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SOLAR ENERGY COLLECTORS

• Low density per unit area (1kW/m2 – 0.1kW/m2)

• Collected by covering large area

• Solar energy as heat

• Transfer to heat transport fluid

• Thermal storage tank/boiler/heat exchanger
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Advantages of Solar PV System

 It converts solar energy directly into electrical energy 
without going through thermal-mechanical link. It has no 
moving parts.

 Solar PV systems are reliable , modular , durable and 
generally maintenance free.

 These Systems are quiet , compatible with almost all 
environments, expected life span of 20 years or more.

 It can be located at the place of use and hence no 
distribution network is required.
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Disadvantages of Solar PV System

 At present the costs of solar cells are high, making them 
economically uncompetitive with other conventional 
power sources.

 The efficiency of solar cells are low.
 Large no. of solar cell modules are required to generate 

power.
 As solar energy is intermittent, some kind of electrical 

energy storage is required, which makes the whole 
system more expensive.
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Solar Cell characterisitics

 The above figure shows the I-V characteristics.
 I= Isc-Io {Exp( V/Vt)-1}
 Where Io is the reverse saturation current , Vt is the voltage 

equivalent of temperature and at room temperature its value is 
26 mV.

 We have Vt=KT/q
 Where K is the boltzmann’s constant, T is the temperature in 

°K and q is the charge of an electron.
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Equivalent Circuit
 The I-V characteristics is derived for ideal condition, 

considering the internal series resistance of the cell is zero 
and the shunt resistance is infinite.

 In actual practice both have infinite values, so the 
characteristics are modified.

 An additional shunt current flows in the shunt branch.
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 Effect of variation of Isolation and Temperature:- 
As the isolation varies throughout the day the PV 
characteristics changes. The short circuit voltage and 
open circuit current increases with the increase in 
intensity.
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 Energy Losses and Efficiency:-The Conversion 
efficiencies of commercially produced single crystal 
cells are in the range of 12-15%. Various loss 
mechanisms lead to limit the conversion efficiency.

 Maximizing the performances:-Maximum values 
of open circuit voltage and short-circuit current, 
low series resistance and high shunt resistance will 
lead to high fill factor.

 Cell Sizes:- Size of the cell affects the performance 
of the cell. So as per current industry standards cells 
are of various types:- round single crystalline, square 
single crystalline, square multicrystalline. 
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SOLAR CELL 
CLASSIFICATION

On Basis of 
thickness

of active material

On Basis of type
of junction 

structure

On basis of type 
of active

 material used
in its fabrication
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 On basis of thickness of Active material
        1)bulk material where the base material is itself an active 

material.
        2)thin film cell  where a deposition of active material substrate 

is there.

 On basis of type of junction structure 
        pn homojunction cell, pn heterojunction cell, pn multijuntion 

cell, metal semiconductor schottky junction, p-i-n 
semiconductor junction.

 On basis of type of active material used in 
its fabrication

        Single crystal, multicrystalline silicon, amorphous silicon(a-Si) 
cell, gallium arsenide(GaAS) cell, Copper Indium diselenide 
cell(CIS), cadmium telluride cell(CdTe) and Organic PV cell.
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 SOLAR CELL:- It is basically a bulk silicon cell where 
the bulk material is the p-type silicon. A thin layer of n-
type silicon is formed at the top surface. There is anti-
reflective coating, textured rear surface.

 SOLAR PV MODULE:-It is the basic building block 
of a PV system. It is the interconnection of a number 
of cells and all these cells should have the same 
characteristics. Partial shadowing may damage the 
module.

 SOLAR PV PANEL:-Several solar modules are 
connected in series/parallel to increase the 
voltage/current ratings. Solar panel is a group of several 
modules connected in series parallel combination in a 
frame that can be mounted on a structure. The 
combination of such panels are called as an SOLAR 
ARRAY.
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A typical panel: Series-Parallel Connection of modules.



 1303/27/11

MAXIMIZING THE SOLAR PV 
OUTPUT AND LOAD MATCHING

 The best use of Solar PV 
system is made by maximizing 
the output.

 First by mechanically orienting 
the Panel for sun tracking to 
receive maximum solar 
radiation.

 Secondly by electrically 
tracking the operating point by 
manipulating the load. 
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MAXIMUM POWER POINT 
TRACKER(MPPT)

 To receive the maximum power, the load must adjust 
itself accordingly to track the maximum power point.

 Generally MPPT  is an adaptation of dc-dc switching 
voltage regulator.

 A buck-boost Converter is normally used.
 Three possible strategies for operation of MPPT are:-  
         1)By monitoring dynamic and static impedances.
         2)By monitoring the power Output.
         3)By fixing the output voltage.
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MPPT using a Buck-Boost Converter
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SOLAR PV SYSTEM CLASSIFICATION

 Central Power Station System:- These are 
conceptually similar to any other conventional power 
station. They feed power to the grid to meet day time 
peak loads. The capital costs are high.

 Distributed System:- This system is much more 
successful and unique. It can be further classified into 3 
types:

     1)Stand-alone System
     2)Grid-Interactive System
     3)Hybrid Solar PV System (Consumer applications)
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 Stand-alone Solar PV system:-Located at the 
load center and dedicated to meet all the electrical loads 
of a village/community or a specific set of loads 
basically in remote or rural areas which have no access 
to grid supply.

 Grid-Interactive System:- It is connected to utility 
grid with two-way metering system. It is meant for the 
whole village of community. It is relatively a bigger 
system.

 Hybrid Solar PV system:- These systems are 
meant for low energy consumer devices. Basically 
designed for indoor applications.
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A general stand-alone solar PV system
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A general Grid-Interactive solar PV system
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SOLAR PV APPLICATIONS
 Grid-Interactive PV Power generation 
 Water pumping for the purpose of drinking or for 

irrigation during the sunshine hours.
 Besides water pumping, Lighting is the second most 

important application of stand-alone system.
 Used for Medical Refrigeration of life saving drugs.
 Village Power:- Solar PV power can meet low energy 

demands of many remote, small, isolated villages.
 Solar PV panel are ideally suited for 

Telecommunication and Signaling Applications 
such as local telephone exchange, radio and TV 
broadcasting.
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A 200 KW Grid-Interactive plant at punjab

Solar Lighting

Water Pumping

Solar Lantern


