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Preface

This document provides a general guideline and best practices guide for the installation
of rooftop solar PV systems in Sri Lanka. The guide was prepared based on the
applicable international standards and best industry pactices around the world. This
documentwould provide a guideline to plan and install a roof top PV system for a solar
system service provider. This would provide a guide for a utility to assess the technical

compatibility and quality of installation of a proposed or an installed solar PV syste.
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List of Abbreviations

a.c
BS

ER

IEC
IEEE
PV
PUCSL
RCD
SPD
STC

alternating current

British Standard

direct current

Engineers Recommendation

Current

International Electrotechnical Commission
Institute of Electrical and Electronic Engineers
Photo Voltaic

Public Utilities Commission

Residual Current Device

Surge Protective Device

Standard Test Conditions

Voltage
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List of Definitions

Class Il Equipment: equipment which does not include a means for connection
to an Earth Conductor, and which provides supplementary insulation in addition
to the basic insulation of the equipment such that a breakdown of the basic
insulation will not present a dangerous Volage on ExposedConductive-Parts
(also known as Double Insulated Equipment).

Connection Point (CP): the point which defines the boundary between the

I x1 AO6O %l AAOOEAAT )1 OOAI 1 AOCEIT ETOOAITTA
equipment owned by the Distribution Company.

Customer: any person, corporate body, or company who has an agreement with

a Distribution Company for the supply of electricity.

Distribution Company: a company or body holding a distribution licence,
granted by the PUCSL.

Earthing or Earthed: a general term used to describe the connection of
conductive parts of an Electrical Installation or an appliance to earth.

Electrical Installation: an Electrical Installation comprises any fixed or
temporary cable, switchgear or other electrical quipment or apparatus within a
Premises or other place where there is an electricity supply (including outdoor
locations). Fixed or portable electrical appliances are not considered part of the
Electrical Installation.

Electrical Installation Certificate: a certificate in accordance with the

Electricity Wiring Regulations used by the Licensed Contractor after completion
of work on an Electrical Installation and provided to the Customer or Owner of
the Premises.

Low Voltage (LV): an a.c. voltage between 1000 between phases, or below
600V between any phase and earth or; a d.c. voltage below 1500V between
conductors, or below 900V between any conductor to earth.

Main Distribution Board (MDB): the Distribution Board which accepts the main

Z L A N £ A N A 2 owooA

incoming LV supplyfrd OEA $EOOOEAOQOOEITT #1iBPATU 10O |/

Owner: the legal owner of the Premises in which an Electrical Installation is
installed.

a.c. side: part of a PV installation from the a.c. terminals of the PV Inverter to the
point of connection of the P\supply cable to the Electrical Installation;

Array : mechanically and electrically integrated assembly of PV Modules, and
other necessary components, to form a d.c. power supply unit;

Array Junction Box: enclosure where PV Strings of any PV Array are elecglly
connected and where devices can be located,;
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Array Cable: output cable of a PV array;

Cell: basic PV device which can generate electricity when exposed to light such as
solar radiation.

d.c. side: part of a PV installation from a PV cell to the d.terminals of the PV
Inverter,

Qualified Person : One who has skills and knowledge related to the construction
and operation of theSolar PVelectrical equipment andelectrical installations and
has received safety training to recognizand avoid thehazards involved.
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1

INTRODUCTION

1.1 Scope & Purpose

The scope of this guideline is to provide solar PV system designers and installers

with information to ensure that a grid-connected PV system meets current standards

and best practice recommendationsThis provides information for the installation of

solar PV system including R panels, inverters and corresponding electrical system

on roof of an existing structure. However, this guiceline does not cover the

equipment standard.

The directions provided heren shall be followed by the all the solar PV system

installers in Sri Lanka.

111 Applicable Standards and Regulations

IEC 60364, 1st Ed.
(2002-05)

Electrical installations of buildingsz Part 7-712:
Requirements for special installations or locationg
PV power supply systems

Electrical installations of buildingsz Part 7-712:
Requirements for special installations or locationg
Solar photovoltaic (PV) power supply systems

IEC 61727, 2nd Ed.
(2004)

Photovoltaic (PV) systems Characteristics of the
utility interface

IEC 62116, 2nd Ed.
(2014-02),

Utility -interconnected photovoltaic invertersz Test
procedure for islanding prevention measures

IEC 621091, 1st Ed.

(2010-04),

Safety of power converters for use in photovoltaic
power systemsz Part 1: General requirements

IEC 621092, 1st Ed.

Safety of power converters for use in photovoltaic

(2011-06), power systemsz Part 2: Particular requirements for
inverters

IEC 617301 Photovoltaic (PV) module safety qualificatiory Part
1: Requirements for construction.

IEC 61557 Electrical safety in low voltage distribution systems

up to 1000 V AC and 1500 V DLEquipment for
testing, measuring or monitoring of protective
measures
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IEC/TR 60755

General requirements for residual current operated
protective devices

IEC 62423 Type F and type B residuaturrent operated circuit-
breakers with and without integral overcurrent
protection for household and similar uses

IEC 60947 Low-voltage switchgear and controlgear

IEC 62305 Protection against lightning

(2009-05),

IEC 62446, 1st Ed.

O' @Bnlected photovoltaic systems z Minimum
requirements for system documentation,
commissioning tests and inspection

IEEE 519 (2014),

Recommended practice and requirements fo
harmonic control in electric power systems

IEC 61000

Electromagnetic Compatibility

BS 76717 18th Ed
(2018)

Section 712z Solar Photovoltaic (PV) power supply
systems
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1.2 Safety

1.2.1 Introduction
The solar PV system provider shall carefully evaluate the potential hazards and

systematically devise methods to minimise the risks. The servicprovider shall
consider both mitigating potential hazards present during and after the installation

phase.

The service provider shall be aware of the fact that the supply from PV modules
cannot be switched off. Thusspecial precautions should be made toresure that live
parts are either not accessible or cannot be touched during installation, use and
maintenance. Since the PV modules are currefimiting devices, a nonstandard
approach shall be required when designing fault protection systems, as fusesarot

likely to operate under short-circuit conditions.

PV systems include d.c. ining, generally competency ofelectrical installers in d.c.
systems are lower.Other important point is that the installation of PV systems
presents a unique combination of hzardsz due to risk of electricshock, falling and
simultaneous manual handling difficulty. All of these hazards are encounteregk a
matter of course on a building site, but rarely all at once. While roofers may be
accustomedto minimising risks of falling or injury due to manual handling problems,
they may not be used talealing with the risk of electric shock. Similarly, electricians
would be familiar with electric shock hazards but not with handling large objects at

heights.

The PV service provider shk thoroughly study the potential risk and prepare a
detailed mitigation plan. The developed risk mitigation plan shall be strictly followed
by all the personal involved in system design, installation and operation and

maintenance.

It is then important to ensure that the longterm safety of the system is not
compromised by a poor installation or subsequent poor maintenance. Much of this

comes down to the quality of the installation and system inspection and testing.

Therefore, to ensure the safety of solaPV systems, all involved parties should

ensure the following:
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a) Selection of the correct system components that conform to the appropriate
international standards as required by theElectricity Wiring Regulations (i.e.
Modules, Inverters, cablesgonnectors junction boxes, isolators etc.);

b) Correct installation of the solar PV system; and

c) Correct operation and maintenance of the solar PV system.

i1 EAU OAZEAOU EOOOAO AAAAOEI ¢ OEA AAOECI
including following typical issues;

T4EA OOPDPI U £OIT i 06 11T AOIAOG AATTT O AA Ox
should be made to ensure that live parts are either not accessible or cannot be
touched during installation, use and maintenance.

TPV modules are curretlimiting devices, which require a non-standard
approach when designing fault protection systems, as fuses are not likely to
operate under shortcircuit conditions.

1 PV systems include d.c. wiring, with which few electrical installers are familiar.

1 The installation of PV systems gsents a unique combination of hazardg due
to risk of electric shock, falling and simultaneous manual handling difficulty. All
of these hazards are encountered as a matter of course on a building site, but
rarely all at once. While roofers may be accusined to minimising risks of falling
or injury due to manual handling problems, they may not be used to dealing with
the risk of electric shock. Similarly, electricians would be familiar with electric

shock hazards but not with handling large objects at hghts.

1.2.2 Main Hazards
The following is a summary of some of the main hazards that may be encountered

during the construction, operation and maintenance of a Solar PV System:

ay06 -1 AOI A0 DOI AOGAA Al AAOOEAEOU AOOEIT ¢ A
Therefore, itis expected that during installation work, installers will be working
on live panels and a risk of direct or indirect contact with electricity will be high.
Measures should be taken to inform installers of such risks and use of proper
insulating materials (e.g. gloves, insulated shoes, proper harness etc.) to minimise

the risk of electric shock.
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b) PV Modules are current limiting devices with the short circuit current being not
much higher than the operating current which in turn may not be detected by the
overcurrent protection used; as such minor faults may remain undetected for a
long period of time which can develop into a fire hazard.

c) PV Modules are typically installed on roofs, which in the case of a high wind may
ET ACAAOA OEA OE O kch/th& méubtifd sGuctirdioldilg@héBy | O O
Modules should take into consideration such risks during the design and
installation phases.

d) The majority of Solar PV systems would be installed at premises roof tops, the
risk of falling becomes very high, as sicmeasures should be taken to reduce
OOAE OEOEO AU OOEiI ¢ OEA ADPPOIi DOEAOA OAAd
lifting procedures, and suitable labelling and warning signs.

e) Electric shock from PV Modules, cables, combiner boxes, and termination pisin
As indicated above Modules will produce electricity when subjected to sunlight,
as such measures should be taken to eliminate the risk of exposed/damaged

wires, cables and connections.

1.2.3 Structural Safety
To ensure safety, there are measures and stepsathneed to be taken or considered

when installing a solar PV system onto a new or an existing building. The design of
the structure must take into consideration the loading of the solar PV system
installation, just like any other equipment mounted onto a hilding structure, all

relevant building codes and safety codes.

For existing buildings, a professional competent structural engineer or consultant
may be required for calculation of the structural loading. Check if the roof is able to
withstand the loading of the solar PV system before commencement of installation

works

The design of a solar PV system mounting structure should allow for thermal
expansion and contraction (e.g. thermal breaks and gaps). This is particularly

important for large mounting structures.

The design and installation of a solar PV system should take into consideration the
rain water drainage from the roof top, this is to avoid creation of any pools of water

on the roof during heavy rain fall.Also, the location of rain fall drainage &ould be

5
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considered in relation to the location of the modules to avoid overloading the

drainage system during heavy rain fall.

Safe access to the mounting structure should be considered during the design of a
solar PV system, this is particularly importam for future access for maintenance,

testing, troubleshooting and emergency purposes.

The solar PV system should be designed and installed taking intonsideration the

maximum expected wind speed encountered ithe area.

1.2.4 Fire Prevention Consideration
The most likely cause of a fire on a grid connected solar PV system is the

development of a d.c. arc as a result of poor connections (module connectors,
combiner boxes) creating high resistance junctions or faulty d.c. disconnector

switches or damaged cablesasulting in a short circuit.

The design and installation of solar PV system should aim to minimise the risk of the
system being the source of fire and minimise the risk to occupants or emergency

services. The following are some measures for consideration:

a) Specifying and installing the proper d.c. overcurrent protection.

b) Properly securing d.c. cables in containments.

c) Use of enclosures made from insulating materials with se#xtinguishing
properties.

d) Ensuring the correct ratings are used for the d.c. cablespmbiner boxes and
switch disconnectors etc.

e) Ensuring all connections are tightened and torqued in accordance with
manufacturer specifications.

f) Ensuring that used inverters have a builtin d.c. arc detection capabilities,
otherwise standalone detectors sbuld be considered.

g) Ensuring that double insulation is used throughout the d.c. circuit to greatly
minimise the risk of parallel arcs between conductors, or via an earth path.

h) Minimise as much as possible the length of the d.c. cables from theerters and

avoid installing d.c. cables in walls or hidden in the building structure.
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2 SOLAR PV D.C SYSTEM DESIGN

2.1 Design of d.c System

d.c system of a solar PV system shall includé.c cables, isolators / disconnectors,
surge protective devices switches, connectors etc. Allc component ratings of the
system shall be derived from the maximum voltage and current of the relevant part
of the PV array adjusted in accordance with the safetyactors. The system
voltage/currents of the series/parallel connected modules making up the array and
maximum output of the individual modules shall be taken into account when

calculating the component ratings.

The rating of all d.c. components of Sol&V system must be ratedh consideration of
the highest d.c. voltage and highest d.c. curretite circuit will be subject to. This will
include but not limited to all cables, switch disconnectors, and connectors used on

the d.c. sideof the Solar PV System

An assessment of the highest d.c. voltage and highest d.c. current need to be made
based on the PV Modules Ope@ircuit-Voltage (Voc) and ShorCircuit-Current (Isc).
These information are typically provided by the PV Module manufacturer under
standard test conditions (STC).

Standard test conditions (STC) refer to the following testing conditions:

a) Irradiance of 1000 W/mz;
b) 25°C cell temperature; and

C) Air mass of 1.5

The temperature rise due to solar gain must be calculated for the relevant equipment
(typically 10°C above ambient temperature), and this will have an impact on the
output voltage and output current of PV Modules. Therefore, it is critical perform
system design calculation taking into consideration the minimum/maximum

temperatures that can occurwhere the system is being installed. Typically, module
manufactures provide the required technical data sheets that will include

temperature coefficients for Vb and Isc respectively and may include other
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information on the operation of modules during the first week of exposure to

sunlight these must be taken into consideration

The DC components shall be rated for following minimum voltage and current when
operating with Mono or Poly Crystalline modules. For other PV module types, the

ratings shall be calclated case by case basis.

Voltage 1.15 Vo

Current 1.25 Isc

In a general system, PV array and string voltages exceed 120 V. Such DC voltage will
exceed levels that are considered to reduce the risk to a minimum. Thusouble
insulation shall beapplied as the method of shock protection. In this instance the use
of suitably rated cables, connectors and enclosures along with controlled installation
techniques becomes fundamentally important to providing this protective measure

as defined in BS 76741 Section 412. Similarly, double insulation of the d.c. circuit
greatly minimizes the risk of creating accidental shock current paths and the risk of
fire.

Therefore, Double insulation (insulation comprising both basic & supplementary
insulation) or reinforced insulation, appropriate barriers and separation of parts
must be applied to all parts of the d.c. circuit to facilitate a level of protection
ANOGEOGAT AT O 061 OEA DPOI OAAGEOA 1 AAOOOA OAT OA
BS 7671 Section 412.
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2.2 d.cCable System

To minimize the risk of faults, PV d.c. cable runs should be kept as short as
practicable. 00 6 AAA1I AO6 xEEAE AOA OPAAEAI 1T U AAOGE
readily available and those cable shall be used for the installations. Thaentioned

cable type is designed to withstand the extremes of the environmental, voltage and

current conditions, under which they may be expected to operate. This will include

heating effects of both the current and solar gain, especially where installed close

proximity to the PV modules.

The installer shall use following type of cables or cable installations for DC system

p]

1. 3ET CI A AT T AOAOI O OAT ahich Aomphids Onith ARTA A 6
62930:2017,

2. Single conductor cable suitably mechanically protected conduit/trunking.
Alternatively, a single core Steel Wire Armoured cable shall be considered as a
mechanically robust solution

3. Multi core Steel Wire Armoured cablesTypically, only suitable for main DC
cable between a PV array junction box and inverter position, due to

termination difficulties .

PV array cables exclusively rely on double or reinforced insulation as their means of
shock protection. Therefore DC cables shall not be buried in walls or berwise
hidden in the building structure as mechanical damage would be very difficult to

detect and may lead to increase instances of shock and fire risk.

In a situation where this cannot be avoided conductors should be suitably protected
from mechanical camage, suitable methods may include the use of metallic trunking

or conduit or the use of steel wire armoured cable in accordance with BS 7671.

Where multiple PV subarrays and or string conductors enter a junction box they
should be grouped or identifiedin pairs so that positive and negative conductors of

the same circuit may easily be clearly distinguished from other pairs.

Cable that are suitable for permanent outdoor use shall either have a black sitle in
accordance with SLS 1282r be suitable proteded and tested by the manufacturer

against exposure to UV.
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2.3 d.cCable Sizing

Cables should be sized in accordance with BS 7671. Guidance on a method of cable
sizing including any derating factor requiring to be applied and typical current

carrying capacities for common cable types are provided in Appendix 4 of BS 7671.

Cables should be designed such that the overall voltage drop, at array

maximum operating power (STC), between the array and the inverter is <3%.

The d.c system main components are shown Figure 2-1.

String String
cables cables
., BEEE SEEE SSEE SSRE SRS
‘L _____________ o et aeee
—cstt-snee-aase-neee-aase—t
N strings oot aaee 00 E el aeaee
(connected - L ¢
in parallel) o o i L
P (Y (N (Y (™ () (O O — (O (O —
‘t oot et et oot =eee J(
 —— SEae-Geen-Sten-Senn-Seee——
|
Main d.c.
Cables M modules per string

(connected in series)

Figure 2-1: d.c system main components (For a system of N parallel connected

strings, with each formed of M series connected modules)

In a PV array formed from a number of strings, fault conditions can give rise to fault
AOOOAT 0O KI parsiofGhe Q& $yemETwWo key problems need addressing
Z overloaded string cables and excessive module reverse currents, both of which can

present a considerable fire risk.

For small systems where it is determined that string fuses are not required ffo
module protection (maximum reverse currents less than module reverse current
rating), a common approach is to ensure that the string cables are suitably rated

such that they may safely carry the maximum possible fault current.

10
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2.3.1 Sizing of Main d.c. Cable
The main d.c. cables must be rated as a minimum as follows:

Voltage> Vo(STC) x M x 1.15
Current > Is(STC) x N x 1.25

The cable Current Carrying Capacity (Iz) must be calculated according to the
requirements of BS 7671to include cable deating factors © take into account

factors such as cable installation method and grouping etc.

2.3.2 Sizing of String Cables
The string cables must be rated as a minimum as follows:

Voltage> \4(STC) x M x 1.15
Current> Is{STC) x (N1) x 1.25

The cable Current Carrying Capd#y (Iz) must be calculated according to the
requirements of BS 7671 to include cable deating factors to take into account

factors such as cable installation method solar gains and grouping etc.

Where a system includes string fuses, the cable size magdeced, but in all cases the
I, after de-rating factors have been applied must exceed the string fuse rating and must
exceed thesfSTC) x 1.25.

2.4 Locations of Protective Devices

Protection devices shall be placed as follows:

a) For string overcurrent protection zwhere the string cables join the sukarray
or array cables in the string combiner box (refer to Figure 2 and 2-6).

b) For sub-array overcurrent protection zwhere the subarray cables join the
array cables in the array combiner box (refer to Figte 2-5).

c) For array overcurrent protection zwhere the array cables join the application

circuit or the inverter (refer to Figure 2-2 and 25).

11
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In LV arrays, overcurrent protective devices, where required, shall be placed in all

current carrying conductors not directly connected to earth.
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-arrays
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i This is a spocial casc and the designm is only possible where the overcursrent prolection rating of a2 PV
module is muach larger than its normal oporating current.

2

This is only an example and other swilching, disconnectling andfor overcurreat protection devices may be

required in individual cases, but for simplicity are not shawn in this fgurc.

Figure 2-1Figure 2-6: PV array diagram where strings are grouped under one
overcurrent protection device per group

2.5 DC plug and Socket Connectors

PV specific plug and socket connectors are commonly fitted to module cables by the
manufacturer. Such connectors provide a securejurable and effective electrical

contact. They also simplify and increase the safety of installation works.

Plugs and socket connectors mated together in a PV system shall be of the same type
from the same manufacturer and shall comply with the requiremets of BS EN

50521. Different brands may only be interconnected where a test report has been
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provided confirming compatibility of the two types to the requirements of BS EN
50521.

Connectors readily accessible to ordinary persons shall be of the lockingps,

requiring a tool or two separate actions to separate and shall have sign attached that
OAAAOY Os$iT 110 AEOCATTTAAO $# DI OCO AT A O 7
not be used as the means for DC switching or isolation under load since arcing can

cause permanent damage to some connector€able junctions shall either be by an

approved plug and socket connector or contained within a DC Junction Box. Other

types of inline cable junctions shall not be employed.

Figure 2-7 : DC Connector

2.6 String Junction Boxes

If there is more thantwo string in the system, a DC junction box (sometimes called a
combiner box) shall be used as the point at which they are connected together in

parallel. The box may also contain string fuses drtest points.

It is to be noted that PV system cannot be turned off. The terminals will remain live
at all times during daylight hours the installer shall ensure that anyone opening an
enclosure is fully aware of this fact. The sho#tircuit protection afforded by the cable

installation throughout the rest of the d.c. circuit shall be maintained in the

construction and makeup of the d.c. junction box.

In order to provide the short circuit protection, enclosure of the junction box shall be

fabricated from non-conductive material. Positive and negative busbars and

16
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terminals shall be adequately separated and segregated within the enclosure.
Segregation shall be achieved by a suitably sized insulating plate. Further the Cable
and terminal layout shall bedesigned such that shorcircuits during installation and
subsequent maintenance are extremely unlikely.

When mounting junction boxes, it is recommended to mount them so that the access

to the junction box is made on the side of the junction box and not anside facing

up.
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3 PV INSTALLATION PROTECTION

3.1 d.cOvercurrent Protection

The short circuit current of a module is little more than the operating current, so in a
single string system, a circuit fuse would simply not detect or operate to clear a short

circuit fault.

In systems with multiple strings some fault scenarios can result in the current from
OAOAOAT AAEAAAT O OOOET ¢CO KixET ¢ OEOI OCE
current may be such that overcurrent protective devices are required.

Therefore, PV system shall be protected from overcurrent from the PV modules by
means of fuses at the string combiner box. Since PV modules are connected in series
in a string, the shortcircuit current of the string is equal to the short circuit current

of the PV module. Both the positive terminal and negative terminal of a string shall

be protected with a fue. The fuses shall be rated for minimuri,000 VDC.

For a system of N parallel connected strings, the maximum module reverse current

(Ir) to beexperienced under fault conditions is:
IR: (NZl) X Isc

Hence, overcurrent protection is required where (Nz 1) x Iscis greater than the

module maximum series fuse rating.

In order to provide full protection of all cables and modules, string fuses arequired

in both the positive and negative legs of the string cabling.

The following requirements apply where the PV array provides the only source of

fault current, such as in a typical grid connected system with no battery.

For a system of N parallel conected strings, with each formed of M series connected

modules:

1 String fuses must be provided for all arrays where: (Nt 1) x Ilse> module
maximum series fuse rating
1 Where fitted, fuses must be installed in both positive and negatvstring cables

for all strings,
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9 The string fuse must be of a type gPV, according to IEC60269
1 The string fuse must be rated for operation at 3STC) x M x 1.15

1 The string fuse must be selected with an operating current kuch that:

In>1.5Xx k(STC)
IS ¢ &STA )

InSMaximum series fuse value

3.2 d.c. Isolation and Switching

)y O 1 AGETT EO A £O01 AOGETT ET OATAAA O1 AOO
a discrete section, of the installation by separating the installation or section from
every source ofelectrical energy (from BS 7671). Isolation shall be provided in both

positive and negative cables and all isolation measures shall be readily accessible

The following table describes the requirements for both isolation and switching in

the d.c. side oflte PV array circuit:

d.c. Circuit Switching Isolation
String Not required Readily accessible means of strin
isolation
Sub array Optional Readily accessible means of sub arra
isolation
Array Readily accessible load break switch disconnector on d.
side of inverter

Note: An additional d.c. switch or isolating device may be used for systems with long
d.c. cable runs (typically at the point of cable entry into the building}o as to provide

a means of isolating the cable for safety reasons praintenance works
A switch disconnector installed on the d.c. side shall have the following features:

1 The switch must isolate all live conductors (typically double pole to isolate PV
array positive andnegative conductors)
1 The switch must be rated for d.c operation at the system voltage maximum as

calculated
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l

The switch must be rated for d.c. operation at the system current maximum as
calculated

4EARA OxEOAE 1| OO®V &rAy dicAshlaiord A A x BOE OOEA /.
positions clearly marked. Switchenclosures should also be labelled witd$ AT -CA O
AT T OAET O 1 EOA DAOQAIDIabdOMUEtTbE clelrA éhsilfE Gsibld,6
constructed and affixed to last and remain legible for as long as the enclosure.

Shall comply with the requirements of IEC 6087 (series).

Have a utilization category at least DQ1B of IEC 609473.

Voltage ratings of both poles together of the isolator/switch disconnector shall be

at least the PV array maximum voltage.

All equipment exposed to the outdoor environment shall be of an appropriate IP
rating in accordance with SLS 963 and shall be UV resistant.

The roof mounted isolator shall be mounted such that the switch is in a sideways

position (see Figures 31).

Figure 3-1: Recommended Roof Mounted Isolator mounting arrangement

NOTE
Ensure that the switch does not shade the array.

NOTE: A circuit breaker may also be used provideahéets all the above requirements.

Array Switch Disconnector shall be a readilyaccessible load break switch
disconnector on d.c. side of the inverter. This array switch disconnector shall be a

physically separated switchdisconnector mounted adjacent to the inverter.

For inverters with an integrated switch-disconnector: a separate switch-
disconnector is not required at the inverter if the switchdisconnector is

mechanically interlocked.
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3.3 a.c. System

Each solar PV system connected to the Distribution network must be designed,
installed and tested to be compatible with distribution network performance
requirements with respect to frequency, voltage, control capabilities, protection

coordination requirements, and phase voltage unbalance.

The PV system inverter(s) should be installed on a dedicated final circuit to the

requirements of BS 7671 in which:

1 No current-using equipment is connected to the circuit, and
1 No provision is made for the connection of currenusing equipment, and

1 No socketoutlets are permitted.

Note: For the purposes of this guide a dalagger is not considerecturrent-using

equipment and can be connected into the same final circuit as the PV system.

An inverter must not be connected by means of a plug with contacts which may be
live when exposed and a.c. cables are to be specified and installed in accordancé wit
BS 7671.

The a.c. cable connecting the inverter(s) to the consumer unit should be sized to
minimise voltage drop less than 3%. X% drop or less is recommended. However, in
larger installations this may not be practicable or economic due to the very lasgee

of cable resulting. In this case the designer should minimise voltage drop as far as

possible but not exceeding maximum voltage drop of 3%
Note: The recommendation for a 1% voltage drop is due to two reasons:

1 when generating, the voltage at the inverter terminals is higher than the
Ol 1 OACA AO OEA OOPPI EAOGO AOO 10600h AOO
voltage drop must be kept to a minimum in order to prevent the inverter
nuisance tripping on over voltage;

1 the requirement ensures losses from the PV system are minimised.
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3.3.1 RCD Protection

Where an electrical installation includes a PV power supply system that cannot
prevent d.c. fault currents from entering the a.c. side of the installation, and where an
RCDis needed to satisfy the general requirements of the electrical installation in
accordance with BS 7671, then theelected RCD should be a Type B RCCB as
defined in IEC 62423 .

If the inverter manufacturer has provided written statement claiming that a TypeB
RCCBas defined in IEC 62423 is integrated into the inverter, shall be exempted from
having additional Type B RCCB in the installation.

If the inverter manufacturer has provided written confirmation that no smooth d.c.
residual current can occur as a reult of the use of his PV inverter, a Type A RCCB

may also be sufficient.

3.3.2 a.c. Isolation and Switching

Isolation and Switching of the a.c. side of the installation shall also comply with the
requirements of BS 7671. This is to include the provision of an isolator adjacent to

the inverter to disconnect the inverter from the source of supply (AC).

The PV sygem shall be connected to an isolation switch that fulfils the following

conditions:

1 Isolate phase(s) and neutral conductors
1 Be securable in the OFF position

1 Located in an accessible location

This switch shall clearly show the ON and OFF positions and beA AAT IPXKA AO

system z main a.c. isolatoro
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3.3.3 a.c. Cable Protection

Protection for the cable from the inverter(s) must be provided at the distribution
board. This protective measure shall be specified and installed in accordance with

the requirements of BS7671.

In very many cases the current limiting nature of the PV array and inverter(s) omits

the requirements for overload protection and therefore the designer only need to
consider fault current protection.

AEA DOT OAAOEI T A&l OAAAut Atte di€ribdtion Ibaak)CiIET T A&
accordance with BS 7671, means there is no requirement for additional overcurrent

protection to be installed at the inverter end of the a.c. installation

3.4 Earthing, Equipotential Bonding , Surgeand Lightning Protection
3.4.1 System Earthing and Equipotential Bonding

Earthing shall be required forall exposed conductive parts PV module frames, array
structures, power, communication and protetive equipment and enclosuresfor
protection. Earthing systems of AC side and DC side shiadl connected at the earth
electrode. It is to be noted that d.c system is considered to be energized even when

the system is disconnected from the grid side.

All the frames in a raw shall be connected to one continuous earthing conductor
when earthing PVmodules. Bare copper conductor or copper tape shall be used for
this purpose as shown in Figure 31. Use of small pieces of jumper cables to connect
frames of consecutive modules shall be avoided. A separate continuous earthing
conductor shall be laid to onnect the individual earth cables of each raw and that
shall be connected to grounding conductor. Further, statype washers shall be
recommended when bolting the lugs of earthing cable with the module frame that

can scratch the anodization of the modul&ame to make contact with its aluminium.
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Continuous earthing conducto;:'

Figure 3-1: Earthing of PV Modules

The earthing conductor shall be rated considering safety factor of 25 % and albedo
factor of 25 % to protect from any unaccounted externafeflection onto the PV
modules increasing its current. Thusthe conductor shall be rated for 1.56 times the
maximum short circuit current of the PV array. However, bare copper earthing
conductor size shall not be less than 6mf Resistance between any point of the PV
system and earth should be as smaller as possible and it is recommended to have a
value lessthantom AO AT U OEIi A8

Equipotential bonding is a protective measure used where the connection of
Extraneous Conductive-Parts within Premises using designated conductors such that
potential touch voltages are kept to safe value during the passage of earth fault

current.

The first safeguard to put in place is a medium that ensures equipotential bonding
between all the exposd conductive parts of a PV installation. The aim is to bond all
grounded conductors and metal parts and so create equal potential at all points in

the installed systemis shown in Figure 32.

A connection to earth of any of the current carrying d.c. condtars is not
recommended. However, earthing of one of the live conductors of the d.c. side is

permitted, if there is at least simple separation between the a.c. and the d.c. side.
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Where a functional earth is required, it is preferable that where possible th be done
through high impedance (rather than directly). ThePV installation designer of must
confirm whether the inverter is suitable for earthing of a d.c. conductor.
Transformerless inverters will not be suitable, and an earthed conductor may
interfere x EOE  OEA E FHrOdcOisdlaiidn Ghonfodrigy ] Hence, if an earthed
d.c. conductor is required,t should bedone in accordance with guidance from the

inverter manufacturer.
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Figure 3-2: Earthing of Solar PV System

Connection components of Lighting Protection and Earthing

Connection components, or often simply called clamps, are used as lightning
protection components to connect conductors (down conductorair-termination

conductor, earth entry) to each other or to an installationDependingon the type of
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clamp and clamp material, a lot of differentlamp combinations are possibleBelow

Table shows materials which maybe combined without causing contact corrosion.

Steel Aluminium Copper Stainless Titanium Tin
Steel

Steel Yes Yes NO Yes Yes Yes
Aluminium Yes Yes NO Yes Yes Yes
Copper NO NO Yes Yes NO Yes
Stainless Yes Yes Yes Yes Yes Yes
Steel

Titanium Yes Yes NO Yes Yes Yes
Tin Yes Yes Yes Yes Yes Yes

3.4.2 Surge Protection

Overvoltage may occur in electrical installations for variousreasons. It may be

caused by:

The distribution network as a result of lightning or any work carried out.
Lightning strikes (nearby or on buildings and PV installations, or on lightning
conductors).

1 Variations in the electricalfield due to lightning.

Like all outdoor structures, PV installations are exposed to the risk of lightning which
varies from region to region. Preventive and arrest systems and devices should be in
place. SPDs are particularly important to protect sensitive electrical equipment like
AC/DC Inverter, monitoring devices and PV modules, but also other sensitive

equipment powered by the 230 VAC electrical distribution network.

The requirement of surge protection is evaluated by the risk assessment as per the
IEC 623052.
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DC side of thenverter shall be protected with surge protective device (SPD) of IEC
61643-p 4UDPA ¢ AQAT 8 OOCROO0OT OAAOEOA $AOEAAOGS
The following method of simplified risk assessment, which is based on the evaluation

of the critical length Lerie and its comparisan with L, the cumulative length of the d.c.

lines shall be used to select d.c surge protective devices.

Type of | Individual Terrestrial Service/Industrial/
Installation residential production plant Agricultural/
premises Buildings
Lcrit (|n m) 115/N g 200/N g 450/N g
v et Surge prospective device(s) compulsory on d.c. side
L< Lerit Surge prospective device(s) not compulsory on d.c. side
Where,

Ng is lightning density (hnumber of strikes/km?/year)

L is the sum of the sum of distances between thaverter(s) and the junction
box(es), taking into account that the lengths of cable located in the same conduit
are counted only once, and the sum of distances between the junction box and the
connection points of the photovoltaic modules forming the strig, taking into
account that the lengths of cable located in the same conduit are counted only

once.
Ng can be estimated as j0.047Y%

Where Tq is the number of thunder days per year (Isokerunic Level) which

IS given in Annex A.

If the inverter is equipped with an in-built d.c.surge arrestor, additional SPDnay
not be required for the inverter d.c. end The SPD shall be rated to a minimum
continuous operating voltage (Ucpy) Of 1.25 times the open-circuit voltage, Voc

(STC)of the PV string,maximum protective voltage () of 1.5 kVand aminimum
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flash current of Iimp=5 kA for Class | (Class B) and#40 kA for Class Il (Class C)
The SPD shall protect both the positive and negative terminals of the systeas

shown in Figure3-1.

r-—--—- - - - - - - - L
= |

| .
str|r:lg 1 — DC+!
o — J
| string 10 |
—— |
I I
| =
= = |
| stri I
| stnr;gI DC_I
| string 10 |
= |
Lo .|

generator junction box (GJB)

Figure 3-1: : d.c. SPD connection

The number and location of SPDs on the DC side depend on the length of the
cables between the solar panels and inverter. The SPD should be instaliedhe
vicinity of the inverter if the length is less than 10 metres. If it is greatethan 10
metres, a second SDP is necessary and should be located in the doge to the

solar panel, the irst one is located in the inverter area.

It is recommended that a specialist entityin lightning protection be consulted to
determine the appropriateness of installing a surge protectionand Lightning

Protection system. Simplified selection guide is given below;
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Module's chassis

Limit of equipotentiality of any conducting portion of the building

Inverter

MSB (Main
Switch Board)

Figure 3-2: Recommended SPcations of PV installation

Lightning rod

Location PV Module or Array Inverter  [Inverter AC Side Main DB
DC Side
Criteria Loc <10 mjLpc>10 m Lac<10 m Lac >10
and Uy,< 0.8 m
Uw
No No need Class I Class I No need |Class ll|Class | ol
Class I
v |Yeszlsolated/ | No need Class I Class I No need |Classll| Class |
Q. \with sufficient
T [separation
g YeszNon Class | Class | Class | |Class Ilexcept| Class || Class |
5 Isolated/ with inverter is
sufficient located
separation inside the
main DB

For more details, please refer IEC 616432: Surge protective devices connected to

the d.c. side of photovoltaic installationg Selection and application principles.

Connections of aSPD to the loads should be as short as possible in order to reduce

the value of the voltage protection level (installed k) on the terminals of the

protected equipment. The total length of SPD connections to the network and the

earth terminal block shouldnot exceed 50 cm as shown in Figuré-3 .
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circuit-breaker
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L=L1+L2+L3=<50cm

load to be

SPD Up|  protected

> |—p

L3 U2

Figure 3-3 : Connections of a SPD L <50 cm

3.4.3 Direct Lightning Protection System

PV systems shall be equipped with a dedicated lightning protection systeas per
IEC 62305, which includes air terminal down conductor and earthtermination. For
this, the existing lightning protection of a building shall be used, provided it
adequately protects the installation area and is assured of functioning throughout
the life of the PV system.

A certain separation distance s must be maintained between a lightning protection
system and a PV system as per IEC 623B5(EN 623053). It defines the distance
OANOGEOAA OiI AOTEA OTATTOOTITIAA KAOBROAO OI
lightning strike to the external lightning protection system.

To prevent direct lightning strikes to the electrical systems ofa PV power plant,

these systems must be located in the protected volume of a@ermination systems.
Positioning of air terminal system shall be done as per IEC 623G5(EN 62305-3).

The distance between the solar generator and the external lightning protection

system is absolutely essential to prevent excessive shading. Diffuse shadows cast do

not significantly affect the PV sgtem and the yield. However, in case of core
shadows, a dark clearly outlined shadow is cast on the surface behind an object,
AEAT CET C OEA AOOOAT O KixEIC OEOI OCE OEA 06
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OEA AOOI AEAOAA AUDAO@ncddby dbrd GhadovzOmdis dah i@ A A E

achieved by maintaining a sufficient distance.

The recommended distance between themodule and the airtermination rod

required to prevent core shadowss shown in below figure.

Figure 3-4: Distance between the moduleand the airtermination rod required to

prevent core shadows
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