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Introduction 

Installations of solar photovoltaic systems have enjoyed a tremendous and steady growth for 
over a decade worldwide, addressing the need for renewable sources of energy.  

Solar PV systems are one of the top strategic solutions perfectly adapted to developing 
economies in order to meet the objectives of reducing emissions of greenhouse gases (GHG) 
related to energy production from burning fossil fuels. 

This guideline aims at establishing a common and general procedures to ensure safe and 
technically-sound implementation of PV plants.  

The theoretical and practical parts of the training are analyzed and linked with the skills and 
competences required to be developed. 

The topics covered in this guideline are mainly related to safety, protection, technical 
optimization, and design compliance to international standards and best-practices. 
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Chapter I  Solar System Applications 
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1.1 Basic of a Solar System 
The main input that enables solar panels to generate electricity is the sun radiation. In this module, we 
introduce the concept of converting energy from the sun into electricity. 

1.1.1 Solar Resource 
The main inputs that enables solar panels to generate electricity is the sun radiation. In this section 
trainers are introduced to the concept of converting energy from the sun into electricity. 

We call energy from the sun “renewable”, not because it can be refreshed or restored once burnt out, 
but because its supply is nearly endless. It has given us light on earth for more than 4,000 million years 
and will continue to brighten the lives of countless generations to come. Though it is terribly far away, it 
is also incredibly powerful and is the basis of all forms of life or energy on earth. 

Energy From the Sun 

• Solar energy is our earth's primary source 
of renewable energy. 
 

• Solar energy refers to rays from the sun 
(irradiation) that reach earth. This energy 
can be converted into heat and electricity 
using different technologies. 

Advantages of solar energy 

1. Solar energy is virtually limitless and will 
not be exhausted in the lifetime of any 
human. 
 

2. Technology used to convert sunlight into 
electricity does not produce smoke 
(carbon dioxide and other air pollutants) 
 

3. Harnessing the sun’s energy does not 
harm the environment. 

 

 

 

  

Figure 1 Sun Power 
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1.1.2 Irradiance and Insolation 
The term solar radiation refers to energy 
emitted by the sun, it consists mostly of 
radioactive energy and light. Solar radiation 
carry power and the unit for measuring 
power is watt (W). 

Solar radiation power is called irradiance, it 
includes direct, diffuse, and reflected 
radiation. However, the amount of power 
depends on the strength of the radiation 
and on the size of the surface it shines on. A 
larger surface receives more power, 
therefore irradiance is measured in watts 
per meter square (W/m2). 

Insolation (or irradiation) is a measure of solar energy. Energy is the impact of power for a period of 
time. 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝐾𝐾𝐾𝐾ℎ) = 𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸 (𝐾𝐾𝐾𝐾)𝑥𝑥 𝑡𝑡𝑡𝑡𝑡𝑡𝐸𝐸(ℎ) 

Solar energy is the product of solar power (irradiance) and time, therefore we measure it in Wh/m2 or in 
KWh/m2. 

 

 

 

 

Figure 2 Solar energy 
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Figure 4 Irradiance in a cloudy day  Figure 3 Irradiance in a sunny day 
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1.1.3 Solar Energy in Lebanon 

 

Figure 5 Lebanon GHI Map  



Solar Systems :: Vocational Training Manual page 9 of 137 
 

1.1.4 Solar PV System 
A solar PV system is a power system designed to supply usable solar power by means of photovoltaics. It 
consists of an arrangement of several components, including solar panels to absorb and convert sunlight 
into electricity, a solar inverter to change the electric current from DC to AC, as well as mounting, 
cabling, and other electrical accessories to set up a working system. 

 
Figure 6 solar system setup 

DC 

https://en.wikipedia.org/wiki/Power_system
https://en.wikipedia.org/wiki/Solar_power
https://en.wikipedia.org/wiki/Photovoltaics
https://en.wikipedia.org/wiki/Solar_panel
https://en.wikipedia.org/wiki/Solar_inverter
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1.2 Solar PV system Applications 
1.2.1 On Grid Solar system 
On Grid solar system also known as a grid-tie or grid-feed solar system are by far the most common and 
widely used by homes and businesses. These systems do not need batteries and use common solar 
inverters and are connected to the public electricity grid. 

The inverter converts the electricity generated by the solar system which is direct current (DC) into 
alternative current (AC) electricity so that the power generated is compatible with the public electricity 
grid.  

Most facilities with grid-connect solar systems use solar power first before sourcing electricity from the 
grid. When the panels are not producing electricity at night, electricity is supplied from the grid. 

Unlike hybrid systems, on-grid solar systems are not able to function or generate electricity during a 
blackout. 

 
Figure 7 Grid-Tied solar systems 

1.2.1.1 Equipment for On Grid solar system 
In addition to all electrical protection components and mechanical accessories, the main equipment’s 
that constitute an On Grid solar system are the below: 

1. Solar panels 
2. On Grid Inverter 
3. Energy Meter 

1.2.1.2 Diesel Hybrid solar system 
This type of systems applies to the facilities that use power from the utility grid and private diesel 
generator when the grid is not available. 

The PV system power is to be plugged into the existing grid, and exchange power with the grid when it is 
on (as described in section 1.2.1). When the grid is OFF, and the diesel generator takes on the load, the 
PV system output assists the generator to provide savings by reducing the load on the generator. In this 
case an intelligent management controller is needed to ensure that the amount of solar energy fed into 

https://www.cleanenergyreviews.info/blog/best-grid-connect-solar-inverters-sma-fronius-solaredge-abb
https://www.cleanenergyreviews.info/blog/best-grid-connect-solar-inverters-sma-fronius-solaredge-abb
https://www.cleanenergyreviews.info/blog/2014/8/14/what-is-hybrid-solar
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the system matches the demand at that time and to protect the diesel generator from reversed current. 
The controller always ensure that the diesel generator is working in an optimum matter by maintaining 
a minimum load level at the Genset, in order to always have enough spinning reserve in the system, and 
to also attain good power quality.  

 

1.2.2 Off Grid Solar system 
Off grid solar system also known as a standalone power system is designed to operate independently of 
the electrical grid. 

An off-grid solar system must be designed appropriately so that it will generate enough power 
throughout the year and have enough battery capacity to meet the home’s or facility requirements, 
even in the depths of winter when there is less sunlight. 

Solar energy produced by the solar panels are used by the charge controller to charge the batteries, the 
off grid inverter convert the energy stored in the batteries from DC to AC to cover the facility electricity 
needs. By saving the electricity in a solar battery, it is possible to run home with solar energy, even at 
night or during times when there is less sun exposure. 

An optional generator can be used as a backup source to cover the electricity needs during worst winter 
days when sun power is not available. 

Controller 
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Figure 8 Off Grid Solar systems 

1.2.2.1 Equipment for Off Grid Solar system 
Typical off-grid solar systems require the following extra components: 

1. Solar Panels 
2. Battery Bank 
3. Off Grid Inverter 
4. Charge Controller 

1.2.3 Hybrid Solar system 
In fact, the hybrid system can be consider as an on-grid system upgraded to include a battery backup, 
which can be charged by both the utility grid and the solar panels to provide uninterruptable power. 
Thus, in the event of an outage, the backup battery can be switched on to provide backup power to the 
facility. 

Energy from the sun is first stored in the batteries. Extra power is returned to the grid when the grid is 
available. When the grid is off, your facility gets power from the sun then from the batteries when 
needed.  

Hybrid systems are much more financially advantageous in terms of installation and operation as 
compared with the off-grid ones, due to the fact that they do not need backup generator and the 
capacity of the batteries can be downsized. 
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Figure 9 Hybrid solar systems 

1.2.3.1 Equipment for hybrid solar system 
Typical hybrid solar systems require the following main components: 

1. Solar Panels 
2. Battery Bank 
3. Hybrid Inverter 

1.2.4 Solar pumping system 
A solar pumping system is a particular type of solar systems, the concept behind systems like this is to 
allow pumps to run from solar power only during sunny days. A properly designed solar water pumping 
system will be efficient, simple and reliable. 

The output of the solar power system varies throughout the day and with changes in weather 
conditions. Using a solar pump drive, the direct current (DC) generated solar power is converted to 
alternative current (AC) power and used to drive various pumps directly. However, the output 
frequency will be relative to sunlight intensity. 

When driven by solar PV output, the pump starts at 50% of its rated power, and slowly increases 
production until it reaches rated power then slows down again towards the evening. 
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Figure 10 Solar pumping systems 

1.2.4.1 Equipment for solar pumping system 
Typical solar pumping systems require the following main components: 

1. Solar Panels 
2. Solar pump inverter 
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1.3 DC Coupling Vs AC Coupling 
The term coupling refers to point a point of connection. The majority of PV systems consist of two 
distinct electrical systems, DC and AC.  When these systems employ battery backup function, there are 
two points of connection that can be made with the output of the solar array.  The array can be 
connected to the DC side of the electrical system or to the AC side.  In either case a piece of equipment 
is needed to manage the PV array so as to extract the most energy from the array via maximum power 
point tracking (MPPT) as well as provide an efficient output of the harvested solar energy. 

As the term implies, DC-coupled systems are connected to the DC side of the PV system.  In these 
systems a charge controller manages the harvest potential of the array via MPPT as well as the output of 
the harvested solar energy.  The output of the charge controller is connected to the system’s battery 
bank where energy is stored for backup or off grid use.   

The battery bank is connected to a battery-based inverter which is responsible for inverting the DC 
current to AC current that can be consumed by AC loads on site.  When the utility goes offline harvested 
solar energy first flows to the battery bank through the charge controller and then to AC loads via the 
battery-based inverter. The flow of harvested solar energy in a DC-coupled system with reference to the 
PV array is then: 

PV Array --> Charge Controller --> Battery Bank <--> Battery-Based Inverter <--> AC Loads <--> Utility 

In AC-coupled systems the point of connection is on the AC side.  In this type of system the grid-tied 
inverter is responsible for managing the harvest potential of the array via MPPT as well as the output of 
the harvested solar energy. The output of the grid-tied inverter is connected to the site’s AC loads.  In 
most cases the site’s AC loads are separated into regular AC loads and critical AC loads.  The critical AC 
loads are those that will be powered when utility power is lost.  The backup portion of an AC-coupled 
system comes from the battery bank and a battery inverter that takes over for the grid during grid 
loss. The flow of harvested solar energy in an AC-coupled system with reference to the PV array is then: 

PV array --> Grid-Tied Inverter --> AC Loads <--> Battery-Based Inverter <--> Battery Bank 

  

 

  

https://www.civicsolar.com/support/installer/articles/whats-behind-mppt-algorithm
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• The sun is a primary source of renewable energy 
• Energy emitted by the sun is called radiation  
• Solar radiation carry power and the unit for measuring power is watt (W). 
• Solar radiation power is called irradiance, it includes direct, diffuse, and reflected 

radiation. 
• Irradiance is measured in watts per meter square (W/m2). 
• Insolation or Irradiation is the product of solar power  and time, therefore we 

measure it in Wh/m2 or in KWh/m2 
• Solar PV systems use energy produced from solar panels to supply electricity 
• Solar PV systems applications are: 

o On Grid systems: the DC generated solar power is converted to AC , and used 
to supply AC load among with the utility grid 

o Off Grid systems: the DC generated solar power is used to charge the 
batteries, a solar inverter convert DC power stored in the batteries to AC 
power to supply the load. 

o Hybrid systems: the DC generated solar power and the utility grid are used to 
charge the batteries, during black out the stored energy will be converted to 
AC power to supply the load. 

o Pumping systems: the DC generated solar power is used by the solar pump 
inverter to drive the pump with a frequency depending on solar power 
intensity 

Summary 
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2 Mechanical Aspect of PV installation 
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2.1 Workplace safely 
Accidents can happen during the installation of solar systems. This module provides necessary 
information to work safely during installation.  
2.1.1 Risks and danger 
When working with electrical equipment and appliances, the most immediate and obvious danger is 
electric shocks. Electric shock occurs when current flows through your body, offering a path of little 
resistance to the current while your body is connected to ground.  

Electric shocks occur when you work on live electric circuits. These shocks could be minor (when 
working with lower voltages) but could lead to other more serious injuries such as: 

1. Skin burn on affected areas 
2. Falling from a ladder when working at heights 
3. Loss of consciousness 

Another major risk associated with electrical installations is the outbreak of fire. This could occur if there 
is an electrical spark near a combustible substance. When connecting to a solar battery bank, for 
instance, a nearby bucket of petrol could lead to an explosion and subsequently fire. 

2.1.2 Personal Safety 
2.1.2.1 Safety Equipment 
This basic equipment is required to ensure the safety of installers while at work. PPE (personnel 
protective equipment) will protect the user against health or safety risks at work. It can includes items 
such as: 
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Table 1 Personnel protective equipment 

Item Description Figure 
Helmet hat For protection against falling 

objects 

Gloves To protect your hands from 
cuts and insulation 

Safety Harness To protect against falls when 
working at heights 

Safety Glasses Safety goggles for protecting 
the eyes against sparks and 
flints. 

Safety Boots Safety boots to protect the feet 
from impacts and for insulation. 
Always wear when working on 
site. 

First aid Kit Emergency first aid kit to treat 
injuries that may occur while at 
work. 

2.1.2.2 Rooftops and façade 
When working on rooftops and facades, it is important that maximum care is taken to avoid accidents. 
Whenever you work at a height more than two meters (2 m) above ground, you must you use fall 
protection. This could be a body harness. 

When working with a ladder: 

1. Ensure that the ladder you are using is a nonconductive ladder equipped with a non-slip base.
2. Ensure that there is ample space to set up the ladder.
3. Ensure you have a ladder in good condition and someone else to assist you
4. Always secure the ladder to a fixed position before climbing. If there is none, ensure there is

someone to hold the ladder.
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5. There should never be more than one person on a ladder at any given time. 
6. Always face the ladder; never climb up or down facing away from the ladder. 
7. Always use both hands when climbing up and down a ladder. 
8. Ensure that the ladder rests on a stable base. 
9. Ensure that the ladder is long enough to enable you reach the level at which you want to work. 
10. Never work while on the topmost four rungs of the ladder. 
11. Keep at least 3 meters away from any power lines. 
12. If you are using an extension ladder: 

a. Ensure that the top of the ladder extends up to 900 mm above the ladder support point.  
b. Ensure that the bottom of the overlap is at least three rungs away from the top of the 

base. 

2.1.3 Safety Symbols 
Site safety is a very important but often neglected aspect of installation. On a construction site, safety 
symbols are generally classified according to their colors. The colors used in safety signs are: 

Red – prohibited (never do these) 

For example, the symbol below tells you never to put out a fire with water. 

 

Yellow – hazard 

For example, the symbol below means that there are live electrical connections. 

 

 

 

 

A red sign signifies 
dangerous behavior. 
This behavior should be 
avoided at all costs. 

A yellow sign is a 
warning sign. It advises 
you to take extreme 
cautions. 
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Blue – compulsory (must be obeyed at all times) 

For example, the symbol below signifies that a safety helmet must be worn at all times. 

 

Green – no danger 

For example, the symbol below shows that there is a first aid box or clinic on site. 

 

2.1.4 Lifting 
In a solar system, equipment to be lifted includes: 

1. Solar panels 
2. Batteries 
3. Inverters 
4. Mounting systems 

Injuries associated with manual lifting of heavy loads are 
predominantly back-related. The worker could also sustain cuts if 
appropriate gloves are not worn.  

When lifting loads manually, keep in mind: 

• Never lift heavy loads by bending forward from your back. 
Bend your hips and knees to squat down to your load. Keep 
the load close to your body, and straighten your legs to lift. 

• Never lift a heavy object above shoulder level. 
• Avoid turning or twisting your body while lifting or holding a heavy object. 
• Keep a wide base of support. Make sure that your feet are spread apart for good balance. 

  

A blue sign indicates a 
specific behavior to be 
obeyed. 

It mostly refers to 
mandatory PPE. 

A green sign signifies that 
there is no danger. It 
mostly refers to 
opportunities to escape 
from or treat hazards. 
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2.2 PV system installation 
2.2.1 Site Preparation 
Before you begin with the installation of a solar system, you must prepare the site. Site preparation 
involves the following: 

• Confirm the location where the solar panels will be installed.
• Confirm that there is no shade on site which could interfere with the irradiance received by the

solar panel array. This could be trees, buildings or other man-made structures in the area such
as electricity poles.

• Other relevant issues such as clearance from the ground (if the solar panels will be ground
mounted) and slope (gradient) of the ground also need to be carefully considered.

• Prepare the installation diagram, this could be a single line diagram showing the
interconnections between system components.

2.2.2  Required tools 
Most damage to equipment during installation or operation happens because the technician or operator 
did not take the time to read the manuals properly. Every electrical component has different functions, 
switches, indicator lamps and connectors. Their functions must be studied before anything is connected. 
Many devices require a specific setup procedure for optimized system performance. 

Item Figure Item Figure 
Cordless drill Drill 

Extension 
cord 

Crimping 
tool 

Ladders Line’s man 
plier 
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Item Figure Item Figure 
Needle nose 
plier 

Wire Cutter 

Screw Driver 
set 

Rope 

Ratchet 
wrench 

Tape 
measure 

Hammer Cable Knife 

Clamp meter Spirit level 

2.2.3 Solar panel installation 
2.2.3.1 Tilt & Orientation  
The power from the solar panel is highest when sun faces the panel directly, However to generate 
maximum electricity from solar panels in Lebanon always position the panels so that they face south. In 
addition, the solar panels slope also affect the production, the optimum panels slope in Lebanon is 
around 27.9°. 

A non-ideal orientation (north, east west) could reduce the performance of the solar panels. 
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Figure 11 solar panels orientation 

The tilt angle of the PV systems also depends on the type of application. In Off-grid solar PV tilt angles 
are normally optimized for the worst sunlight months of the year. Generally speaking, the lower the sun 
is on the horizon in mid-winter, the steeper the optimum angle of tilt of the solar panels. Using the net 
metering policy in On-Grid PV systems the excess energy from the summer can be stored for use in the 
winter, However you are better off with a lower angle that gives you better yearly production.  

2.2.3.2 Handling  
Solar panels usually have an aluminum frame and are covered with strong glass that can withstand the 
impact of hailstones. However, care must be taken when modules are transported or lifted. 

Always remember: 

1. To prevent damage to the module, transport the modules in their original packaging until 
installation. 

2. Inappropriate transport and installation may break the module. 
3. Hard objects can strike the back of a module causing permanent damage. 
4. When one cell is broken, the whole solar panel is destroyed and unusable. 
5. Store solar panels in a cool, dry place. 
6. Protect solar panels against scratches and similar damage. 
7. Do not rest a solar panel unprotected on its edges as this can damage its frame. 
8. Ensure the solar panels do not bow under their own weight. 
9. Do not set the face of the solar panels down hard on any surface. 
10. Do not subject the face of the solar panels to mechanical stress. 
11. Do not stand on solar panels. 
12. Do not drop or place objects on the solar panels. 
13. Do not expose the solar panels to chemicals. 
14. Do not immerse solar panels in liquids. 
15. Do not install modules when it is raining. 
16. Do not drill holes in the frame. Do not cut or modify parts or rails of the solar panel. 
17. Completely cover solar panels with opaque materials when installing and wiring to halt the 

production of electricity. 
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18. Do not use chemicals on solar modules when cleaning. 
19. Do not touch cable electrical contacts. 

 

 

2.2.3.3 Mounting 
When using mounting materials for solar panels, follow these rules: 

• Choose durable, corrosion proof and UV-resistant material. 
• Make sure that mounting materials are adequately coated with anti-rust paint or thoroughly 

galvanized to prevent rusting 
• When installing the panel, make sure to provide for sufficient back ventilation. 
• Choose mounting materials that allow for strain-free expansion and contraction due to natural 

ambient temperature variations. 
• Ensure the long-term stability of the installation material and location. 
• Make sure the mounting structure can withstand wind and snow load depending on the site 

location (ex in Lebanon the mounting structure used should handle wind load for up to 120 
Km/hr) 

 

Figure 12 sufficient back ventilation of the solar panel 

During operation, solar panels get very hot, so it is important that you provide space for air to circulate 
below the panels. 

General installation requirements: 

The PV system on the roof is subjected to considerable forces caused by snow and, most of all, wind. 
Improper fastening of the PV system, particularly the panels, may cause significant damage to objects as 
well as personal injury. 

For this purpose, it is crucial to take the following safety rules into consideration when working with 
photovoltaic panels: 

• When installing a panel on a roof, ensure that it is securely fastened and cannot fall as a result of 
wind or snow loads 

• Ensure that the products you use are appropriate for the particular installation 
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• Make sure that the roof where you’ll be mounting your solar panels is strong enough to support
the array weight under building live load conditions

• Ensure that the lag screws have adequate pull-out strength and shear capacities as installed
• Do not work alone, always have at least one other person with you in case of accident or

emergency

Important information about mounting methods: 

• Before you begin, please check that all pats are included using the packing list and bill of
materials

• Observe all instructions and safety precautions included with the mounting system to be used
with the pane

• Modules must be securely attached to the mounting structure using four mounting points for
normal installation. If heavy wind or snow loads are anticipated, additional mounting points
should also be used.

• The module must be attached and supported by at least four bolts or clamps through the
indicated mounting holes.

• Fixation by hanger bolt
• Fixation by universal connector
• Fixation by additional weight (e.g. positioning walkways, etc.)
• Fixation by trapezoidal clamps (double-layer connection)
• Fixation by roof hooks (single or double-layer connection)

2.2.3.3.1 Flat roof PV systems 
Installing on flat concrete roof surfaces techniques can also be used for ground mounting. 
In this type of installation, a frame is built for the solar cells that tilts them up to an optional angle 
(usually 30 degrees) and faces the correct way. 

A. Components list

Table 2 Flat roof PV mounting system 

Item # Name Picture 
1 HD Rail 

2 End Clamp 
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Item # Name Picture 
3 Mid Clamp 

4 HD Rail Clamp 

5 Pre-assembled Leg 

6 HD Rail Splice Kit 

B. Installation Steps

Step 1: Unfasten the pre-assembled front leg, rear leg and connecting tube from the support structure. 
Fasten the base of the legs to the pre-prepared anchor bolts. 
Tighten anchor bolts to secure. (Refer to the pictures below) 

Figure 13 Pre-assembled Leg 
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Figure 14 Unfastened pre-assembled legs and connecting tube from the support structure 

 

Figure 15 Fastened legs’ base to the pre-prepared anchor bolts 
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Figure 16 Washer and nut fixing 

 

Figure 17 Tightened anchor bolts 

Step 2: Place the connecting tube within the rear leg’s stainless-steel base. 
Place the aluminum spacers on each side of the connecting tube and fasten with the supplied bolt and 
nut. 
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Figure 18 Tube connected to the rear leg’s base 

 

Figure 19 fastening the tube to the rear leg’s base 
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Figure 20 Connecting tube and rear leg’s base connected together 

 

Step 3: Repeat the above operation in accordance with the planned array layout. 
It is important to ensure that the beams are kept in line with each other. 

 

Figure 21 Installation of an array 

Step 4: Before installing the HD Rails, mark the position of the rails on the beam. 
To assist installers, the bottom rail clamps are pre-assembled in the recommended position. 
Adjust as required. 
L=Solar Panel Length. 



Solar Systems :: Vocational Training Manual page 32 of 137 
 

 
Figure 22 Pre-assembled bottom rail clamps 

Step 5: Place the HD on the Pre-assembled support, adjust the HD Rails to ensure that they are in line. 
Tighten both HD Rail Clamps to secure. 

 
Figure 23 Placing HD Rails on the pre-assembled support 
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Figure 24 HD Rails placed on the support 

 

 

Figure 25 Tightened HD Rail Clamps and Support 
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Figure 26 HD Rails in line 

Step 6: Place Solar Panels on the HD Rails. 

 
Figure 27 Placing of solar panels 
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Step 7: Use end clamps with, M8*25 Hexagon screws and fixing nuts to attach solar panels to the rails. 
Adjacent solar panels are attached by using mid clamps with M8 Hexagon screws. (The hexagon screw 
length is determined by the solar panel’s thickness). 

 
Figure 28 attaching solar panels to rails 

 
Figure 29 solar panels attached to rails 
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Figure 30 Adjacent solar panels connected together 

Step 8: Repeat steps until installation is completed. 

 
Figure 31 Total Solar panels installation 
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When mounting solar panels onto several rows, the distance between rows should be calculated 
carefully to avoid shading between adjacent rows which reduce the system performance. 

2.2.3.3.2 Tiled roof PV systems 
C. Components list 

Table 3 Tile roof PV mounting system 

Item # Name Picture 
1 Aluminum Rail  

2 End Clamp 

 
3 Mid Clamp 

 
4 Tile roof Hook  

5 L Feet 
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D. Installation Steps 

Step 1: Remove or slide the tile from the roof girder slightly, and place the roof hook on the wooden 
rafter (refer to the picture below), Fix the roof hooks using three wooden screws. Grind tile as required 
and replace. 

 

Figure 32 roof hooks on the wooden rafter 

 
Figure 33 Fixing roof hooks 

Step 2: Fix nut to connect the rail to the tile hook 
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Figure 34 connecting rails to tile hooks 

 
Figure 35 rails and tile hooks connected 

 

 

 

 

Step 3: Repeat the tile roof hook installation in accordance with the planned layout. 
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Figure 36 installation of tile roof hooks 

Step 4: place the solar panels on the rails  

 

Figure 37 placing of solar panels 

 

Step 5: using end clamps and fixing nuts attach solar panels to the rail. Adjacent solar panels are 
attached by using mid clamps. 
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Figure 38 attaching solar panels to rails 

 
Figure 39 solar panels attached to rails 
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Figure 40 adjacent solar panels connected together 

Step 6: Repeat steps until installation is complete 

 
Figure 41 solar panels installation 
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2.2.4 Inverter Installation 
2.2.4.1 Installation site requirements 
The inverter installation site environment has great influence to inverter’s operation safety, 
performance and lifetime. The inverter installation shall be implemented in proper installation site.  

1. All installations must be in accordance with local installation standards  
2. Do not install the inverter in inflammable or explosive places or where stores inflammable or 

explosive materials. 
3. Do not install the inverter in the places where have explosive danger. 
4. Do not install the inverter in the places where have lightning stroke danger. 
5. Make sure installation site is well-ventilated, do not install the inverter in sealed box, or else 

inverter will not work properly. 
6. When use outdoor installation, the inverter is recommended to install under the roof or a 

shielding to prevent direct sunshine, rain and snow as much as possible.  
7. When use indoor installation, the inverter is recommended to install far away from the window 

to prevent lightning stroke. 
8. The installation sites needs to be firm enough to hold the weight of inverter for a long time. 
9. Installation site needs to be clean and tidy, the ambient environment temperature should be 

kept in -20~+60.  
10. Ambient humidity should be less than 95%, due to water vapor can corrode the inverter and 

damage the internal components. 
11. Installation site should be convenient for data observation and maintenance. 
12. Do not install the inverter in living area to prevent noises to daily life. 

2.2.4.2 Inverter Installation steps 
1. Step1: In consideration of heat dissipation and convenient dismantlement, the minimum 

clearances around the inverter should be no less than the following value:  

 
2. Step 2: Fasten the inverter support plate on the wall. 
3. Step 3: Hang the mounting groove in inverter back on the support plate, when inverter is 

reliably hung up, fasten the screw nuts between the support plate and inverter. 

Always transfer the inverter in its original packaging, facing up without exposing it to unnecessary 
shocks and store the inverter in a dry place. The same requirement apply also for the charge controller. 
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2.2.5 General Notes 
• All electrical equipment, wiring and appliances shall be properly installed and maintained in a 

safe and approved manner 
• Ventilation openings help to maintain electrical component temperature inside enclosure within 

certain design limits 
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3 Off Grid Solar Photovoltaic Systems 
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An off Grid solar system consists of various components, each with a specific function. For technicians to 
successfully install home back-up systems that run on solar energy, they need to understand the 
importance of these components, their functions within the system, and how they are interconnected. 

As mentioned previously, an off grid solar system consist of the following main components: 
1. Solar panels 
2. Charge controller 
3. Battery Inverter 
4. Electrical protection equipment 
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3.1 Solar Panels 

 

Figure 42 solar panels from cell to array 

Solar panels absorbs the sun rays and convert them into electricity, a solar panel is a collection of solar 
cells, which can be used to generate electricity through photovoltaic effect. Depending on its size and 
required energy, several solar panels can be combined to meet an energy demand. Most solar panels 
are made up using crystalline silicon solar cells.  

 

Figure 43 how a solar panel work 

WHAT AFFECTS THE ENERGY OUTPUT? 
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There are a few factors that affect the energy output that can be obtained from a solar panel. 

1. Panel area: The larger the solar panel, the more electricity is produced. If you double the surface 
area of your panels, you also double the electricity output. 

2. Panel direction: To get the most electricity from a solar panel, it must be facing the sun. 
3. Heat: solar panels also work best when kept cool. The hotter the panel, the less power it 

provides. 
4. Brightness: the more sunlight that falls on the panel, the more electricity is produced.  
5. Shading: If there is shade on a panel, the electricity output falls greatly. 

Electricity generated from solar panels does suffer from a major issue: sunlight is not available for 24 
hours a day and the amount of solar energy that can be converted into electricity varies greatly 
depending on: 

1. Time of day 
2. Time of year 
3. Location 
4. Prevalent weather conditions. 

3.1.1 Type and Technologies 
There are three common silicon solar panel technologies available for commercial use. 

1. Monocrystalline: Monocrystalline solar panels are generally thought of as a premium solar 
product. The main advantages of monocrystalline panels are higher efficiencies. To make solar 
cells for monocrystalline solar panels, silicon is formed into bars and cut into wafers. These 
types of panels are called “monocrystalline” to indicate that the silicon used is single-crystal 
silicon. Because the cell is composed of a single crystal, the electrons that generate a flow of 
electricity have more room to move. As a result, monocrystalline panels are more efficient than 
their polycrystalline counterparts. 
 

2. Polycrystalline: Polycrystalline solar panels are also made from silicon. However, instead of 
using a single crystal of silicon, manufacturers melt many fragments of silicon together to form 
the wafers for the panel. Polycrystalline solar panels are also referred to as “multi-crystalline,” 
or many-crystal silicon. Because there are many crystals in each cell, there is to less freedom for 
the electrons to move. As a result, polycrystalline solar panels have lower efficiency ratings than 
monocrystalline panels. 
 

3. Thin film silicon: is a second generation solar cell that is made by depositing one or more thin 
layers, or thin film (TF) of photovoltaic material on a substrate, such as glass, plastic or metal. 
Thin-film solar cells are commercially used in several technologies and generally feature low 
efficiency. 

https://en.wikipedia.org/wiki/Solar_cell
https://en.wikipedia.org/wiki/Thin_film
https://en.wikipedia.org/wiki/Photovoltaic
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Figure 44 Monocrystalline (top left), polycrystalline (bottom left), thin film (right) solar panels types 

 

Table 4 solar panels efficiency range according to types 

Type Monocrystalline Polycrystalline Thin film 

Cell Efficiency 15-25% 13-17% 6-8% 

 

3.1.2 General Notes 
• Solar panels come in various sizes which are rated based on their output power in watts. 
• A label on the back of a solar panel indicates the output power. 
• The output power (W) of a solar panel can only be achieved under ideal conditions, that is, 

when the sun has a radiation power of 1,000 W/m² (at noon, no clouds) and at a panel 
temperature of 25°C). 

• A good quality crystalline solar panel can last more than 20 years. 

3.1.3 Rating of solar panels 
The electric power, voltage and current which are labelled on a solar panel are only achieved at 1,000 
W/m² irradiance and at a solar cell temperature of 25°C! Therefore, the rated power is often given as 
“Watt peak” (WP). A module which is rated 325 WP reaches its peak power output of 325W only under 
these specific conditions. If the irradiance is less than 1,000 W/m² or the temperature is above 25°C, 
then the module generates less power. 
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Figure 45 solar panel label 
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HOW TO MEASURE SOLAR PANEL PARAMETES? 

When a solar panel is manufactured, it is tested to ensure it meets the required standards. There are 
two important parameters to be considered during testing; 

1. The short-circuit current (ISC) is the current measured when the solar panel terminals (positive 
and negative) are connected together and there is no load. 

 
Figure 46 Short circuit current measurement 

2. The open-circuit voltage (VOC) is the voltage across the negative and positive terminals of the 
solar panel when it is not connected to any load. 

 
Figure 47 open circuit voltage measurement 

3.1.4 Solar Panel Array Connection 
Solar panels are connected to form arrays. When solar panels are connected to form an array, the total 
power for the array is the sum of the power rating of each individual solar panel. 

Interconnecting solar panels to form an array can be done in three different ways: 
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1. Series connections to increase the output voltage of the solar panel array, the output voltage is 
the sum of voltages on the individual solar panels. To connect solar panels in series, the positive 
terminal of a solar panel is connected to the negative terminal of the next solar panel in the 
array. 

2. Parallel connections to increase the output current of the solar panel array, this increased 
current is the sum of current on the individual solar panels. To connect solar panels in parallel, 
the positive terminal of a solar panel is connected to the positive terminal of the next solar 
panel in the array. 

3. Series-parallel connections to increase both the output voltage and the current of a solar panel 
array 

 

Figure 48 solar panels connected in series 

 

 
Figure 49 solar panels in series 

For example, you have three solar panels, each with 12 V and 9 A, connected in series. The output 
current and voltage of the array are then 36 V/9 A, respectively. 
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Figure 50 solar panels in parallel 

In this connection, three solar panels with 12 V and 9 A are connected in parallel. The output current 
and voltage are then 12 V/27 A, respectively. 

The solar panels connected together is series form a string, and all the parallel strings form the solar 
array. 

The string is defined by four electrical parameters: 

1. Open circuit voltage: Voc = Number of panels per string x Voc of each panel 
2. Nominal operating voltage Vmpp = Number of panels per string x Vmpp of each panel 
3. Short circuit current: Isc= Isc of each panel 
4. Nominal current: Imp = Imp of each panel 

For example, let’s say that we have eight (8) solar panels 325W per string of the type mentioned in the 
datasheet in section 3.1.3. 

Table 5 array sizing 

Parameters Per panel Per String 

VOC  46 V 368 V 

Vmpp 37.5 V 300 V 

Isc 9.20 A 9.20 A 

Imp 8.67 A 8.67 A 

Power (W) 325 2,600 

3.1.5 Mismatching 
If you connect solar panels that have different power ratings, the output power from the array will be 
much less than the sum of the power output of each module. How much power is lost depends on the 
type of connection, the difference between the modules and the operation mode. 
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Connecting modules with different electrical specifications is called mismatching, mismatching 
connections must be avoided as mostly a lot of the power output of the individual modules is lost. 

When modules with different currents are connected in series to a load then the module with the 
weaker current acts as a resistor or load in the circuit. The stronger module(s) generate current which 
flows through the circuit. This current is reduced due to the resistance of the weaker module and it 
creates a voltage drop over the weaker module. This voltage drop has a polarity in the opposite 
direction, therefore reducing the total voltage of the series connection of all modules. It also consumes 
power of the other modules. 

 
Figure 51 solar panels in different size connected in series 

In this example the voltage drop over the weaker module is 17 V. Therefore the total voltage of the 
circuit is: 2x20 V – 17 V = 23 V.  

When mismatched PV modules with different voltages are connected in parallel then the module with 
the lower voltage can act as a load in the circuit. If no load is connected to the circuit then the current of 
the modules with the higher voltage flows into the module with the lower voltage. If the current is high 
this can lead to damage of the module with the lower voltage. 
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Figure 52 Mismatch solar panels connected in parallel 

 



Solar Systems :: Vocational Training Manual page 57 of 137 
 

3.2 Inverter 
An inverter is an electrical device that converts direct current (DC) into alternating current (AC). The 
most electric appliances found in residences or facilities use AC power supply. 

 
Figure 53 Input and output side of an inverter 

On the input side the inverter is connected to the DC input power source, e.g. directly to the battery 
bank or solar array. The output side supplies AC power to the consumer. 

3.2.1.1 Battery Inverter 
• Battery inverters convert DC electricity from the battery to AC electricity which can then be used 

by AC electrical appliances. 
• Battery inverters come in various sizes rated in kVA. Their input voltages (system voltage) differ 

according to these sizes. 
• Inverters with a lower power output (i.e. below 1 kVA) usually use a lower battery voltage (24 V 

or below), while high power inverters usually need a higher battery voltage. 
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3.2.1.2 Output waveform 
There are three types of output waveforms found in most inverters. 

1. Square wave is the simplest and most basic. It is useful in only a handful of applications such as 
lighting.  

2. Pure sine wave inverters give an output that is very similar to the output waveform from the 
electrical grid. You must use this type of inverter if you have sensitive equipment such as many 
electronic devices connected to your system. 

3. Modified sine wave inverters are the midpoint between the square wave and pure sinewave 
inverters. Most household and small office equipment will run on this inverter type with no 
problems. 
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3.3 Charge controllers 
The charge controller regulates the power output from the solar panel array, which is used to charge the 
battery. This is done by managing the voltage delivered by the solar panel array to the battery. 

1. Charge controller are rated and sized by the solar module array current and system voltage. 
Most common are 12, 24 and 48 V controllers. 

2. The charge controller has four main functions 
a. To charge the batteries safely, quickly and completely. 
b. To protect the batteries from deep discharge, if the charge controller has a load 

controller function included. 
c. To protect the battery from overcharge. 
d. To prevent reverse current from the battery to the solar panels. 

3.3.1 Types of charge controllers 
There are two main technologies for charge controllers: 

A. Pulse width modulation (PWM), it is the most common charge controller type. Charging voltage 
of the battery is regulated to the required level by high frequency ON/OFF switching. This 
switching is done by the charge controller. 

B. Maximum power point tracking (MPPT) controllers, they allow the solar array to operate in the 
voltage range with an optimized power output, independent from battery voltage. MPPT 
devices can provide up to 30% more useable power. 

The difference between these two types of controllers is that the PWM is not as efficient the MPPT. The 
MPPT is the most common these days and can gain you up to 30% more power than the PWM 
controllers. The MPPT controllers also allow the strings of panels to be connected in series for higher 
voltages, keeping the amperage lower and the wire size smaller, especially for long-wire runs to the PV 
array.    
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3.4 Batteries 
A solar panel produces electricity during the daytime when the sun is shining. The panel cannot store 
energy. When electricity will be needed during the night, it must be stored, for example in batteries. 

There are two main types of batteries that are suitable for use with solar photovoltaic systems. 

1. Lithium-ion (li-ion) batteries are the most recent technology on the market. They are commonly 
found in high-end electronic equipment such as mobile phones and laptops. Relative to their 
size and weight, Li-ion batteries have a long lifespan and a high energy storage capacity. 
 

2. Lead-acid batteries are the most common battery used in solar systems. There is a large variety 
of manufacturers for this type of battery technology. Lead-acid batteries can be found in 
different voltage ranges, i.e. 2 V, 6 V, and 12 V.  
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3.4.1 Specifications 
• Batteries are storage devices for electric energy. Electric energy is measured in Wh or kWh. 
• Large batteries can store more energy than small batteries. 
• The size of a battery is expressed in its capacity (C). The unit is amp hour (Ah). 
• A 12 V battery with C = 100 Ah can store the electric energy of 1,200 Wh (12 V × 100 Ah = 1,200 

Wh). 

 

Figure 54 Battery 100 Ah 12V 

3.4.2 Charge level 
• The state of charge (SOC) describes the battery’s charge level, i.e. fully charged or empty. The 

unit of measurement is %. 
• A fully charged battery has a 100% SOC. 
• A half full battery has a 50% SOC. 
• An empty battery has a 0% SOC. 
• SOC can be determined by a voltage measurement, but is not always reliable. 

On a 12 V lead-acid battery, when you measure (at rest): 

Table 6 Lead Acid Battery SOC 

Voltage reading SOC 

12.9 V 100% 

12.7 V 75% 

12.5 V 50% 

12.3 V 25% 

12.1V 0% 
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3.4.3 Discharge level 
• Depth of discharge (DOD) Describes how much of the battery capacity is discharged by using it. 

The unit is %. 
• For example, if a 12 W DC light bulb is connected to the battery type in the Figure 54, the 

battery will draw a current of 1 ampere. If the bulb operates for 10 hours, it will discharge 10 Ah 
from the battery. Given a 100 Ah battery, this discharge is 10% of the battery capacity. The DOD 
will be 10%. 

• If the same bulb is operated for 50 hours, the DOD will be 50%. 

3.4.4 Battery Life 
Battery life is expressed in cycles, meaning a battery can be used for a certain number of cycles only. 
After that, it gets weak and loses its capacity (ability to store energy). For example, a 12 V/100 Ah 
battery which has been used for very many cycles might only have a remaining capacity of 50 Ah. This 
means it has become a “smaller” battery. The deeper you discharge the battery, the fewer cycles you 
will have over time. 

• Battery life depends on how often you discharge a battery and on the depth of discharge (DOD) 
• Battery life also depends on storage temperature 
• Every time you discharge a battery, you lose a bit of the battery’s lifetime 
• The process of discharging and recharging is called a cycle. 
• In solar systems, a cycle is usually one day, as the battery gets discharged at night and recharged 

during the day. 
• Discharging only 10% of the capacity (DOD = 10%) is a shallow cycle. Discharging 100% of the 

capacity (DOD = 100%) is a deep cycle. 
• Deep cycles are more harmful and shorten the battery life more than shallow cycles. 

Even when a battery is not used and just stored the lifetime is “consumed”. This is called the float or 
shelf life. The float life depends very much on the temperature at which it is stored and on its state of 
charge. A good quality gel battery can be stored up to 10 years at 20°C but only 6 years at 30°C. The SOC 
must always be maintained at 100% when storing which requires recharging every 3 to 4 months. 

3.4.5 Battery Bank Connection 
When batteries are interconnected to form a bank, the total voltage and capacity of the battery bank is 
dependent on whether batteries are connected in series or in parallel connections or both. There are 
three connection types. 

1. Series connections to increase the output voltage of the battery bank. 
2. Parallel connections to increase the output capacity of the battery bank. 
3. Series-parallel connections to increase the output voltage and capacity of the battery bank. 

Batteries in a battery bank must be of the same age, type, classification and capacity. 

3.4.5.1 Connecting batteries in series 
For example, if you have four batteries that are rated at 200 Ah/12 V and they are connected in series 
combinations, the total output power from the battery bank will be 48 V, 200 Ah. 
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Figure55 series connected batteries 

For batteries to be connected in series, the negative terminal of a battery must be connected to the 
positive terminal of the next battery. 

3.4.5.2 Connecting batteries in parallel 
For example, if you have four batteries that are rated at 200 Ah/12 V and they are connected in parallel 
combinations, the total output power from the battery bank will be 12 V, 800 Ah. 

 

Figure 56  parallel connected batteries 

To connect batteries in parallel, the negative terminal of a battery must be connected to the negative 
terminal of the next battery and the positive terminal to the next positive terminal. 
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3.5 Electrical protection devices 
3.5.1 DC Disconnect Switch 
For personnel and system safety and maintenance, you may consider installing disconnect switches 
which can isolate various system components. Disconnect switches installed between the solar array 
and the charge controller or battery inverter are advisable at DC voltages from 60 V and above to ensure 
safe installation and maintenance work. 

Disconnect switches must be made for DC switching and have an ampere rating in line with the 
maximum solar array current. 

 

 
Figure 57 DC Disconnect switch used to isolate solar array from charge controller/Battery inverter 

3.5.2 Fuses and Circuit Breakers 
An overcurrent protection is always needed when working on PV systems, however each PV string must 
be protected by a suitable DC fuse. 

A short circuit between two battery poles releases a very high current; the larger the capacity the higher 
the current. On a large battery, this can easily melt the wires and start a fire. Therefore, the battery or 
battery bank should be also protected with a suitable DC fuse.  

In the wiring between the inverter AC output and the electrical consumers: AC circuit breaker must be 
used to protect against overcurrent. 
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Figure 58 Battery Bank protected against overcurrent by a DC Fuse 

 

3.5.3 Surge protection 
The surge protection device (SPD) is a component of the electrical installation protection system. This 
device is connected in parallel on the power supply circuit of the loads that has to protect. 

SPD is designed to limit transient overvoltage of atmospheric origin and divert current waves to earth, 
so as to limit the amplitude of this overvoltage to a value that is not hazardous for the electrical 
installation. 

The photovoltaic installation can be exposed to overvoltage on different networks: 

1. AC network: surge protectors are necessary for the AC network on which the PV inverter is 
connected. 

2. DC network: surge protectors are necessary on the continuous network in between the modules 
and the inverter or charge controller. 
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Figure 59 Surge protection 
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3.6 How to connect off Grid Solar systems? 
3.6.1 Solar system circuit 
Solar power systems can typically be divided into the following circuits: 

• Solar source circuit: Interconnection between solar panels terminating at the PV combiner box. 
• Solar output circuit: Circuit between the combiner box and the DC disconnect which is used to 

isolate the solar panel array from the rest of the system. 
• Charge controller input circuit: Interconnection between the DC disconnect and the charge 

controller (solar panel array and battery bank). 
• Charge controller output circuit: Interconnection between the charge controller and the 

inverter. 
• Inverter output circuit: Interconnection between the inverter and the main distribution board. 

3.6.2 STEP BY STEP INSTALLATION 
Points to check before installation 

• The solar modules generate electricity when exposed to sunlight, so be careful not to short 
circuit the output cables. If shorted, the cables can become overheated and their cable 
sheaths can melt. 

• Stop working when the surface of the roof is wet. There is a danger of slipping, falling, and 
shock. 

 

Step1:  Read carefully the installation diagram that shows the interconnection between the system 
components 
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Step2: Prepare all necessary equipment and materials required to complete the installation (solar 
panels, battery bank, charge controller, etc.) as well as all mechanical tools listed previously. 

Step3: Determine and decide on the installation location of the system components and cable route. 

 

Step4: Install conduits along the planned cable route 
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Step5: Install cable inside conduit 

 

 

 

 Step6: Install components at the desired location 

 

Step7: Install solar panels mounting systems 
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Step8: Mount solar panels on structures at an appropriate angle (15°) and orientation (facing south). 

 

Step9: Connect solar panels according to desired series/parallel connection. There is a cable positive and 
a cable negative on the back side of each solar module. Connect the waterproof connectors on these 
cables, making sure to push the connectors all the way in. Be sure to always push the connectors all the 
way in. Loose connections can result in heat, burns, and other damage.   

 

 

On the first solar module, connect the positive home run cable to the positive array output cable, and 
connect the negative cable to the positive cable of the second solar module. On the second solar 
module, connect the negative cable to the positive cable of the third solar module. Continue until you 
have series connected the appropriate number of modules for the desired voltage. 

Step10: When you have made direct connections between the specified numbers of solar modules, use 
a digital multimeter to measure the voltage and current output of the array. Do this for each string, and 
record the measurement results.  

This information is needed to check for solar module wiring mistakes, and it will also be needed by the 
electrician who makes the connections to the inverter. 
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Step11: Organize the cables between solar modules. Bundle the cables so that they do not touch the 
roof. Protect the array output cables with conduit wherever they touch the roof or are exposed to direct 
sunlight. 

Step12: Connect batteries according to desired series/parallel connection. 

 

Step13: connect the output of the charge controller to the inverter. Ensure that the inverter output 
switch is in the “OFF” position 

 

Step14: Connect the inverter output to the home distribution board through a well sized circuit breaker. 
Take care to ensure that only relevant circuits are connected. Ensure that the breaker is in the “OFF” 
position, and connect the AC circuit to the AC surge protection. 
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Step15: Connect batteries to the charge controller through well sized DC fuses. 

 

 

Step16: Connect the solar panel array to the charge controller through a DC disconnect switch and 
connect the DC circuit to the DC Surge protection. 
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Step17: Power On the inverter, the charge controller and switch on the circuit breaker 
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4 Grid Connected Solar Systems 
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A Grid connected system consist of solar panels, on grid inverter as well as electrical protection 
equipment. For technicians to successfully install home grid connected systems that run on solar energy, 
they need to understand the importance of these components, their functions within the system, and 
how they are interconnected.  

As mentioned previously, an on grid solar system consist of the following main components: 
1. Solar panels (Described in 3) 
2. On Grid Inverter 
3. Electrical protection equipment (Described in 3) 
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4.1 On Grid Inverter 
• Grid-tie inverters convert DC electricity from the solar panel to AC electricity which can then be 

used by AC electrical appliances. 
• Grid-tie inverters come in various sizes rated in kW to match the power output from the solar 

array. 
• Grid-tie inverters supply electricity directly to the end user and are unable to charge batteries. 
• Grid-tie inverters cannot function as standalone equipment without a connection to the grid, a 

battery inverter or a generator. 

 

Please note that the inverter includes safety protection devices, which will isolate your solar system, 
should the grid voltage or frequency fall outside a specific range. This feature protects the inverter from 
grid spike or surges and also protects the grid line workers who may periodically need to carry out 
maintenance work on nearby power lines. 
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4.2 How to connect Grid connected Solar systems? 
4.2.1 Solar system circuit 
Solar power systems can typically be divided into the following circuits: 

• Solar source circuit: Interconnection between solar panels terminating at the PV combiner box. 
• Solar output circuit: Circuit between the combiner box and the DC disconnect which is used to 

isolate the solar panel array from the rest of the system. 
• On Grid inverter input circuit: Interconnection between the DC disconnect and the inverter. 
• On Grid inverter output circuit: Interconnection between the inverter and the main distribution 

board connected to the utility grid. 

4.2.2 STEP BY STEP INSTALLATION 
Points to check before installation 

• The solar modules generate electricity when exposed to sunlight, so be careful not to short 
circuit the output cables. If shorted, the cables can become overheated and their cable 
sheaths can melt. 

• Stop working when the surface of the roof is wet. There is a danger of slipping, falling, and 
shock. 

 

Step1:  Read carefully the installation diagram that shows the interconnection between the system 
components 
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Step2: Prepare all necessary equipment and materials required to complete the installation (solar 
panels, inverter, electrical protection equipment, etc...) as well as all mechanical tools listed previously. 

Step3: Determine and decide on the installation location of the system components and cable route. 

Step4: Install conduits along the planned cable route 

Step5: Install cable inside conduit 

Step6: Install components at the desired location 

Step7: Install solar panels mounting systems 

Step8: Mount solar panels on structures at an appropriate angle (15°) and orientation (facing south). 

Step9: Connect solar panels according to desired series/parallel connection. There is a cable positive and 
a cable negative on the back side of each solar module. Connect the waterproof connectors on these 
cables, making sure to push the connectors all the way in. Be sure to always push the connectors all the 
way in. Loose connections can result in heat, burns, and other damage.   

 

 

 

On the first solar module, connect the positive home run cable to the positive array output cable, and 
connect the negative cable to the positive cable of the second solar module. On the second solar 
module, connect the negative cable to the positive cable of the third solar module. Continue until you 
have series connected the appropriate number of modules for the desired voltage. 

Step10: When you have made direct connections between the specified numbers of solar modules, use 
a digital multimeter to measure the voltage and current output of the array. Do this for each string, and 
record the measurement results.  

This information is needed to check for solar module wiring mistakes, and it will also be needed by the 
electrician who makes the connections to the inverter. 
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Step11: Organize the cables between solar modules. Bundle the cables so that they do not touch the 
roof. Protect the array output cables with conduit wherever they touch the roof or are exposed to direct 
sunlight. 

 

Step12: check the grid utility voltage at the connection point using a multimeter and connect the 
inverter output to the home distribution board through a well sized circuit breaker. Take care to ensure 
that only relevant circuits are connected. Ensure that the breaker is in the “OFF” position, and connect 
the AC circuit to the AC surge protection. 

 

Step13: Connect the solar panel array to the inverter through a DC disconnect switch and connect the 
DC circuit to the DC Surge protection. Make sure that the DC disconnect switch is in off position. 

Step14: Turn On the DC Disconnect switch and the circuit breaker 

 

 

 

  



Solar Systems :: Vocational Training Manual page 82 of 137 
 

  

5 Site Visit 
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6 Hybrid PV Systems 
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A hybrid PV system consist of solar panels, hybrid inverter, batteries as well as electrical protection 
equipment. For technicians to successfully install home hybrid PV systems that run on solar energy, they 
need to understand the importance of these components, their functions within the system, and how 
they are interconnected.  

As mentioned previously, an on grid solar system consist of the following main components: 
1. Solar panels (Described in 3) 
2. Hybrid Inverter 
3. Battery Bank (Described in 3) 
4. Electrical protection equipment (Described in 3) 
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6.1 Hybrid Inverter 
• A hybrid inverter combine a Grid tie inverter and battery inverter  
• The inverter functions with a battery bank, but also connected to the grid. This dual functionality 

is the highlight of hybrid inverters that hence enable energy management  
• A hybrid inverter use solar power produced and the utility grid to charge the batteries and to 

supply the AC electrical appliances 
•  When utility grid is not available, the hybrid inverter use the energy stored in the batteries to 

supply the load 
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6.2 How to connect Hybrid solar systems? 
6.2.1 Solar system circuit 
Solar power systems can typically be divided into the following circuits: 

• Solar source circuit: Interconnection between solar panels terminating at the PV combiner box. 
• Solar output circuit: Circuit between the combiner box and the DC disconnect switch which is 

used to isolate the solar panel array from the rest of the system. 
• Hybrid inverter input circuit: Interconnection between the DC disconnect switch and the hybrid 

inverter. 
• Battery bank circuit: interconnection between the battery bank and the hybrid inverter 
• Hybrid Inverter output circuit: Interconnection between the inverter and the main distribution 

board connected to the utility grid. 

6.2.2 STEP BY STEP INSTALLATION 
Points to check before installation 

• The solar modules generate electricity when exposed to sunlight, so be careful not to short 
circuit the output cables. If shorted, the cables can become overheated and their cable 
sheaths can melt. 

• Stop working when the surface of the roof is wet. There is a danger of slipping, falling, and 
shock. 

 

Step1:  Read carefully the installation diagram that shows the interconnection between the system 
components 
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Step2: Prepare all necessary equipment and materials required to complete the installation (solar 
panels, battery bank, charge controller, etc.) as well as all mechanical tools listed previously. 

Step3: Determine and decide on the installation location of the system components and cable route. 

Step4: Install conduits along the planned cable route 

Step5: Install cable inside conduit 

Step6: Install components at the desired location 

Step7: Install solar panels mounting systems 

 

Step8: Mount solar panels on structures at an appropriate angle (15°) and orientation (facing south). 

Step9: Connect solar panels according to desired series/parallel connection. There is a cable positive and 
a cable negative on the back side of each solar module. Connect the waterproof connectors on these 
cables, making sure to push the connectors all the way in. Be sure to always push the connectors all the 
way in. Loose connections can result in heat, burns, and other damage.   

 

 

On the first solar module, connect the positive home run cable to the positive array output cable, and 
connect the negative cable to the positive cable of the second solar module. On the second solar 
module, connect the negative cable to the positive cable of the third solar module. Continue until you 
have series connected the appropriate number of modules for the desired voltage. 

Step10: When you have made direct connections between the specified numbers of solar modules, use 
a digital multimeter to measure the voltage and current output of the array. Do this for each string, and 
record the measurement results.  

This information is needed to check for solar module wiring mistakes, and it will also be needed by the 
electrician who makes the connections to the inverter. 
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Step11: Organize the cables between solar modules. Bundle the cables so that they do not touch the 
roof. Protect the array output cables with conduit wherever they touch the roof or are exposed to direct 
sunlight. 

Step12: Connect batteries according to desired series/parallel connection. 

 

Step13: Connect the inverter output to the home distribution board through a well sized circuit breaker. 
Take care to ensure that only relevant circuits are connected. Ensure that the breaker is in the “OFF” 
position, and connect the AC circuit to the AC surge protection. 

Step14: Connect the battery bank to the hybrid inverter through well sized DC fuses. 

Step15: Connect the solar panel array to the hybrid inverter through a DC disconnect switch and 
connect the DC circuit to the DC Surge protection. 

Step16: Power On the DC Disconnect switch and the circuit breaker 
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7 Solar Pumping PV systems 
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A solar pumping PV system consist of solar panels, solar pump inverter, as well as electrical protection 
equipment. For technicians to successfully install solar pump PV systems that run on solar energy, they 
need to understand the importance of these components, their functions within the system, and how 
they are interconnected.  

As mentioned previously, a solar pumping system consist of the following main components: 
1. Solar panels (Described in 3) 
2. Solar pump inverter 
3. Electrical protection equipment (Described in 3) 
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7.1 Solar pump Inverter 
• A variable frequency drive convert DC electricity from solar system to AC electricity and supply 

the AC pump connected to its output 
• Solar pump inverter come in various sizes rated in KW and should be selected carefully to match 

the pump size 
• The output frequency of the solar pump inverter depends on the solar power 
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7.2 How to connect solar pumping systems? 
7.2.1 Solar system circuit 
Solar power systems can typically be divided into the following circuits: 

• Solar source circuit: Interconnection between solar panels terminating at the PV combiner box. 
• Solar output circuit: Circuit between the combiner box and the DC disconnect which is used to 

isolate the solar panel array from the rest of the system. 
• Solar pump inverter input circuit: Interconnection between the DC disconnect and the inverter. 
• Solar pump inverter output circuit: Interconnection between the inverter and the pump. 

7.2.2 STEP BY STEP INSTALLATION 
Points to check before installation 

• The solar modules generate electricity when exposed to sunlight, so be careful not to short 
circuit the output cables. If shorted, the cables can become overheated and their cable 
sheaths can melt. 

• Stop working when the surface of the roof is wet. There is a danger of slipping, falling, and 
shock. 

 

Step1:  Read carefully the installation diagram that shows the interconnection between the system 
components 
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Step2: Prepare all necessary equipment and materials required to complete the installation (solar 
panels, inverter, electrical protection equipment, etc...) as well as all mechanical tools listed previously. 

Step3: Determine and decide on the installation location of the system components and cable route. 

Step4: Install conduits along the planned cable route 

Step5: Install cable inside conduit 

Step6: Install components at the desired location 

Step7: Install solar panels mounting systems 

Step8: Mount solar panels on structures at an appropriate angle (15°) and orientation (facing south). 

Step9: Connect solar panels according to desired series/parallel connection. There is a cable positive and 
a cable negative on the back side of each solar module. Connect the waterproof connectors on these 
cables, making sure to push the connectors all the way in. Be sure to always push the connectors all the 
way in. Loose connections can result in heat, burns, and other damage.   

 

 

 

On the first solar module, connect the positive home run cable to the positive array output cable, and 
connect the negative cable to the positive cable of the second solar module. On the second solar 
module, connect the negative cable to the positive cable of the third solar module. Continue until you 
have series connected the appropriate number of modules for the desired voltage. 

Step10: When you have made direct connections between the specified numbers of solar modules, use 
a digital multimeter to measure the voltage and current output of the array. Do this for each string, and 
record the measurement results.  

This information is needed to check for solar module wiring mistakes, and it will also be needed by the 
electrician who makes the connections to the inverter. 
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Step11: Organize the cables between solar modules. Bundle the cables so that they do not touch the 
roof. Protect the array output cables with conduit wherever they touch the roof or are exposed to direct 
sunlight. 

 

Step12: Connect the inverter output to the pump through a well sized circuit breaker. Ensure that the 
breaker is in the “OFF” position, and connect the AC circuit to the AC surge protection. 

Step13: Connect the solar panel array to the solar pump inverter through a DC disconnect switch and 
connect the DC circuit to the DC Surge protection. 

Step14: Power On the DC Disconnect switch and the circuit breaker 
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8 Site Visit 



Solar Systems :: Vocational Training Manual page 97 of 137 
 

  

9 Commissioning Procedure 
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9.1 Commissioning PV systems 
Commissioning of PV systems involves visual observations as well as tests and measurements to verify 
the safe and proper operation of the system. Commissioning is performed immediately after PV 
installations are completed, prior to being operated and put into service for the first time. A thorough 
commissioning process helps improve safety and quality control, provides verification the installation 
matches the plans and code requirements, and is performing as expected. Some of the tests conducted 
during commissioning may be repeated during periodic routine maintenance to help ensure that the 
system remains in a satisfactory operating condition over its lifetime. 

Key steps of a PV system commissioning procedure typically include: 

1. Completing final installation details 
2. Completing visual inspections 
3. Conducting electrical verification tests 
4. Verifying system functionality including start-up, operations, shut-down and emergency 

procedures. 
5. Verifying system power output and energy production meet performance expectations 

9.1.1 Final installation details 
A final checkout confirms that the installation is complete before conducting any testing and beginning 
operations. With the exception of the PV array, all circuits should be de-energized wherever possible in 
preparation for system testing. A punch list can be used to help check off items as they are completed, 
and typically includes the following items: 

• Verifying that all structural and electrical components are properly installed and secured. 
• Verifying that all components are installed in a neat and workmanlike manner, including wire 

management practices. 
• Verifying proper connections and terminations, including terminal torque specifications. 
• Verifying that all required system and equipment labels, marking and placards are correct and in 

the proper locations. 
• Verifying that all disconnects are open, fuses are removed  
• Identifying and completing any unresolved items. 
• Completing site clean-up and restoring site to original conditions. 

9.1.2 Visual Inspection 
Visual inspections of PV systems should be performed as part of commissioning and routinely over the 
system lifetime to verify and ensure that the system remains in a safe and properly functioning 
condition. There are many areas to evaluate with visual inspections, with the frequency and level of 
detail depending on the type and size of the system involved. Visual inspections are supplemented with 
other observations, test measurements and performance data to fully evaluate the safety and condition 
of PV systems.  

Initial inspections are primarily used to identify unfinished installation details and verify compliance with 
the applicable code requirements. Visual inspections conducted after installation during periodic routine 
maintenance tend to look for physical damage or degradation of equipment from temperature 
extremes, moisture or other environmental conditions. 
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9.1.3 System testing and measurements 
PV systems should be thoroughly tested at the time of commissioning and periodically over their 
lifetime to ensure proper performance and safe operation. Baseline measurements at the time of 
system commissioning are compared to the system ratings and expectations for acceptance, and serve 
as a baseline for comparison with future measurements. Changes in test results over time are used to 
track system degradation, and identify problems that require attention or service for safety or 
performance reasons. Circuits or components that are modified or replaced should be retested 
accordingly. 

There are several types of electrical tests conducted on PV systems that are used to verify system 
performance. The following summarizes common types of testing conducted on PV systems what 
information it provides: 

• Continuity and resistance testing: Verifies the integrity of grounding and bonding systems, 
conductors, connections and other terminations. 

• Polarity testing: verifies the correct polarity for PV dc circuits, and proper terminations for dc 
utilization equipment. 

• Voltage and current testing verifies that PV array and system operating parameters are within 
specifications. 

• Insulation resistance testing verifies the integrity of wiring and equipment, and used to detect 
degradation and faults to wiring insulation. 

• Performance testing verifies the system power and energy output are consistent with 
expectations. These tests also require measurements of array temperature and solar irradiance. 

For stand-alone or hybrid PV systems incorporating energy storage and additional energy sources, the 
following additional tests may be conducted: 

• Measurements of battery voltage, capacity and specific gravity. 
• Verification of charge controller set points and temperature compensation. 
• Verification of charging current and load control functions. 
• Verification of performance and wiring integrity for other sources, such as generators. 

9.1.4  System functionality testing 
System functional testing verifies proper system operation, including start-up, shut-down and nominal 
operating conditions. These tests confirm that system operating parameters are within expected and 
nominal limits, but are not intended to verify system ratings in accordance with specifications or 
warranty provisions. Additional detailed testing, using additional measurements and normalizing data 
are required to verify performance with system ratings. 

System functional tests ensure that the system starts and operates properly, and can be safely 
disconnected. Among the types of functional tests conducted on PV systems include: 

• Verifying the proper operation of disconnecting means and component connection and 
disconnection sequences. 

• Verify that interactive inverters and ac modules de-energize their output to utility grid upon loss 
of grid voltage. This is a safety requirement to prevent interactive inverters from operating as an 
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islanded electrical system without voltage or frequency control, and preventing them back 
feeding de-energized electrical systems. 

• Verify that interactive inverters automatically reconnect to their output to the grid once the 
voltage has been restored for at least 5 minutes. 

• Verify the proper grid voltage and frequency to operate inverters, including evaluating voltage 
drop between the inverter ac output and point of connection to the grid. 

9.1.5 System performance testing 
PV systems are designed to produce a specified electrical output under certain operating conditions. 
Performance testing verifies the system power output and energy production are as expected, based on 
component and system ratings and the given operating conditions. Performance data can also help 
identify problems that require service or maintenance, and may also be used for determining system 
financial revenues and warranty provisions. 

1. Verifying power and energy production 
2. Verifying AC output power 
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10 Rating of Electrical Components 
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10.1 Electricity basics 
Voltage (V): the potential difference in electrical charge between two points measured in volts and the 
degree of strengths of electricity, the unit is Volt V. 

Current (I): the flow of electrons in a circuit/wire between two points measured in amperes. 
There are two types of current: 

1. Alternating Current (AC): is the type of current most commonly used in households to power 
electrical appliances (for example TVs, refrigerators, radios and computers). Grid supplied 
electricity is alternating current. 

2. Direct Current (DC) is produced by PV modules and stored in batteries. 

 

 

The unit is ampere (A). 

Resistance (R): the opposition to the flow of electrical current in the material through which it is passing 
measured in ohms the potential difference in electrical charge between two points measured in volts. 

Power (P): the rate of energy conversion measured in watts. 

Energy (E): refers to the capacity for work i.e. the power used over time, measured in watt-hours. 
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10.1.1 Electrical circuits 
Loads and power sources in a circuit can be connected in series or parallel. Systems may use a mix of 
series and parallel wiring to achieve the required voltages and amperages. 

 

10.1.2 Ohm’s law 

 

10.1.3 Power law 
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10.2 Electrical Cables 
10.2.1 Rules for wiring 

1. Never use longer wires than you really need. Wires should be kept as short as possible. 
2. Always use the right cable for the job. 
3. Ensure that cables are properly terminated and well insulated. 
4. Never twist wires together. Always use connectors. 
5. Ensure that all cables used follow the correct wire coding for AC and DC systems 

10.2.2 Voltage drop 
• Voltage drop is a power loss in cable: 

𝑉𝑉𝑃𝑃𝑉𝑉𝑡𝑡𝑉𝑉𝐸𝐸𝐸𝐸 𝑑𝑑𝐸𝐸𝑃𝑃𝑑𝑑 (𝐷𝐷𝑉𝑉) = 𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 (𝐴𝐴) 𝑥𝑥 𝐶𝐶𝑉𝑉𝐶𝐶𝑉𝑉𝐸𝐸 𝐸𝐸𝐸𝐸𝑟𝑟𝑡𝑡𝑟𝑟𝑡𝑡𝑉𝑉𝐸𝐸𝑟𝑟𝐸𝐸 (𝑃𝑃ℎ𝑡𝑡𝑟𝑟) 

• Cable resistance is determined by size and length 
• To reduce voltage drop 

o Use of thicker cable 
o Minimize the cable length 
o Use of higher system voltage to reduce current 

• Voltage drop is critical in low voltage systems 

10.2.2.1 Calculation 

 

10.2.2.2 Measuring 
Voltage drop testing is important because high resistance can prevent proper circuit operation. Circuits 
with high current draw cannot tolerate high resistance. 

1. Connect the positive test lead of a Digital multi meter to the power source.  
2. Connect the negative test lead to the other end of the wire for the circuit being tested (point A).  
3. Operate the circuit and observe the meter voltage.  
4. The meter will display the difference in voltage between the two points.  
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10.3 Rating of Electrical protection equipment 
The detailed functionality of each of the electrical protection equipment in solar systems is described in 
section 3.5.  In this section, we discuss the rating of these equipment and how to choose the right 
device. 

Every electrical components is rated by two main parameters his isolation voltage (V) and operating 
current (A).  

Table 7 rating of electrical protection equipment 

Device Function Specifications 

Fuse  To protect against 
overcurrent 

1. Rated insulation voltage > String open circuit voltage 
(Voc /string) 

2. Rated current: 1.25 x string operating current 
(Impp/string) 

DC Disconnect 
switch 

To isolate the solar 
PV array 

1. Rated insulation voltage > String open circuit voltage 
(Voc /string) 

2. Rated current: 1.25 x total sum of all combined 
strings operating current (Impp/string1 + 
Impp/string2 + …. ) 

3. Rated for DC applications 

AC Circuit 
Breaker 

To protect against 
overcurrent 

1. Rated voltage according the grid/load specifications 
2. Rated current: 1.25 x inverter maximum output 

current (A) 

DC Surge 
protection 

To protect against 
overvoltage 

1. Rated insulation voltage > String open circuit voltage 
(Voc /string) 

2. Rated for DC applications 

AC Surge 
protection 

To protect against 
overvoltage 

1. Rated voltage according the grid/load specifications 
2. Rated for AC applications 

However, some PV systems require a lightning protection to minimize damage to electrical installations 
due to direct strike or induced overvoltage (indirect strikes). 
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11 Grounding 
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Equipment grounding can be used for protection from dangerous voltages due to faulty equipment. It 
also helps to protect equipment from dangerous voltages in case of lightning strikes. 

Purpose of an earthing system: 

1. Provides safety for persons and animals 
2. Protects the installation and equipment 
3. Enhances quality of signal (reduced electromagnetic distortion) 
4. Provides a fixed reference  

11.1.1 Reasons and type of Grounding 
Equipment grounding means connecting all metal bodies of the equipment together and to the ground 
electrode. These bodies include solar panel frames, inverter and charge controller housings, metal 
junction boxes, as well as potential electrode (PE) conductors on the AC side of the installation. 

Grounding ensures that the metal parts of all system components are on the same voltage and zero 
potential to earth. Hence, in the event of a lightning strike, current flow through the equipment, which 
could cause damage or injuries, is not possible. 

 
Figure 60 grounding of off grid solar systems 

System grounding, by contrast means connecting either the positive or the negative wire of the battery 
to ground. System grounding is necessary when manufacturers demand it for the proper function of 
their equipment. Certain types of solar panels must be negatively grounded; otherwise they lose power 
output due to the accumulation of electrostatic charge. Also, some personal protective devices such as 
DC surge protection will not function without system grounding. 
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Grounding only one of the DC poles increases the risk of electric shock during installation and 
maintenance work on the solar system. 

 

Figure 61 grounding of solar panels frame 

 
Figure 62 connecting solar system to the ground electrode 
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11.1.1.1 Types of earth electrode installation methods 
An earth system is specified by his resistance, a well-designed earth system should have a resistance 
below 5 ohms. 

Table 8 type of eath electrode 

Buried ring earthing: a very effective method of 
obtaining a low resistance earth connection is to 
burry a conductor in the form of a closed loop in 
the soil at the bottom of the excavation. 
 
This solution is strongly recommended, 
particularly in the case of a new building 

 
Earthing rods: Vertically driven earthing rods are 
often used for existing buildings, and for 
improving (i.e. reducing the resistance of) existing 
earth electrodes. 
The rods may be: 

• Copper or (more commonly) copper-clad 
steel. The latter are generally 1 or 2 
meters long and provided with screwed 
ends and sockets in order to reach 
considerable depths. 

• Galvanized steel pipe ≥ 25 mm diameter 
or rod ≥ 15 mm diameter, ≥ 2 meters 
long in each case. 

 

 

Vertical plates: Rectangular plates, each side of 
which must be ≥ 0.5 meters, are commonly used 
as earth electrodes, being buried in a vertical 
plane such that the center of the plate is at least 
1 meter below the surface of the soil. 
The plates may be: 

• Copper of 2 mm thickness 
• Galvanized steel of 3 mm thickness 
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11.1.2 Factors to consider at the design stage 
• Soil humidity (reduces earthing resistance) 
• Earthing enhancing devices reduce soil resistance 
• Buried electricity and gas installations require security distances 
• Buried pipes and water tanks shall be bonded equipotentially with earth termination 
• Fault current can be transmitted to persons and animals, presenting a high risk through both 

direct and indirect contact 

 
Figure 63 direct and indirect contact 

11.1.3 Earth resistance measurement 
Resistance to earth can be measured empirically using an ammeter. The installation should have 
removable links that allow the earth electrode to be isolated from the installation, so periodic tests can 
be carried out. 

 

Figure 64 measurement of the resistance to earth of the earth electrode of an installation by means of an ammeter 
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12 Maintenance and Troubleshooting 
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Once you have completed the installation of a solar system, it is important to ensure that the system is 
adequately and periodically maintained to minimize the possibility of failure. In the event of a failure, it 
is the responsibility of the installer to provide and implement solutions to restore proper functioning. 
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12.1 Battery Maintenance 
To extend the useful life of your system, you MUST carry out proper maintenance! Fortunately, when 
compared to the petrol/diesel generator, solar systems require very little maintenance. 

A visual inspection should be carried out once a month to assess the general condition of the battery 
bank. Be on the lookout for: 

1. Corrosion at the battery terminals 
2. Signs of melting on the battery casing 
3. Signs of electrolyte leaks 
4. Electrolyte level (on flooded batteries) 

Battery maintenance is the most important of all maintenance activities. Poor battery maintenance 
could lead to system failure or, even worse, bodily harm. 

Battery maintenance should be done monthly: 

1. Always wear safety goggles. 
2. Wear gloves for insulation and to prevent contact with battery acid. 
3. Always use tools with insulated handles. 
4. Use a metal file/sand paper to remove corrosion from the battery terminals. 
5. Check connections for tightness. 
6. Clean all battery surfaces by removing all dirt and humidity. 
7. Check the electrolyte level on flooded batteries. 
8. Bring old batteries to recycling; never dispose of them with normal waste or by leaving them 

outside (in nature). 
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Figure 65 battery maintenance 

On flooded batteries, the electrolyte level can be checked by opening the caps or by looking in from the 
side if the housing is transparent. The level must completely cover the separators but remain below the 
edge of the caps (read battery manual). The separators should never be exposed to air or remain dry.  

If a refill is required, use distilled water only – no tap water or battery acid! 

12.1.1 CHECK BATTERY VOLTAGE 
The most convenient way to determine the state of charge (SoC) and health of the battery is by 
measuring the voltage across a battery. 

Voltage is measured using a voltmeter. The voltmeter should be connected across the negative and 
positive terminals of the battery. Voltage is measured using a voltmeter. The voltmeter should be 
connected across the negative and positive terminals of the battery. 
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12.2 Solar panel maintenance 
Table 9 solar panel maintenance 

1. Inspect the condition of the array 
mounting structures annually. Bolts 
and frames used to fasten the solar 
panels should be visually inspected 
for rusting. Also make sure they are 
firmly secured. Check for attempts 
of theft. 

 

2. Inspect the solar panels visually for 
signs of mechanical damage. Be on 
the lookout for: 

o Cracks 
o Delamination 
o Chipping 
o Corrosion 
o Discoloration and Any other 

mechanical defects 
These effects should be noted and 
the solar panel array output 
monitored. If there is a notable 
reduction in the output of the solar 
panel array, the affected solar 
panels should be replaced with 
similarly rated solar panels. 

 

3. Clean the collector surface of the 
solar panel. Solar panels should be 
cleaned according to the weather 
conditions. In seasons with lots of 
dust, you may need to clean every 
two to three days. In seasons with 
daily rain, cleaning may not be 
necessary for several weeks. To 
clean the panels, simply wash them 
with a water jet. If the panels have 
caked dirt, dust or bird droppings, 
use a soft sponge to wipe the panel 
surface. 
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12.3 Inverter and charge controller maintenance 
Because these components consist of almost no moving parts and are not exposed to chemicals or the 
environment, they are relatively easy to maintain. 

Maintenance of the inverter and charge controller should be carried out whenever the battery bank is 
inspected – once a month. Required maintenance activities: 

1. Check connections for tightness. Use a dry cloth to wipe accumulated dirt and dust from all 
vents and surfaces. 

2. Visually examine all indicators and displays to ensure that the solar panel array is charging the 
battery bank. 

 
Figure 66 inverter/charge controller maintenance 
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12.4 Cables and connection maintenance 
To maintain cables and wires used to interconnect system component: 

1. Inspect all panels and boxes for signs of rodents or insect infestation; check connections for 
tightness, and check for waterproofness. 

2. Inspect all switches and breakers for efficacy, especially when they are switched on and off. 
There should be no spark during switching. 

3. Check for signs of corrosion or burning on the cables and their connection points. 
4. Check cables for rodent bites. 
5. Ensure that all grounding connections are intact. 
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12.5 Troubleshooting 
Solar panels are built and guaranteed to produce power for around 25 years, there are many failure 
modes which the solar system may be experience. These conditions which may require troubleshooting 
are: 

1. No output Power 
2. Low Power situation 

No output Power 
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Low Power Situation 

1. Check for shading on the modules 
2. Check for dirt on the modules 
3. Check for any loose wires 
4. Check current output for each string and check if any of the strings give an unrealistic low figure 
5. Check for a blown fuse 

How to test a fuse? 

1. Fuse should never be replaced or tested while the circuit is energized  
2. Shut the DC system down  
3. Use ohmmeter to test the continuity of the fuse  
4. Remove the fuse to be tested from the fuse holder 
5. Use meter and test the fuse by placing a lead on each end of the fuse and listening for the meter 

to beep confirming continuity. 
6. If the fuse fails the test, replace the fuse 

  



Solar Systems :: Vocational Training Manual page 121 of 137 
 

  

13 Summary on all safety measures 
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Safety hazards are always a concern in construction projects, and solar PV projects are no different. As 
safety hazards can result in damages to material, equipment, and most importantly employee health, 
always pays attention to performing the work safely and without any accidents, and to always being 
ready to act effectively if an accident does happen. 
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13.1  Risk-Reducing Measures 
Fall and trip are a major cause of construction work hazards and can lead to serious injuries or, in 
extreme cases, death. To avoid such accidents, implements the following measures:  

• Ladders: Ladders are selected based on their application, paying special attention to the rated 
weight and to the use of non-conductive ladders near energized lines. Ladders shall be inspected 
prior to usage, and they shall be placed on dry horizontal surfaces. In addition, ladders are only 
to be used for short-duration light-duty work. 

• Scaffolds: When needed, scaffolds are installed as per the manufacturer’s recommendations 
and in a way that ensures they are safe and sound. 

• Safety Harnesses: Whenever work is performed on elevated structures, safety harnesses shall be 
utilized. 

• Slippery Surfaces: Workers shall pay attention when operating on slippery surfaces (rain, snow, 
etc.). 
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13.2 Electrical Shock Protection 
The hazard of electrical shock is present when working with power tools, when the electrical systems 
are energized, or when working near electrical power lines. Thus, it is essential to undertake the 
following measures to ensure safety from electrical shocks: 

• Work on new and existing energized electrical circuits is prohibited until all power is shut off and 
grounds are attached. 

• Frayed, damaged or worn electrical cords or cables are promptly replaced. 
• Ensure that ladders, scaffolds, equipment or materials are kept at a safe distance from electrical 

power lines. 
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13.3 Fire Prevention & Control 
Fire at construction sites presents a safety hazard for the personnel, the facility, and the construction 
equipment. The causes might be related to electrical equipment, welding, cutting, etc.  

To minimize the risk of fire, you shall undertake the following measures regarding their respective 
sources of risk: 

• Electrical equipment: The use of electrical equipment can be an ignition source during 
construction. Hence, all electrical equipment shall be installed, inspected, and maintained in a 
good condition. Furthermore, ignition-inducing equipment such as those used for cutting, 
welding, and other processes shall be operated at a safe distance from any combustible 
material. 

• Smoking: Smoking is another possible source of ignition. Smoking in the work space shall be 
strictly prohibited and smoking material shall be disposed of at a safe distance from site. 

• Combustible material: Combustible material such as wood and chemicals shall be stored on site 
with minimum quantity and for the shortest duration. Furthermore, combustible material shall 
be stored away from any possible ignition sources. 

• Housekeeping: The site shall be maintained in a clean condition to avoid the presence of littered 
material in the working space, which might contribute to the start and spread of the flame. 
Waste and scrap shall be swept up and removed from the work space on a daily basis. 
Appropriate garbage bins shall be placed on site, ensuring that workers place the scrap in its 
place. 

• Fire Extinguishers: Portable fire extinguishers shall be present, visible, and easily reachable to 
the staff. 
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13.4 Power Tools & Extension Cords: 
Power tools shall always be maintained in a good condition. Each employee is responsible for regularly 
inspecting the tools at his disposal prior to usage to ensure it will perform as required and will not 
present a safety hazard. Attention shall always be given to cords to ensure that they are protected from 
wear and tear and no worker is susceptible to electrocution. In addition, power tools shall only be used 
by trained personnel. 
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13.5 Illumination of Site 
Working in dark areas presents another safety hazard as it might lead to various types of injuries such as 
fall, trap, electrocution, fire, etc. Hence, no work shall be performed if proper illumination is not 
provided. 
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13.6 PPE Policy 
PPE (Personal Protective Equipment) is essential on construction sites, as they protect the staff from 
numerous safety hazards. However, PPE is considered as a last resort when considering safety measures, 
i.e. they are expected to be needed only in case other measures failed in protecting the workers. 

All team members present on site are required to be equipped with the PPE relevant to their task: 

Table 10 personal protective equipement 

PPE Purpose 

Safety Goggles/Glasses, 
Face Shield 

Eye/Face Protection 

Hard Helmets Head Protection (falling objects, trips, etc.) 

Safety Steel-Toed Shoes, 
Safety Gloves 

Hands/Feet Protection 

Ear Plugs/Muffs Hearing protection 



Solar Systems :: Vocational Training Manual page 129 of 137 
 

13.7  Emergency Response: 
In addition to the precaution measures taken, the team shall be ready to deal with any emergency that 
might arise. A successful emergency response requires the availability of the right resources on site, the 
presence of trained personnel, and a swift response. 

To ensure an effective response to an emergency, the following measures shall be implemented on site:  

• A fire extinguisher shall be available, clearly visible, and within the reach of the workers. 
• A first aid kit shall always be available on site. 
• Access into/out of the site shall always be free of obstacles. 

All staff present on site shall be aware that it is a legal requirement to report all accidents and that 
immediate accident reporting is necessary to ensure that a proper investigation is undertaken. They 
shall also be informed that failure to report an accident correctly may result in disciplinary action. 
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14 Symbols and Drawings 
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15 Market Awareness & Evaluation 
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Before you decide to invest in solar, it’s important to do your research so you know what will work for 
you. Think about what type of system you want to install, how much you want to spend and what 
government subsidies you might be eligible for. 
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15.1 How much do solar PV systems cost? 
The price of your solar PV system can be affected by a number of factors, including: 

1. Contractor installation cost 
2. Type and number of panels 
3. Type and size of the inverter 
4. Type of mounting structure and other system components 
5. After sales service agreements 

Keeping these variable in mind, this table provides an approximate guide on the price range for certain 
types of PV systems in the local market. Note that the market costs change quickly and so these 
numbers are illustrative only: 

Table 11 Estimated grid connected system price 

System Size (KWp) Estimated Price range 
2  $2,600 $3,010 
3  $3,900 $4,350 
4  $4,600 $5,940 
5  $6,000 $7,000 

 

Table 12 Estimated off grid system price 

System Size (KWp)  Battery Bank Sizing (KWh) Estimated Price range 
2 1.20 $5,260 $6,000 

2.40 $5,660 $6,300 
3.60 $5,900 $6,600 

3 2.40 $7,890 $9,000 
3.60 $8,490 $9,450 
4.80 $8,850 $9,900 

4 4.80 $10,520 $12,000 
7.20 $11,320 $12,600 
9.60 $11,800 $13,200 

5 7.20 $13,150 $15,000 
9.60 $14,150 $15,750 

12.00 $14,750 $16,500 
 

Table 13 Estimated solar pumping system price 

System Size (KWp) Estimated Price range 
10 $8,500 $9,500 
20 $17,000 $19,000 
30 $25,500 $28,500 
40 $34,000 $38,000 
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15.2 What size of PV system should I install? 
The size of your solar PV system will depend on: 

1. what portion of your electrical consumption you wish to generate 
2. the physical unshaded area available for the installation of your panels 
3. how much you are prepared to spend 

15.2.1 Understand your energy consumption 
This is the first step to take when determining if solar is a viable investment. This process should be 
completed by your accredited designer during the design and specification stage as part of their load 
analysis. Also you should know that In Lebanon, you can benefit from the net metering system. 

Net metering allows the exchange of any surplus energy produced by your solar system for utility energy 
credit to be used during periods when the solar system is not producing enough energy to meet your 
needs. 
 
At the end of the month, only the net consumption is billed by your utility company. It is the amount of 
electricity consumed, less the amount of electricity produced by you. The utility acts much the same as a 
battery, crediting the energy "account" for later use if production exceeds consumption.  
 

 
Figure 67 net metering protocol 

 

Accordingly, you should match your system size to your household yearly consumption. The designer of 
your system will help you choose a system that suits your needs.  
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15.3 What type of modules or inverter should I buy? 
When comparing quotes, the difference in prices between products can be overwhelming. When 
making the decision that best suits your budget, there are a few important things to consider: 

• What are the product warranties? Your solar retailer will provide a manufacturer’s warranty on 
the products. The warranty period will often vary between the panels, inverter and other system 
components.  

• Will the solar retailer be able to honor these warranties? If the solar PV retailer goes out of 
business, your warranties could become invalid. In this case, you will need to contact the 
importer or manufacturer directly to arrange repair or replacement. Make sure you have their 
details too. 

• All PV modules and inverters must meet International standards and be on the approved list in 
order to be eligible. 

• What is the solar retailer experience? 

15.3.1 PV modules and inverters standards 
A range of independent PV module rating systems exist that set quality and performance standards 
above the minimum. These can provide more information when you are choosing which products to 
buy. 

Table 14 PV Modules compliance standards 

Design qualification and Type approval IEC 61215 OR IEC 61646 
Safety Qualification IEC 61730 
Salt mist corrosion testing of photovoltaic IEC 61701 
Protection against electric shock IEC 60364-4-41 

 

Table 15 Grid connected inverter compliance standards 

General requirements Active anti-islanding and transformer less 
Safety  IEC 62109-1 and IEC 62109-2 or  UL 1741 

or  AS/NSZ3100 
Harmonics IEC 61000-3-2 (I<=16A) or  IEC 61000-3-4 

(I>16A) 
Voltage fluctuation IEC 61000-3-11 (I<=75A) or  

 IEC 61000-3-5 (I>75A) 



Solar Systems :: Vocational Training Manual page 137 of 137 
 

15.4 Solar modules and inverters list of suppliers 
A list of solar PV system components that comply with required international standards is represented 
in the table below for quick reference: 

Table 16 PV system components manufactures 

Technology Manufacturer Supplier Website 
PV Panels Hanwha Q-

cells 
Green 

Essence 
Lebanon 

Manufacturer: 
https://www.q-cells.com/en/main.html 

Supplier: 
https://www.greenessencelebanon.com/store/items 

PV Panels Yingli Green 
Essence 
Lebanon 

Manufacturer: 
http://www.yinglisolar.com/me/ 

Supplier: 
https://www.greenessencelebanon.com/store/items 

On Grid 
Inverter 

Fronius Green 
Essence 
Lebanon 

Manufacturer: 
https://www.fronius.com/en-us/usa  

Supplier: 
https://www.greenessencelebanon.com/store/items 

On Grid 
Inverter 

Goodwe Green 
Essence 
Lebanon 

Manufacturer: 
http://en.goodwe.com  

Supplier: 
https://www.greenessencelebanon.com/store/items 

Battery 
Inverter 

EP solar Green 
Essence 
Lebanon 

Manufacturer: 
https://www.epsolarpv.com/  

Supplier: 
https://www.greenessencelebanon.com/store/items 

Battery 
Inverter 

Victron Green 
Essence 
Lebanon 

Manufacturer: 
  https://www.victronenergy.com/ 

Supplier: 
https://www.greenessencelebanon.com/store/items 

Hybrid 
Inverter 

Fronius Green 
Essence 
Lebanon 

Manufacturer: 
https://www.fronius.com/en-us/usa  

Supplier: 
https://www.greenessencelebanon.com/store/items 

Hybrid 
Inverter 

Goodwe Green 
Essence 
Lebanon 

Manufacturer: 
http://en.goodwe.com  

Supplier: 
https://www.greenessencelebanon.com/store/items 

Charge 
Controller 

Victron Green 
Essence 
Lebanon 

Manufacturer: 
  https://www.victronenergy.com/ 

Supplier: 
https://www.greenessencelebanon.com/store/items 

Charge 
Controller 

EP Solar Green 
Essence 
Lebanon 

Manufacturer: 
https://www.epsolarpv.com/ 

Supplier: 
https://www.greenessencelebanon.com/store/items 

 

https://www.q-cells.com/en/main.html
http://www.yinglisolar.com/me/
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