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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 practices around the world. This 

document would 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 system.   
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List of Abbreviations  

 

a.c alternating current 

BS British Standard 

d.c.  direct current  

ER Engineers Recommendation 

I Current  

IEC International Electrotechnical Commission 

IEEE Institute of Electrical and Electronic Engineers 

PV Photo Voltaic 

PUCSL Public Utilities Commission 

RCD Residual Current Device 

SPD Surge Protective Device 

STC Standard Test Conditions 

V Voltage 
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List of Definitions  

Class II 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 Voltage on Exposed-Conductive-Parts 

(also known as Double Insulated Equipment). 

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

/×ÎÅÒȭÓ %ÌÅÃÔÒÉÃÁÌ )ÎÓÔÁÌÌÁÔÉÏÎ ÉÎÓÔÁÌÌÅÄ ÁÔ Á 0ÒÅÍÉÓÅÓ ÁÎÄ ÔÈÅ ÍÁÉÎ ÃÁÂÌÅ ÏÒ 

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 equipment 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 1000V 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 

incoming LV supply froÍ ÔÈÅ $ÉÓÔÒÉÂÕÔÉÏÎ #ÏÍÐÁÎÙ ÏÒ /×ÎÅÒȭÓ ÔÒÁÎÓÆÏÒÍÅÒȠ 

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 PV 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 electrically 

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.c. terminals of the PV 

Inverter;  

Qualified Person : One who has skills and knowledge related to the construction 

and operation of the Solar PV electrical equipment and electrical installations and 

has received safety training to recognize and avoid the hazards 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 recommendations. This provides information for the installation of 

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

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

equipment standard.  

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

installers in Sri Lanka. 

1.1.1 Applicable Standards  and Regulations  

IEC 60364, 1st Ed. 

(2002-05) 

Electrical installations of buildings ɀ Part 7-712: 

Requirements for special installations or locations ɀ 

PV power supply systems 

Electrical installations of buildings ɀ Part 7-712: 

Requirements for special installations or locations ɀ 

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 inverters ɀ Test 

procedure for islanding prevention measures 

IEC 62109-1, 1st Ed. 

(2010-04), 

Safety of power converters for use in photovoltaic 

power systems ɀ Part 1: General requirements 

IEC 62109-2, 1st Ed. 

(2011-06), 

Safety of power converters for use in photovoltaic 

power systems ɀ Part 2: Particular requirements for 

inverters 

IEC 61730-1 Photovoltaic (PV) module safety qualification ɀ Part 

1: Requirements for construction. 

IEC 61557 Electrical safety in low voltage distribution systems 

up to 1000 V AC and 1500 V DC ɀ Equipment 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 residual current 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 

IEC 62446, 1st Ed. 

(2009-05), 

Ȱ'ÒÉÄ-connected photovoltaic systems ɀ Minimum 

requirements for system documentation, 

commissioning tests and inspection 

IEEE 519 (2014),  Recommended practice and requirements for 

harmonic control in electric power systems 

IEC 61000 Electromagnetic Compatibility 

BS 7671 ɀ 18th Ed 

(2018) 

Section 712 ɀ 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 service provider 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. Thus, special precautions should be made to ensure that live 

parts are either not accessible or cannot be touched during installation, use and 

maintenance. Since the PV modules are current-limiting devices, a non-standard 

approach shall be required when designing fault protection systems, as fuses are not 

likely to operate under short-circuit conditions. 

PV systems include d.c. wiring, generally competency of electrical installers in d.c. 

systems are lower. Other important point is that the installation of PV systems 

presents a unique combination of hazards ɀ 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 

accustomed 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 

heights. 

The PV service provider shall 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 long-term 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 solar PV 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 the Electricity Wiring Regulations (i.e. 

Modules, Inverters, cables, connectors, junction boxes, isolators etc.); 

b) Correct installation of the solar PV system; and 

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

!ÌÌ ËÅÙ ÓÁÆÅÔÙ ÉÓÓÕÅÓ ÁǟÅÃÔÉÎÇ ÔÈÅ ÄÅÓÉÇÎ ÁÎÄ ÉÎÓÔÁÌÌÁÔÉÏÎ ÐÒÏÃÅÓÓ ÍÕÓÔ ÂÅ ÁÄÄÒÅÓÓÅÄ 

including following typical issues; 

¶ 4ÈÅ ÓÕÐÐÌÙ ÆÒÏÍ 06 ÍÏÄÕÌÅÓ ÃÁÎÎÏÔ ÂÅ Ó×ÉÔÃÈÅÄ Ïǟȟ ÓÏ ÓÐÅÃÉÁÌ ÐÒÅÃÁÕÔÉÏÎÓ 

should be made to ensure that live parts are either not accessible or cannot be 

touched during installation, use and maintenance. 

¶ PV modules are current-limiting devices, which require a non-standard 

approach when designing fault protection systems, as fuses are not likely to 

operate under short-circuit conditions. 

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

¶ The installation of PV systems presents a unique combination of hazards ɀ 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 accustomed 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 heights. 

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: 

a) 06 -ÏÄÕÌÅÓ ÐÒÏÄÕÃÅ ÅÌÅÃÔÒÉÃÉÔÙ ÄÕÒÉÎÇ ÄÁÙÌÉÇÈÔ ÁÎÄ ÃÁÎÎÏÔ ÂÅ ÔÕÒÎÅÄ ÏǟȢ 

Therefore, it is 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 

ÉÎÃÒÅÁÓÅ ÔÈÅ ÒÉÓË ÏÆ ǨÙÉÎÇ ÏÂÊÅÃÔÓȢ !Ó Óuch, the mounting structure holding the PV 

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 such measures should be taken to reduce 

ÓÕÃÈ ÒÉÓËÓ ÂÙ ÕÓÉÎÇ ÔÈÅ ÁÐÐÒÏÐÒÉÁÔÅ ÓÃÁǟÏÌÄÉÎÇȟ ÓÕÉÔÁÂÌÅ ÁÃÃÅÓÓ ÐÒÏÖÉÓÉÏÎÓȟ ÓÁÆÅ 

lifting procedures, and suitable labelling and warning signs. 

e) Electric shock from PV Modules, cables, combiner boxes, and termination points. 

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 steps that need 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 building 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 should be 
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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 important for future access for maintenance, 

testing, troubleshooting and emergency purposes. 

The solar PV system should be designed and installed taking into consideration the 

maximum expected wind speed encountered in the 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 cables resulting 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 self-extinguishing 

properties. 

d) Ensuring the correct ratings are used for the d.c. cables, combiner 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 built in d.c. arc detection capabilities, 

otherwise standalone detectors should 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 the inverters 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 include d.c cables, isolators / disconnectors, 

surge protective devices switches, connectors etc. All d.c 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 safety factors. 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 Solar PV system must be rated in consideration of 

the highest d.c. voltage and highest d.c. current the circuit will be subject to. This will 

include but not limited to all cables, switch disconnectors, and connectors used on 

the d.c. side of 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 Open-Circuit-Voltage (Voc) and Short-Circuit-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/m²; 

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 occur where the system is being installed. Typically, module 

manufactures provide the required technical data sheets that will include 

temperature coefficients for Voc 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 calculated case by case basis.  

Voltage 1.15 Voc  

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. Thus, double 

insulation shall be applied 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 7671- 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 reinfo rced insulation, appropriate barriers and separation of parts 

must be applied to all parts of the d.c. circuit to facilitate a level of protection 

ÅÑÕÉÖÁÌÅÎÔ ÔÏ ÔÈÅ ÐÒÏÔÅÃÔÉÖÅ ÍÅÁÓÕÒÅ ȰÄÏÕÂÌÅ ÏÒ ÒÅÉÎÆÏÒÃÅÄ ÉÎÓÕÌÁÔÉÏÎȱ ÁÓ ÄÅÆÉÎÅÄ ÉÎ 

BS 7671- Section 412. 
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2.2 d.c Cable System 

To minimize the risk of faults, PV d.c. cable runs should be kept as short as 

practicable. Ȱ06 ÃÁÂÌÅÓȱ ×ÈÉÃÈ ÁÒÅ ÓÐÅÃÉÁÌÌÙ ÄÅÓÉÇÎÅÄ ÆÏÒ ÓÏÌÁÒ 06 ÁÐÐÌÉÃÁÔÉÏÎÓ ÁÒÅ 

readily available and those cable shall be used for the installations. The mentioned 

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 in close 

proximity to the PV modules. 

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

1. 3ÉÎÇÌÅ ÃÏÎÄÕÃÔÏÒ ȰÄÏÕÂÌÅ ÉÎÓÕÌÁÔÅÄȱ ÃÁÂÌÅ which complies with IEC 

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 cables. Typically, 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 otherwise 

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 damage, 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 sub-arrays and or string conductors enter a junction box they 

should be grouped or identified in 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 sheath in 

accordance with SLS 1282 or be suitable protected and tested by the manufacturer 

against exposure to UV. 
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2.3 d.c Cable Sizing 

Cables should be sized in accordance with BS 7671. Guidance on a method of cable 

sizing including any de-rating 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 in Figure 2-1. 

 

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 

ÃÕÒÒÅÎÔÓ ǨÏ×ÉÎÇ ÔÈÏÕÇÈ parts of the d.c. system. Two key problems need addressing 

ɀ 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 for 

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. 
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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 > Voc(STC) x M x 1.15 

Current > Isc(STC) x N x 1.25 

The cable Current Carrying Capacity (Iz) must be calculated according to the 

requirements of BS 7671to include cable de-rating factors to 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> Voc(STC) x M x 1.15 

Current> Isc(STC) x (N-1) x 1.25 

The cable Current Carrying Capacity (Iz) must be calculated according to the 

requirements of BS 7671 to include cable de-rating 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 may be reduced, but in all cases the 

Iz after de-rating factors have been applied must exceed the string fuse rating and must 

exceed the Isc(STC) x 1.25.  

 

2.4 Locations of Protective Devices  

Protection devices shall be placed as follows: 

a) For string overcurrent protection ɀwhere the string cables join the sub-array 

or array cables in the string combiner box (refer to Figure 2-2 and 2-6). 

b) For sub-array overcurrent protection ɀwhere the sub-array cables join the 

array cables in the array combiner box (refer to Figure 2-5). 

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

circuit or the inverter (refer to Figure 2-2 and 2-5). 
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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. 

 
Figure 2-2: PV array diagram ɀ single string case  

 

 
Figure 2-3: PV array diagram ɀ multiple parallel string case  
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Figure 2-4: PV array diagram ɀ multiple parallel string case with array divided in to sub -arrays  
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Figure 2ɂ5:  PV array using a inverter with multiple MPPT d.c. inputs  
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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 secure, durable 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 requirements of BS EN 

50521. Different brands may only be interconnected where a test report has been 



 
 
Guideline on Rooftop Solar PV Installation in Sri Lanka  

 
16 

 
 
 

provided confirming compatibility of the two types to the requirements of BS EN 

50521.  

Connectors readily accessible to ordinary persons shall be of the locking type, 

requiring a tool or two separate actions to separate and shall have sign attached that 

ÒÅÁÄÓȡ Ȭ$Ï ÎÏÔ ÄÉÓÃÏÎÎÅÃÔ $# ÐÌÕÇÓ ÁÎÄ ÓÏÃËÅÔÓ ÕÎÄÅÒ ÌÏÁÄȭȢ #ÁÂÌÅ ÃÏÎÎÅÃÔÏÒÓ ÓÈÁÌÌ 

not be used as the means for DC switching or isolation under load since arcing can 

cause permanent damage to some connectors. Cable 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 than two 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 and test 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 short-circuit 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 bus bars and 
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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 be designed such that short-circuits 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 on a side facing 

up. 
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3 PV INSTALLATION PROTECTION 
3.1 d.c Overcurrent 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 

ÓÅÖÅÒÁÌ ÁÄÊÁÃÅÎÔ ÓÔÒÉÎÇÓ ǨÏ×ÉÎÇ ÔÈÒÏÕÇÈ Á ÓÉÎÇÌÅ ÓÔÒÉÎÇ ÁÎÄ ÔÈÅ ÐÒÏÓÐÅÃÔÉÖÅ ÆÁÕÌÔ 

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 short-circuit 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 fuse. The fuses shall be rated for minimum 1,000 VDC. 

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

(IR) to be experienced under fault conditions is: 

IR = (N ɀ 1) × Isc 

Hence, overcurrent protection is required where (N ɀ 1) × Isc is greater than the 

module maximum series fuse rating. 

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

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 connected strings, with each formed of M series connected 

modules: 

¶ String fuses must be provided for all arrays where: (N ɀ 1) × Isc> module 

maximum series fuse rating, 

¶ Where fitted, fuses must be installed in both positive and negative string cables 

for all strings, 
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¶ The string fuse must be of a type gPV, according to IEC60269-6 

¶ The string fuse must be rated for operation at Voc(STC) x M x 1.15 

¶ The string fuse must be selected with an operating current In such that: 

In > 1.5 x Isc(STC) 

In Ѕ ςȢτ Ø )sc(STC) 

In Ѕ Maximum series fuse value 

 

3.2 d.c. Isolation and Switching  

)ÓÏÌÁÔÉÏÎ ÉÓ Á ÆÕÎÃÔÉÏÎ ÉÎÔÅÎÄÅÄ ÔÏ ÃÕÔ Ïǟ ÆÏÒ ÒÅÁÓÏÎÓ ÏÆ ÓÁÆÅÔÙ ÔÈÅ ÓÕÐÐÌÙ ÆÒÏÍ ÁÌÌȟ ÏÒ 

a discrete section, of the installation by separating the installation or section from 

every source of electrical 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 of the PV array circuit: 

d.c. Circuit  Switching  Isolation  

String Not required Readily accessible means of string 
isolation 

Sub array Optional  Readily accessible means of sub array 
isolation 

Array Readily accessible load break switch disconnector on d.c. 
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), so as to provide 

a means of isolating the cable for safety reasons or maintenance works 

A switch disconnector installed on the d.c. side shall have the following features: 

¶ The switch must isolate all live conductors (typically double pole to isolate PV 

array positive and negative conductors), 

¶ The switch must be rated for d.c. operation at the system voltage maximum as 

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

calculated, 

¶ 4ÈÅ Ó×ÉÔÃÈ ÍÕÓÔ ÂÅ ÌÁÂÅÌÌÅÄ ÁÓ ȬPV array d.c. isolatorȭȟ ×ÉÔÈ ÔÈÅ /. ÁÎÄ /&& 

positions clearly marked. Switch enclosures should also be labelled with Ȭ$ÁÎÇÅÒ - 

ÃÏÎÔÁÉÎÓ ÌÉÖÅ ÐÁÒÔÓ ÄÕÒÉÎÇ ÄÁÙÌÉÇÈÔȭ. All labels must be clear, easily visible, 

constructed and affixed to last and remain legible for as long as the enclosure. 

¶ Shall comply with the requirements of IEC 60947 (series).  

¶ Have a utilization category at least DC-21B of IEC 60947-3.  

¶ 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 3-1).  

 
  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 provided it meets all the above requirements. 

Array Switch Disconnector shall be a readily accessible load break switch 

disconnector on d.c. side of the inverter. This array switch disconnector shall be a 

physically separated switch-disconnector mounted adjacent to the inverter.  

For inverters with an integrated switch-disconnector: a separate switch-

disconnector is not required at the inverter if the switch-disconnector 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: 

¶ No current-using equipment is connected to the circuit, and 

¶ No provision is made for the connection of current-using equipment, and 

¶ No socket-outlets are permitted. 

Note: For the purposes of this guide a data logger is not considered current-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 accordance with 

BS 7671. 

The a.c. cable connecting the inverter(s) to the consumer unit should be sized to 

minimise voltage drop less than 3%. (1% drop or less is recommended. However, in 

larger installations this may not be practicable or economic due to the very large size 

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:  

¶ when generating, the voltage at the inverter terminals is higher than the 

ÖÏÌÔÁÇÅ ÁÔ ÔÈÅ ÓÕÐÐÌÉÅÒȭÓ ÃÕÔ ÏÕÔȟ ÄÕÒÉÎÇ ÐÅÒÉÏÄÓ ÏÆ ÈÉÇÈ ÐÏ×ÅÒ ÏÕÔÐÕÔ ÔÈÉÓ 

voltage drop must be kept to a minimum in order to prevent the inverter 

nuisance tripping on over voltage;  

¶ 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 

RCD is needed to satisfy the general requirements of the electrical installation in 

accordance with BS 7671, then the selected RCD should be a Type B RCCB as 

defined in IEC 62423 . 

If the inverter manufacturer has provided written statement claiming that a Type B 

RCCB as 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 result 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 system shall be connected to an isolation switch that fulfils the following 

conditions: 

¶ Isolate phase(s) and neutral conductors 

¶ Be securable in the OFF position 

¶ Located in an accessible location 

This switch shall clearly show the ON and OFF positions and be ÌÁÂÅÌÌÅÄ ÁÓ ȬPV 

system ɀ main  a.c. isolatorȭ 
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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 BS 7671. 

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. 

4ÈÅ ÐÒÏÔÅÃÔÉÏÎ ÁǟÏÒÄÅÄ ÁÔ ÔÈÅ ÏÒÉÇÉÎ ÏÆ ÔÈÅ ÃÉÒÃuit (the distribution board) in 

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 , Surge and Lightning Protection  

3.4.1 System Earthing and Equipotential Bonding  

Earthing shall be required for all exposed conductive parts PV module frames, array 

structures, power, communication and protective equipment and enclosures for 

protection. Earthing systems of AC side and DC side shall be 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 PV modules. Bare copper conductor or copper tape shall be used for 

this purpose as shown in Figure 3-1. 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 connect the individual earth cables of each raw and that 

shall be connected to grounding conductor. Further, star-type washers shall be 

recommended when bolting the lugs of earthing cable with the module frame that 

can scratch the anodization of the module frame to make contact with its aluminium. 
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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 external reflection onto the PV 

modules increasing its current. Thus, the 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 6mm2.  Resistance between any point of the PV 

system and earth should be as smaller as possible and it is recommended to have a 

value less than 10ɱ ÁÔ ÁÎÙ ÔÉÍÅȢ  

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 exposed 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 system is shown in Figure 3-2. 

A connection to earth of any of the current carrying d.c. conductors 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. 

Continuous earthing conductor 
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Where a functional earth is required, it is preferable that where possible this be done 

through high impedance (rather than directly). The PV 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 ×ÉÔÈ ÔÈÅ ÉÎÖÅÒÔÅÒȭÓ ÂÕÉÌÔ-in d.c. insulation monitoring. Hence, if an earthed 

d.c. conductor is required, it should be done in accordance with guidance from the 

inverter manufacturer.  

 

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 conductor, air-termination 

conductor, earth entry) to each other or to an installation. Depending on the type of 
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clamp and clamp material, a lot of different clamp combinations are possible. Below 

Table shows materials which may be combined without causing contact corrosion. 

 Steel Aluminium  Copper 
Stainless 

Steel 
Titanium  Tin  

Steel Yes Yes NO Yes Yes Yes 

Aluminium  Yes Yes NO Yes Yes Yes 

Copper NO NO Yes Yes NO Yes 

Stainless 
Steel 

Yes Yes Yes Yes Yes Yes 

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 various reasons. 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). 

¶ Variations in the electrical field 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 62305-2.  
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DC side of the inverter shall be protected with surge protective device (SPD) of IEC 

61643-ρ 4ÙÐÅ ς Ȱ,Ï× 6ÏÌÔÁÇÅ 3ÕÒÇÅ 0ÒÏÔÅÃÔÉÖÅ $ÅÖÉÃÅÓȱȢ  

The following method of simplified risk assessment, which is based on the evaluation 

of the critical length Lcrit  and its comparison with L, the cumulative length of the d.c. 

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

Type of 

Installation 

Individual 

residential 

premises 

Terrestrial 

production plant 

Service/Industrial/ 

Agricultural/ 

Buildings 

Lcrit  (in m) 115/N g 200/N g 450/N g 

 
,І ,crit   Surge prospective device(s) compulsory on d.c. side 

L< Lcrit  Surge prospective device(s) not compulsory on d.c. side 

Where,  

Ng is lightning density (number of strikes/km²/year)  

L is the sum of the sum of distances between the inverter(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 string, taking into 

account that the lengths of cable located in the same conduit are counted only 

once. 

Ng can be estimated as Ng=0.04 ὝȢ  

Where Td 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 SPD may 

not be required for the inverter d.c. end. The SPD shall be rated to a minimum 

continuous operating voltage (Ucpv) of 1.25 times the open-circuit voltage, Voc 

(STC) of the PV string, maximum protective voltage (Up) of 1.5 kV and a minimum 



 
 
Guideline on Rooftop Solar PV Installation in Sri Lanka  

 
28 

 
 
 

flash current of Iimp=5 kA for Class I (Class B) and In=40 kA for Class II (Class C). 

The SPD shall protect both the positive and negative terminals of the system as 

shown in Figure 3-1. 

 

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 installed in the 

vicinity of the inverter if the length is less than 10 metres. If it is greater than 10 

metres, a second SDP is necessary and should be located in the box close to the 

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

It is recommended that a specialist entity in lightning protection be consulted to 

determine the appropriateness of installing a surge protection and Lightning 

Protection system. Simplified selection guide is given below; 
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Figure 3-2: Recommended SPD locations of PV installation 

 Location  PV Module or Array  Inverter 
DC Side 

Inverter AC Side  Main DB 

 Criteria  LDC <10 m 
and Up< 0.8 
Uw 

LDC >10 m   LAC <10 m LAC >10 
m 

  

E
xt

e
rn

a
l L

P
S

 

No No need Class II Class II No need Class II Class I or 
Class II 

Yes ɀIsolated/  
with sufficient 
separation 

No need Class II Class II No need Class II Class I 

Yes ɀNon 
Isolated/ with 
sufficient 
separation 

Class I Class I Class I Class I, except 
inverter is 

located 
inside the 
main DB 

Class I Class I 

For more details, please refer IEC 61643-32: Surge protective devices connected to 

the d.c. side of photovoltaic installations ɀ Selection and application principles. 

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

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

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

earth terminal block should not exceed 50 cm as shown in Figure 3-3 . 
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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 system as per 

IEC 62305, which includes air terminal, down conductor and earth termination . 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 62305-3 (EN 62305-3). It defines the distance 

ÒÅÑÕÉÒÅÄ ÔÏ ÁÖÏÉÄ ÕÎÃÏÎÔÒÏÌÌÅÄ ǨÁÓÈÏÖÅÒ ÔÏ ÁÄÊÁÃÅÎÔ ÍÅÔÁÌ ÐÁÒÔÓ ÒÅÓÕÌÔÉÎÇ ÆÒÏm a 

lightning strike to the external lightning protection system.  

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

these systems must be located in the protected volume of air-termination systems. 

Positioning of air terminal system shall be done as per IEC 62305-3 (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 system and the yield. However, in case of core 

shadows, a dark clearly outlined shadow is cast on the surface behind an object, 

ÃÈÁÎÇÉÎÇ ÔÈÅ ÃÕÒÒÅÎÔ ǨÏ×ÉÎÇ ÔÈÒÏÕÇÈ ÔÈÅ 06 ÍÏÄÕÌÅÓȢ &ÏÒ ÔÈÉÓ ÒÅÁÓÏÎȟ ÓÏÌÁÒ ÃÅÌÌÓ ÁÎÄ 
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ÔÈÅ ÁÓÓÏÃÉÁÔÅÄ ÂÙÐÁÓÓ ÄÉÏÄÅÓ ÍÕÓÔ ÎÏÔ ÂÅ ÉÎǨÕenced by core shadows. This can be 

achieved by maintaining a sufficient distance.  

The recommended distance between the module and the air-termination  rod 

required to prevent core shadows is shown in below figure. 

 

Figure 3-4: Distance between the module and the air-termination  rod required to 

prevent core shadows 

  














































































