
Chapter 4 

Solar PV Home Systems Installation Guideline 

-tO Introduction 

Field experience with PV rural electrification has shown that the performance of solar 

home systems SHSs is not always entirely satisfactory. However, in-depth studies of the 

problems encountered in existing installations have revealed that the pure solar part, i.e. 

the PV generator, rarely fails. The PV system is often initially blamed for the failure but, 

when things go wrong, it is usually the other PV system components or the appliances 

\Vhich are powered by the PV generator which are found to have failed. This is mainly 

because, while PV modules are highly standardized and certified using internationally 

\alidated procedures, there are no equivalent standards and procedures available for 

balance-of-system components, component matching or installation quality, even though 

the quality of these components has a dramatic influence on user satisfaction and 

operating costs. 

Thisguideline results from work which has been done as a research thesis ofthe author 

and is designed to form the basis for a basic guideline for Solar PV Home Systems 

( SHS). In preparing this report, each of the different approaches has been assessed using 

scientific reasoning, empirical evidence and the personal experience of the authors. To a 

large extent, the guideline proposed here can therefore be considered as general 

guideline, because each of the existing literature has provided extremely valuable inputs. 

This proposed guideline is intended to provide a basis for technical quality assurance 

procedures, to the extent that meeting the specified requirements will produce a SHS that 

\V ill perform adequately. In particular, it is intended to provide a quality reference for 

procurement specifications issued by government grants, financial investors and even the 

INGO's or NGO who wish to give these systems to underprivileged. In addition, it is 

intended to be useful as a design guideline for SHS manufacturers and installers. 
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The guideline is as follows, it has been divided in to SHS main components and other 

important areas which the researcher felt important. 

4.1 PV Generator (PV Module) 

Figure 4.1.1: Typical Crystalline Solar PV Module with 36 cells 

Solar modules are generally flat panels mounted on roofs or other structures. Solar 

modules convert energy from sunlight into direct current (DC) electricity. There are few 

types of solar module types which differ in its operating characteristics due to its 

construction in its cells. The types available are as follows; 

• Crystalline silicon 

• Thin film 

• Compounds 

• Dye sensitized plastic. 

However, only crystalline and thin film technology is commercially available for 

usage. When selecting the PV module it is vital to know how efficient it is. Crystalline 

solar PV modules are efficient enough to be utilized in a SHS installation and it is not 

that expensive either. Therefore, it is recommended to use crystalline PV solar modules 

for SHS installations and to avoid other types. If required the second best option of thin 

tilm PV modules could be utilized, but recommended to avoid same if it is possible to 

atTord crystalline ones. The PV modules also should comply with following guidelines; 
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PV Module Selection 

• Single-crystalline or poly-crystalline PV modules certified according to the 

international standard IEC-61215. (R) (See over view of standard in annexure-4) 

• lfthin-film photovo1taic modules are used, they must be type tested and certified in 

accordance with IEC 61646 (See over view of standard in annexure-4 ) or equivalent 

specifications. The peak power output for thin film modules should be the value after 

light soaking. 

Table 4.1.1: Module Type Against their Efficiencies 

Pilot 

Laboratory 
Production Production 

Module Type Efficiencies Efficiencies 
Efficiencies (%) (%) 

Crystalline Silicon 
- Single Crystalline 24 13- 16 

- Multi-Crystalline 20 12- 15 

(poly) 

Thin-Film 
- Amorphous Silicon 14 5-8 

- CdTe 16 7- 10 

- Cu(lnGa)Se2 19 10- 12 

I 

• To be eligible for government grant schemes the photovoltaic array should consist of 

one or more flat-plate photovoltaic modules. Each module should comprise no less 

than 36 series-connected single or poly-crystalline silicon solar cells. Flat plate thin

film modules could also be used. If more than one module is used, identical models 

shall be used and they shall be connected in parallel. 

• Each module must be clearly marked indicating: Manufacturer, Model Number, 

Serial Number, Peak Watt Rating, Peak Current, Peak Voltage, Open Circuit Voltage 

and Short Circuit Current of each module (this is to safeguard the end user from the 

vendor in event the vendor abandon and leave the end user, the end user could contact 

the manufacturer to obtain warranty claims or technical support from the module 

manufacturer). 
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PV Module Installation 

• The module junction box must be sealable and moisture resistant may it be installed 

on the module back or on the support structure. 

• The modules must be framed in such a way as to allow secure connection to the 

module mounting structure. 

PV Module Maintenance 

• It is suggested that the PV Module be cleaned with water and soap once in two 

months least to prevent the module being in efficient due to dirt and dust residual on 

it as time passes. In dry seasons when dust is more this frequency could be increased. 

4.2 Support Structure for PV Module 

Figure 4.2.1: Pictures Depicting Module Support Structures 

The PV module could be mounted in few ways. However, in what ever method it is 

required to fix the module aligned to north to south. And tilted a bit to let the rain water 

to flow out, and to be perpendicular to the suns movement. Usually this alignments and 

direction is obtained in Sri Lanka with the module support. The module support assembly 
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usually comprise of two main parts. One is the framework which is fixed to the module 

and it also makes the connection with the support pole. 

It is noted that the pole which is used is always GI in Sri Lanka and has the capability 

of withstanding the environmental negative effects. However, it is noted that the module 

support framework is fabricated from both Aluminium as well as mild steel in Sri Lanka. 

However, mild steel does withstand the environment as much as Aluminium, therefore it 

is recommended to use Aluminium framework along with GI pole. There are 

possibilities of using galvanized iron, stainless steel frameworks, but is quite expensive 

than the two solutions available locally. There also instances where treated wood is being 

used in some countries where it is less humid, however this solution would not be 

feasible to our country. 

The suggested module support assembly guideline would be as follows; 

PV Module Support Structure Selection 

• Support structures should be able to resist, at least, 1 Oyears of outdoor exposure 

without appreciable corrosion or fatigue. 

• Several materials can be used for support structures, including stainless steel, 

aluminium, galvanised iron with a protective layer provided that above requirements 

are satisfied. 

• Support structures must withstand winds of 100 krnlh. 

PV Module Support Structure Installation 

• In the case of framed PV modules, only stainless steel fasteners (screws, nuts, rings, 

etc.) may be used for attaching them to support. 

• Tilt angle should be selected to optimise the energy collection during the worst 

month, i.e., the month with the lowest ratio of monthly mean daily irradiation to the 

monthly mean daily load. Generally, constant user load can be assumed. Then, the 

following formula can be used 
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Tilt ( 0
) =max {I<Dj}+ 10° 

where <D is the latitude of the installation. 

Note: Sri Lanka's latitude changes around+ 4° from south to north (From Point 

Devundara to Point Pedro). Therefore, it is safe to use the tilt angle as 12° 

(10 ° + 2 °) on average as a rule of thumb. 

• Static support structures are generally preferable to tracking-ones 

• For static support structures where the PV array is roof mounted anchoring of the 

mounting structure must be to the building and not to the roofing material. And it is necessary to 

have at least 10 em clearance between the PV array and the roofing material. 

Figure 4.2.2: A typical Pole Mounted Solar PV Module 

• And for static support structures where the PV array is pole mounted (Figure 4.2.2), 

the module/s should be attached to the top of the pole at least 4M off the ground. 
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PV Module Support Structure Maintenance 

• The panel/s should be mounted clear of vegetation, trees and structure so as to assure 

that they are free of shadow throughout day light hours during each season of the 

year. Furthermore, if more than one panel is mounted on a support structure th~ 

panels should not be mounted such that one panel will not shade the other module(s). 

Therefore, the user of the system should make sure that the module/s is not shaded by 

vegetation and same is cleared off as and when required. 

4.3 Battery 

Figure 4.3.1: Picture of a Tubular Deep Cycle Solar Battery Available in Sri Lanka 

For the battery, the most important feature of its operation in SHSs is cycling. During 

the daily cycle, the battery is charged during the day and discharged by the night-time 

load. Superimposed onto the daily cycle is the seasonal cycle, which is associated with 

periods of reduced radiation availability. This, together with other operating parameters 

(ambient temperature, current, voltages, etc.) affects the battery life and maintenance 

requirements. In order to maximise the lifetime of lead acid batteries, the following 

operating conditions must be avoided: 

• High voltages during charging (to prevent against corrosion and loss of water) 
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• Low voltages during discharge (corrosion) 

• Deep discharge (to avoid sulphating, growth of de-nitrites) 

• Extended periods without a fully charging (to avoid sulphating) 

• High battery temperatures (all ageing processes are accelerated) 

• Stratification ofthe electrolyte (to avoid sulphating) 

• Very low charge currents (to avoid sulphating) 

These rules lead to specifications for sizing (both battery and PV generator) and for 

battery protection procedures (charge controller). Further it is required following 

guidelines be followed in selection, installation and maintenance of batteries. 

Battery Selection 

• Batteries bearing the PV GAP Mark (Global Approval Program For Photovoltaics) or 

having been tested and certified in accordance with PVGAP PVRS5A - Lead-acid 

Batteries for Solar Photovoltaic Energy Systems - General Requirements and 

Methods of Test for Modified Automotive Batteries, or equivalent or better standard, 

will be accepted. Also accepted are tubular plate batteries tested and certified in 

accordance with Indian Standard IS 13369:1992 - Stationary Lead Acid Batteries 

(with Tubular Positive Plates) in Monobloc Containers, or equivalent or better 

standard. Accepted on an interim basis are flat plate batteries tested and certified in 

accordance with BS EN 50342:2001 - Lead-acid Starter Batteries; General 

Requirements, Methods of Test and Numbering (which supersedes BS EN 60095-

1: 1993), or equivalent or better standard. 

• The maximum permissible self discharge rate is l 0 percent of rated capacity per 

month at 25°C is allowed. 

• Cycle life of the battery (i.e., before its residual life drops below 80 percent of the 

rated Ah capacity), at 25°C must exceed 200 cycles when discharged down to an 

average depth of discharge (DOD) of 75 percent. Certain conditions must be required 

for a battery to be categorised as "modified SLI", as follows: 
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Table 4.3.1: Selection of Batteries for a SHS Based on PV Module Capacity 

Module Rating Average daily Ah to (Daily Ah x 3 days 
Minimum battery sizes (Ah) 

(Wp) load at 12 V DC of autonomy)/0.75 
for autonomy of 

3 davs 5davs 

10 3 12 12 20 
20 6 24 24 40 
30 9 36 36 60 
40 12 48 48 80 
50 15 60 60 100 
60 18 72 72 120 

-- --

• The thickness of each plate must exceed 2mm. 

• The amount of electrolyte must exceed 1.15 I per 100 Ah of20-hour nominal capacity 

and per cell. 

• The separator must be made of micro-porous polythene. 

• (To allow free movement & circulation of acid, but maintain insulation) 

• The density of electrolyte must not exceed 1.25 g/cl. 

Battery Installation 

• The batteries shall be supplied to the customer in a fully charged condition ready for 

use. The battery and associated containers should be able to handle transport down 

rough dirt roads without damage 

Battery Maintenance 

• It is recommended that the user top up acid level of the battery/s with distal water to 

be at battery manufacturers indicated level as and when required. 

• Check frequently if oxidation has occurred on the battery terminals frequently, clean 

with hot water and apply a petro-gel in order to prevent oxidation setting in again. 

Further clean the battery surface of any excess acid or dust in order to prevent any 

leakage current between the two terminals. ( +ve and the - ve) 
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4.4 The Charge Controller 

• 

· ~· • 

Figure 4.4.1: Typical pictures of charge regulators 

The charge controller serves primarily to protect the battery against both deep 

discharging and overcharging. It is also used to protect the load under extreme operating 

conditions, and to provide operational information to the users. Ideally, charge regulation 

should be directly controlled by the state of charge (SOC) of the battery, and 

sophisticated charge regulators based on that principle are available in the current market. 

However, they are still rather complex and expensive, so their use in small SHSs is 

scarcely justified. For this reason, only charge regulators which are based on voltage 

control are considered in this guideline. Following specifications are proposed here for 

selection, installation and maintenance of Charge Controllers: 

The Charge Controller Selection 

• The charge controller must have some type of display or an indicator to indicate when 

it is in the charging mode 

• Some form of a battery state-of-charge indicator must be provided on or near the 

controller or load centre. 

• Deep discharge protection must be included . 

• Manual release of the deep-discharge protection is not permitted (S) 

• Warning facilities must be included (R) 
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o "Warning" voltage (low voltage) must be 0.2V (for 12V systems) higher than 

the consumption disconnection voltage. For example, a disconnect voltage of 11.7 

V DC+ 0.1 V DC and reconnect voltage of 12.9 V DC+ 0.2 V DC is suitable for safe 

operation of lead-acid batteries used in SHS. should be selected such that the 

warning signal is activated 30 minutes before "load disconnect" occurs, 

assuming all the 

o loads are "on" 

• This device must, at a minimum, indicate when the battery condition is 

o Suitable to operate all loads (e.g. voltage greater than 12.5 V DC) 

o Energy conservation required (e.g., battery voltage less than 11.9 V DC) 

• End-of-charge voltage should lie in the range from 2.3 to 2.4 V/cell, at 25°C. 

• The charge regulator must be able to resist any possible "non-battery" operating 

condition, when the PV generator is operating at Standard Test Conditions and with 

any allowed load. 

• The charge regulator must also protect the load in any possible "non-battery" 

condition, as defined above, by limiting the output voltage to a maximum of 1.3 times 

the nominal value. (Full interruption of output voltage is also allowed). 

• The charge regulator should allow battery charging from the PV module for any 

vo I tage greater than 1. 5 VIce II. 

• The charge regulator must resist without damage the operating condition defined by: 

ambient temperature of 40°C, charging current 25% greater than the short circuit 

current of the PV generator at Standard Test Conditions, and discharging current 25% 

greater than that corresponding to the full load "on" at the nominal operating voltage. 

• Battery temperature compensation circuitry is not required if flooded lead-acid 

batteries are used. However, if temperature compensation is not provided, then the set 

points must correspond to the type of battery and the ambient temperature of the site 

where the SHS is to be used. Temperature compensation is required if sealed lead

acid batteries are used. 

• Charge regulator boxes must provide protection to at least IP 32. 

(Protection against solid objects greater than 2.5mm diameter and protected against 
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dripping water when tilted up to 15°) 

• The charge regulator must be protected against reversed polarity in both PV generator 

and battery lines. Diode-fuse or other arrangements can be used. 

• The model number, serial number, rated voltages and currents, set points and 

indicator settings should be noted on the charge regulator case. 

• The charge regulator must not produce radio frequency interference in any operation 

conditions. 

• Maximum current draw of the controller, when no LEOs are lit should not exceed 

lOrnA. 

The Charge Controller Installation 

• All the charge regulator tenninals should easily accommodate, at least, 4 mm2 section 

cables. 

• Internal voltage drops between the battery and generator tenninals of the charge 

regulator must be less than 4% of the nominal voltage (::::::0.5 V for 12 V) in the worst 

operating conditions, i.e., with all the loads "off' and the maximum current from the 

PV generator. 

• Internal voltage drops between the battery and load tenninals of the charge regulator 

must be less than 4% of the nominal voltage (0.5 V for 12 V) in the worst operating 

condition, i.e., with all the loads "on" and no current from the PV generator. 

• Reverse current leakage protection must be provided. 

The Charge Controller Maintenance 

• The chosen device must come appropriately labelled such that the user does not have 

to refer to a manual to understand the existing battery condition. 

• Some means must be provided to safely disconnect the battery and the module during 

servicing repair by a technician. 

• It is recommended that a trained technical person check on the contacts/tenninals of 

the charge controller for oxidation, loose connection and dry sold once in six months 

at least for proper maintenance. 
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4.5 The Lighting (Loads are Mainly Lighting) 

t 

CFL's Fluorescent LED's 

Figure 4.5.1: Pictures of typical light loads available in SHS in Sri Lanka 

Typical loads in SHSs are lamps, radios and black and white TV -sets. And lighting 

usually represents a substantial part of the total energy consumption of the house. Lamps 

are usually included in SHSs kits, but they have not yet been widely standardised. In 

contrast, radios and TV -sets are directly acquired by the users from the conventional 

appliances market, their energy consumptions tend to be modest and they are highly 

standardised products. For these reasons, only lamps are reviewed in this guideline, while 

information concerning radios and TV -sets (low standby losses, protection against 

reverse voltage, required voltage, etc.) are entrusted to training and general information 

activities in the industry. 

The requirements proposed here are as follows for loads are as follows: 

The Lighting Selection 

• Fluorescent lamps are recommended due to their higher efficiency for area or task 

lighting applications, but LED or halogen lamps may be used for special purpose 
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applications such as night lights. If fluorescent lamps are to be used, they must meet 

the following specifications. 

• Minimum operating voltage when the tube light or compact fluorescent light (CFL) 

will still strike shall be less than 85% of the rated voltage. 

• Ballasts must ensure safe and regulated ignition in the voltage range from -15% to 

+25% ofthe nominal voltage (10.3 V to 15 V for 12 V batteries). 

• Maximum continuous operating voltage without damage to the circuit must be at least 

125% of the rated voltage. 

• Ballasts must ensure safe and regulated ignition in the voltage range from -15% to 

+ 25% of the nominal voltage ( 10.3 V to 15 V for 12 V batteries). 

• Ballasts must ensure safe and regulated ignition in the range of ambient temperature 

from 0 octo +40oC. 

• The electrical waveform on the fluorescent tube terminals must be symmetrical m 

time to within 10 percent (i.e., 60%/40% waveform maximum difference in symmetry 

over the voltage range of 11.0 to 12.5 V DC at an ambient temperature of 25 degrees 

C). 

• The maximum crest factor (ratio of maximum peak to RMS voltage of the waveform 

applied to the fluorescent tube light) shall be less than 2. 

• No blackening or reduction in the lumen output by more than 10% should be 

observed after 1,000 ON/OFF cycles (two minutes ON and four minutes OFF is one 

cycle). 

• The luminous efficacy of the light, inclusive of the power requirement of the inverter, 

must be either: 

(c) greater than 30 lumens/watt with any reflectors, lenses, covers or grids (if 

used) in place; or 

(d) greater than 35 lumens/watt without reflectors, lenses, etc in place. 

• Light fittings must be insect proofed and corrosion and weather protected. 

• Light fittings must be marked with the manufacturer, model number, rated operating 

voltage, rated current and date of manufacture or batch number. 

• Ballasts must not produce radio frequency interference. 
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• The consumption of ballasts when they are operated without lamps must be lower 

than 20% of their nominal power. 

• Minimum DC power requested at the ballasts input must be 90% of the nominal value 

of the lamp, in all the range of the operating voltage ( -15% to + 25% of the nominal 

value.) 

• The simultaneous use of both fluorescent and low power ( < 2 W) incandescent lamps 

should be allowed, as long as the total design load consumption is not exceeded. 

• The luminous efficiency could be increased adding reflectors to the bulb mountings. 

The Lighting Installation 

• The minimum operating frequency should be 20 kHz and the wiring length from the 

inverter to the fluorescent light bulb must be kept short to minimize radio 

interference. 

The Lighting Maintenance 

• Lenses, covers, grids etc. (if used) must be easily removable by the user for bulb 

replacement or for cleaning. 

• Ballasts must be protected against destruction when: 

o The lamp is removed during operation or the ballasts are operated without the 

lamp. 

o The lamp does not ignite. 

o The supply voltage is reverse-poled. 

o The outputs of the electronic ballast are short circuited. 

Socket Outlet 

• A 12 V DC socket outlet for a TV or similar appliance shall be provided for systems 

having a capacity of 30 Wp or more. The outlet must be rated to carry the maximum 

expected DC current. The outlet must be protected from reversing the polarity of the 

voltage applied to the appliance. An optional 6/9V outlet for use with radio/cassette 

player is recommended. 
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4.6 The Wiring 

The Wiring Selection 

• The sections of cables must cause less than 3% of voltage losses between PV modules 

and charge regulator, less than 1% between battery and charge regulator, and less 

than 5% between charge regulator and load. All of these apply at the maximum 

current condition. 

• Notwithstanding the above maximum voltage requirements, the minimum acceptable 

cross-section of the wire in each of the following sub-circuits is as follows: 

o from PV module to charge regulator: 2.5 mm
2 

o from charge regulator to battery: 2.5 mm
2 

o from charge regulator to intermediate junction point/switch on the way to load 

2.5 mm2 

o from junction point to the load 1.5mm2 

I able 4.6.1: Recommended Wire Cross-Sections for Each Section of SHS Installations 

Connection SHS with SHS with 
2.5 mm2 1.5 mm2 

PV module to charge X 
regulator 
charge regulator to 
battery X 

charge regulator to 
intermediate X 
junction/switch 
from junction point to X 
the load 

Note : 2.5 mm2 stands good up to module capacity of 60W. Thereafter, it is necessary 

to use 4 mm2
• 

• External cables must be specifically adapted to outdoor exposure according to the 

international standard. 
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The Wiring Installation 

• All cable terminals must allow for a secure and mechanically strong electrical 

connection. They must have low electrical resistance; leading to voltage losses less 

than 0.5% of the nominal voltage. This applies for each individual terminal at the 

maximum current condition. 

• Field-installed wiring must be joined using terminal strips or screw connectors. 

Soldering or crimping in the field must be avoided if at all possible. Wire nuts are not 

allowed. The rated current carrying capacity of the joint must not be less than the 

circuit current rating. All connections must be made in junction boxes. Fittings for 

lights, switches, and socket outlets may be used as junction boxes where practical. 

• All wiring shall be colour coded and/or labelled. 

• All exposed wiring (with the possible exception of the module interconnects) must be 

in conduits or be firmly fastened to the building structure with wiring clips with a 

span between them of 6"~8". Wiring through roofing, walls and other structures must 

be protected through the use of bushings. Wiring through roofing must form a 

waterproof seal. Where the wiring is through flammable material (e.g. thatched 

roofs), they must be in a metal conduit. Adequate fasteners, conduits, bushings and 

other installation hardware must be supplied. 

The Wiring Maintenance 

• Cable terminals should not be prone to corrosion arising from junctions or dissimilar 

metals. 

• It is recommended to carryout a full inspection of the wiring of the SHS by a 

competent technician once in one year. Through this, identification of loose 

connections, open circuits, potential short circuits, rodent damage, insulation 

failure ... etc if any could be identified and rectified. 
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4.7 Safety 

• Both battery and charge regulator must be protected against over-currents and short

circuit currents by the placement of fuses, diodes, etc. in both PV generator and load 

lines. 

• The battery must be located in a well ventilated space with restricted access. 

• Provisions must be taken to avoid accidental short circuit of the battery terminals. 

• In regions with frequent storms, manual isolation of both the positive and negative 

poles should be installed on the PV side, so that the PV generator can be isolated 

when there is a risk of I ightning strikes. 

• Electrodes of ballasts must never be connected to lighting fixtures. 

4.8 Reliability and Sizing 

• The size of the PV generator should be chosen to ensure that the energy produced 

during the worst month can, at least, equal the demand of the load. 

• The useful capacity of the battery (nominal capacity multiplied by the maxtmum 

depth of discharge) should allow for a three to five day period of autonomy. 

• In cases where manual tracking is provided, the estimated surplus in collected 

irradiation should not be considered for sizing purposes. 

4.9 Energy Efficiency 

• The PV generator must be entirely free of shadows during, at least, 8 hours per day, 

centred at noon, all through the year. 

• With an irradiance of 800 W 1m2, the maximum power voltage of the PV generator 

at the annual maximum ambient temperature of the site VMAX (T MAx) should lie 

between 14.5 and 15 V. 

• The freeloading electrical consumption of the charge regulator in normal operation 

must not exceed the 3% of the foreseen daily consumption .. 

• The freeloading electrical consumption of the charge regulator in normal operation 

should not exceed the I% of the foreseen daily consumption .. 
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.uo User Friendliness 

• If the load can be used without any restriction, then the battery state of charge should 

be indicated by means ofvisual indicator/s. 

• If the battery has been disconnected from the load because its state of charge is too 

low, then this is indicated by a red signal . 

• If there is a risk that the battery will soon be disconnected from the load, then it 

should be indicated by a audio and visual indication . 

.t.ll Installation and Maintenance 

• Support structures must be mounted to allow easy access for PV module cleaning and 

connection boxes inspection. 

• Support structures must be mounted such that their resistance to corrosion, fatigue 

and wind are preserved 

• If roof mounting is done, support structures should not be fixed onto roofing sheets, 

but to a roof beam or an integral part of the structure of the house The battery should 

be placed in an easily accessible location (Note: access should normally be restricted, 

for example by means of a locked door). 

• It is recommended to do routine service visit once in four months i.e. three times a 

year or at least once in six months i.e. two times a year compulsorily by a trained 

technical personnel. 

• Charge regulators and lamps must be provided with suitable mounting brackets 

fixings. 

• Charge regulators and lamps must be designed in such a way that access to fuses and 

wiring terminals is relatively easy. 

• Lamp lenses, covers grids, etc. (if used) must be insect proof. 

• Lamp lenses, covers grids, etc. (if used) must be easily removable by the users for 

bulb replacement or for cleaning. 

• All fluorescent tubes must be available locally. 

• Tooling requirements must be minimised (avoid different bolt I screw sizes, etc.) 

• Cables must be secured to support structures or walls to fully avoid mechanical forces 
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on other elements (connection boxes, ballasts, switches, etc) 

• Cables must be stapled into the wall at appropriate intervals to secure them both 

horizontally and vertically if exposed, otherwise they should be buried or recessed 

and plastered into walls. 

• Cables must be kept out of reach of small children. In general, all cable lays must be 

horizontal or vertical, never oblique .. 

4.12 Flexibility 

Parallel connections of more than two batteries are not permitted . 

• Parallel connections of different batteries are not permitted. 

• Parallel connections of old and new batteries are not permitted . 

4.13 Summery of Vital/Salient Features of SHS Not to Be Violated 

PV Generator (PV Module) 

• Single-crystalline or poly-crystalline PV modules certified according to the 

international standard IEC-61215. (R) (See over view of standard in annexure-4 ) 

• Ifthin-film photovoltaic modules are used, they must be type tested and certified in 

accordance with IEC 61646 (See over view of standard in annexure-4 ) or equivalent 

specifications. The peak power output for thin film modules should be the value after 

light soaking. 

• Each module must be clearly marked indicating: Manufacturer, Model Number, 

Serial Number, Peak Watt Rating, Peak Current, Peak Voltage, Open Circuit Voltage 

and Short Circuit Current of each module (this is to safeguard the end user from the 

vendor in event the vendor abandon and leave the end user, the end user could contact 

the manufacturer to obtain warranty claims or technical support from the module 

manufacturer). 

• The module junction box must be sealable and moisture resistant may it be installed 

58 



on the module back or on the support structure. 

• The modules must be framed in such a way as to allow secure connection to the 

module mounting structure. 

Support Structure for PV Module 

• Support structures should be able to resist, at least, 1 Oyears of outdoor exposure 

without appreciable corrosion or fatigue. 

• 1n the case of framed PV modules, only stainless steel fasteners (screws, nuts, rings, 

etc.) may be used for attaching them to support. 

• Tilt angle should be selected to optimise the energy collection during the worst 

month, i.e., the month with the lowest ratio of monthly mean daily irradiation to the 

monthly mean daily load. Generally, constant user load can be assumed. Then, the 

following formula can be used 

Tilt ( 0
) =max {1<1>1}+ 10° 

where <I> is the latitude of the installation. 

Note : Sri Lanka's latitude changes around+ 4° from south to north (From Point 

Devundara to Point Pedro). Therefore, it is safe to use the tilt angle as 12° 

( 10 o + 2°) on average as a rule of thumb. 

Battery 

• Batteries bearing the PV GAP Mark (Global Approval Program For Photovoltaics) or 

having been tested and certified in accordance with PVGAP PVRS5A - Lead-acid 

Batteries for Solar Photovoltaic Energy Systems - General Requirements and 

Methods of Test for Modified Automotive Batteries, or equivalent or better standard, 

will be accepted. Also accepted are tubular plate batteries tested and certified in 

accordance with Indian Standard IS 13369:1992 - Stationary Lead Acid Batteries 
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(with Tubular Positive Plates) in Monobloc Containers, or equivalent or better 

standard. Accepted on an interim basis are flat plate batteries tested and certified in 

accordance with BS EN 50342:2001 - Lead-acid Starter Batteries; General 

Requirements, Methods of Test and Numbering (which supersedes BS EN 60095-

1: 1993), or equivalent or better standard. 

The Charge Controller 

• The charge controller must have some type of display or an indicator to indicate when 

it is in the charging mode 

• Some form of a battery state-of-charge indicator must be provided on or near the 

controller or load centre. 

• Deep discharge protection must be included . 

• This device must, at a minimum, indicate when the battery condition is 

o Suitable to operate all loads (e.g. voltage greater than 12.5 V DC) 

o Energy conservation required (e.g., battery voltage less than 11.9 V DC) 

• The charge regulator must be able to resist any possible ''non-battery" operating 

condition, when the PV generator is operating at Standard Test Conditions and with 

any allowed load. 

• Charge regulator boxes must provide protection to at least IP 32. 

(Protection against solid objects greater than 2.5mm diameter and protected against 

dripping water when tilted up to 15°) 

• The charge regulator must be protected against reversed polarity in both PV generator 

and battery lines. Diode-fuse or other arrangements can be used. 

• The model number, serial number, rated voltages and currents, set points and 

indicator settings should be noted on the charge regulator case. 

• All the charge regulator terminals should easily accommodate, at least, 4 mm2 section 

cables. 

• Reverse current leakage protection must be provided. 
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The Lighting (Loads are Mainly Lighting) 

• Minimum operating voltage when the tube light or compact fluorescent light (CFL) 

will still strike shall be less than 85% of the rated voltage. 

• Ballasts must ensure safe and regulated ignition in the voltage range from -15% to 

+25% ofthe nominal voltage (10.3 V to 15 V for 12 V batteries). 

• Maximum continuous operating voltage without damage to the circuit must be at least 

125% of the rated voltage. 

• Ballasts must ensure safe and regulated ignition in the voltage range from -15% to 

+25% ofthe nominal voltage (10.3 V to 15 V for 12 V batteries). 

• No blackening or reduction in the lumen output by more than I 0% should be 

observed after I ,000 ON/OFF cycles (two minutes ON and four minutes OFF is one 

cycle). 

• The consumption of ballasts when they are operated without lamps must be lower 

than 20% of their nominal power. 

• The minimum operating frequency should be 20 kHz and the wiring length from the 

inverter to the fluorescent light bulb must be kept short to minimize radio 

interference. 

Socket Outlet 

• A 12 V DC socket outlet for a TV or similar appliance shall be provided for systems 

having a capacity of 30 Wp or more. The outlet must be rated to carry the maximum 

expected DC current. The outlet must be protected from reversing the polarity of the 

voltage applied to the appliance. An optional 6/9V outlet for use with radio/cassette 

player is recommended. 

The Wiring 

• The sections of cables must cause less than 3% of voltage losses between PV modules 

and charge regulator, less than 1% between battery and charge regulator, and less 
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than 5% between charge regulator and load. All of these apply at the maximum 

current condition. 

• Notwithstanding the above maximum voltage requirements, the minimum acceptable 

cross-section of the wire in each of the following sub-circuits is as follows: 

o from PY module to charge regulator: 2.5 mm2 

o from charge regulator to battery: 2.5 mm2 

o from charge regulator to intermediate junction point/switch on the way to load 

2.5 mm2 

o from junction point to the load 1.5mm2 

Table 4.13.1: Recommended Wire Cross-Sections for Each Section of SHS Installations 

~afety 

Connection SHS with SHS with 
2.5 mm2 1.5 mm2 

PV module to charge X 
regulator 
charge regulator to 
battery X 

charge regulator to 
intermediate X 
junction/switch 
from junction point to 
the load 

X 

Note : 2.5 mm2 stands good up to module capacity of 60W. Thereafter, it is necessary 

to use 4 mm2
• 

• Both battery and charge regulator must be protected against over-currents and short

circuit currents by the placement of fuses, diodes, etc. in both PV generator and load 

lines. 

• The battery must be located in a well ventilated space with restricted access. 

• Provisions must be taken to avoid accidental short circuit of the battery terminals. 
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Reliability and Sizing 

• The size of the PV generator should be chosen to ensure that the energy produced 

during the worst month can, at least, equal the demand of the load. 

Energy Efficiency 

• The PV generator must be entirely free of shadows during, at least, 8 hours per day, 

centred at noon, all through the year. 

• With an irradiance of800 W/m2, the maximum power voltage ofthe PV generator 

at the annual maximum ambient temperature ofthe site VMAX (T MAx) should lie 

between 14.5 and 15 V. 

l -.er Friendliness 

• If the load can be used without any restriction, then the battery state of charge should 

be indicated by means of visual indicator/s. 

• Ifthe battery has been disconnected from the load because its state of charge is too 

low, then this is indicated by a red signal . 

• Ifthere is a risk that the battery will soon be disconnected from the load, then it 

should be indicated by a audio and visual indication . 

Installation and Maintenance 

• Support structures must be mounted to allow easy access for PV module cleaning and 

connection boxes inspection. 

• Support structures must be mounted such that their resistance to corrosion, fatigue 

and wind are preserved 

• If roof mounting is done, support structures should not be fixed onto roofing sheets, 

but to a roof beam or an integral part of the structure ofthe house The battery should 
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be placed in an easily accessible location (Note: access should normally be restricted, 

for example by means of a locked door). 

Flexibility 

Parallel connections of more than two batteries are not permitted . 

• Parallel connections of different batteries are not permitted. 

• Parallel connections of old and new batteries are not permitted . 
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