
SOLAR PHOTOVOLTAIC POWER SYSTEM 

 

Principle of photovoltaic or solar cell 

 

 

Conversion of light energy in electrical energy is based on a phenomenon called 

photovoltaic effect. When semiconductor materials are exposed to light, the some of the 

photons of light ray are absorbed by the semiconductor crystal which causes a significant 

number of free electrons in the crystal. This is the basic reason for producing electricity due 

to photovoltaic effect. Photovoltaic cell is the basic unit of the system where the photovoltaic 

effect is utilised to produce electricity from light energy. Silicon is the most widely used 

semiconductor material for constructing the photovoltaic cell. 
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Standalone PV power system 
 

 

While a major component and cost of a standalone PV system is the solar array, several 

other components are typically needed. These include: 

 

  Batteries: Batteries are an important element in any stand alone PV system but can be 

optional depending upon the design. Batteries are used to store the solar-produced 

electricity for night time or emergency use during the day. Depending upon the solar 

array configuration, battery banks can be of 12V, 24V or 48V and many hundreds of 

amperes in total. 

  Charge Controller: A charge controller regulates and controls the output from the solar 

array to prevent the batteries from being over charged (or over discharged) by dissipating 

the excess power into a load resistance. Charge controllers within a standalone PV 

system are optional but it is a good idea to have one for safety reasons. 

 



  Fuses and Isolation Switches: These allow PV installations to be protected from 

accidental shorting of wires allowing power from the PV modules and system to be 

turned “OFF” when not required saving energy and improving battery life. 

 Inverter: The inverter can be another optional unit in a standalone system. Inverters 

are used to convert the 12V, 24V or 48 Volts direct current (DC) power from the 

solar array and batteries into an alternating current (AC) electricity and power of 

either 120 VAC or 240 VAC for use in the home to power AC mains appliances 

such as TV’s, washing machines, freezers, etc. 

  Wiring: The final component required in and PV solar system is the electrical 

wiring. The cables need to be correctly rated for the voltage and power 

requirements. Thin telephone wire will not work!. 

 

 
Batteries are an important element and the heart of any stand alone solar power 

system, whether that is one using a large array of panels to power a home or a small pico 

solar system used to power the garden, shed or fish pond. 

 
 

Batteries are needed because of the fluctuating nature of the output being delivered by 

the PV panels or array. They also convert the electrical energy into stored chemical energy 

for use when the solar array is not producing power. During the hours of sunshine, the PV 

system is directly fed to the load, with excess electrical energy being stored in the batteries 

for later use. During the night, or during a period of low solar irradiance, such as a cloudy, 

rainy days, energy is supplied to the load from the battery. 

So battery storage allows a standalone PV system to be run when the solar panels are 

not producing enough energy on their own with the battery storage size tied to the electrical 

usage. 

Grid connected PV systems always have a connection to the public electricity grid via 

a suitable inverter because a photovoltaic panel or array (multiple PV panels) only deliver DC 

power. As well as the solar panels, the additional components that make up a grid connected 

PV system compared to a stand alone PV system are: 

 

  Inverter: The inverter is the most important part of any grid connected system. The 

inverter extracts as much DC (direct current) electricity as possible from the PV array 
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and converts it into clean mains AC (alternating current) electricity at the right voltage 

and frequency for feeding into the grid or for supplying domestic loads. It is important to 

choose the best quality inverter possible for the budget allowed as the main 

considerations in grid connected inverter choice are: Power – Maximum high and low 

voltage power the inverter can handle and Efficiency – How efficiently does the inverter 

convert solar power to AC power. 

 

 
 Electricity Meter: The electricity meter also called a Kilowatt hour (kWh) meter is 

used to record the flow of electricity to and from the grid. Twin kWh meters can be 

used, one to indicate the electrical energy being consumed and the other to record 

the solar electricity being sent to the grid. A single bidirectional kWh meter can also 

be used to indicate the net amount of electricity taken from the grid. A grid 

connected PV system will slow down or halt the aluminium disc in the  electric 

meter and may cause it to spin backwards. This is generally referred to as net 

metering. 

  AC Breaker Panel and Fuses: The breaker panel or fuse box is the normal type of 

fuse box provided with a domestic electricity supply and installation with the 

exception of additional breakers for inverter and/or filter connections. 



 Safety Switches and Cabling: A photovoltaic array will always produce a voltage 

output in sunlight so it must be possible to disconnect it from the inverter for 

maintenance or testing. Isolator switches rated for the maximum DC voltage and 

current of the array and inverter safety switches must be provided separately with 

easy access to disconnect the system. Other safety features demanded by the 

electrical company may include earthing and fuses. The electrical cables used to 

connect the various components must also be correctly rated and sized. 

 The Electricity Grid: Finally the electricity grid itself to connect too, because 

without the utility grid it is not a Grid Connected PV System. 

An grid connected system without batteries are the simplest and cheapest solar power 

setup available, and by not having to charge and maintain batteries they are also more 

efficient. It is important to note that a grid connected solar power system is not an 

independent power source unlike a stand alone system. Should the mains supply from the 

electrical grid be interrupted, the lights may go out, even if the sun is shining. One way to 

overcome this is to have some form of short term energy storage built into the design. 

Advantages 

1.  Sun is essentially an  infinite  source  of  energy.  Therefore  solar  energy  is  a 

very large inexhaustible and renewable source of energy and is freely available all 

over the world. 

2. It is environmentally very clean and is hence pollution-free. 

3. It is a dependable energy source  without  new  requirements  of  a  highly  technical 

and specialized nature for its wide spread utilization. 

4. It is the best alternative for the rapid depletion of fossil fuels. 

 

Disadvantages 

 

1.  It is available  in a dilute and is at  low potential.  The  intensity of solar energy on   

a sunny day in India is about 1.1 kW/square meter area.  Hence  very  large 

collecting areas are required. 

2. Also the dilute and diffused nature of the solar energy needs large land area for the 

power plant for instance, about 30 square kilometers area is required for a solar 

power station to replace a nuclear plant on a 1 square kilometer site. Hence capital 

cost is more for the solar plant. 
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3. Solar energy is not available at night or during cloudy or rainy days. 

 
 

Applications of Solar Energy: 

 

 

Applications of solar energy enjoying most success today are: 

1. Solar engines for pumping. 

2. Solar water heaters. 

3. Solar cookers. 

4. Solar driers. 

5. Solar furnaces. 

6. Photo-voltaic conversion (solar cells) 

7. Solar power generation. 

 
 


