries made of lead acid and nickel. The life of a battery could be
determined using a comprehensive testing procedure. The battery is put through 150 cycles
of discharging and charging, assuming that the daily discharge is in the range of 2–20%.
The cycles are continued until the battery capacity has decreased to 80% of its rated capacity,
which is considered as the end of the useful battery life.

(n) Charge controller

There is more possibility that batteries get overcharged due to the high rate of current.
Solar charge controllers are charge regulators, in other words, they are referred to as battery
regulators. The basic functionality of a solar charge controller is to protect the battery bank
from getting overcharged by acting as a current limiter. They also ensure the life span of
the battery. A charge controller is typically integrated with the battery-based inverter. The
IEC 62093 standard is the most widely used globally for the testing procedure for all BOS
components of PV systems in natural environments [61].

(o) PV module mounting system

This system serves in the best way for fixing the PV panels on building facades,
roofs, or to the ground. It also enables retrofitting of PV panels on the ceiling or building
structures.

(p) Cables and connectors

Cables and connectors play a vital role in connecting modules of PV solar farms to the
inverter. Though the electrical connections in a system are not noticeable, they do have an
impact in terms of losses at the points of contact. To avoid such losses and accidents, cable
connections with less contact resistance can be done with protection and durability. Table 5
presents the standards for BOS components for PV interconnection.
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Table 5. BOS component standards for PV interconnection.

BOS Component U.S Germany Australia India

Junction boxes IEC 60670, UL 50 DINEN50548
(VDE 0126-5):2012-02 AS 1939 IEC 529-IP54, IP 21 (MNRE)

Battery IEC 61427 IEC 61427, DINEN
61427 AS 4086 IEC 61427, IS 1651, IS 13369 or

IS 15549 (MNRE)

Charge controller UL 1741 IEC 60068-2, IEC
62093/EN 62093:2005 IEC 62093 IEC60068-2, IEC 62093 (MNRE)

PV module mounting
system UL 2703 None AS/NZS 1170.2 None

Cables and connectors UL62, UL758,
EN50521

VDE0285, VDE 276, EN
50521,

VDE-AR-E-2283-4:
2011-10

AS/NZS 5000.1,
AS/NZS 3191,
AS/NZS 3000

IEC 60227/IS 694,
IEC 60502/IS 1554-I&II, IEC
60189, EN 50,521 (MNRE)

6. Conclusions

Electric vehicles have emerged as a tool for the energy and transportation sector which
uses electricity as the prime source for the propulsion of vehicles. This proves to be clean
energy transportation, with several benefits including reduced air pollution, reduced noise
pollution, high reliability, compact design structure with a well-equipped control system.
This paper discusses the different types of EVs and their performance. Along with this,
the challenges in the EV sector are also explained in brief. For a better operation of EV for
domestic and commercial use, it is necessary to follow certain international standards that
are published and proved to be efficient. Some of the important standards to be followed
in the design and manufacturing of EVs are also mentioned in this paper. Hence, it will
serve as a good point of reference for those working in the EV domain. In addition, some
of the important PV standards were discussed briefly.
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