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Main themes

• Photovoltaic cell
• Photovoltaic module
• Types of modules
• Output / radiation

• Effect of shade
• Effect of temperature
• Open circuit voltage
• Short circuit current
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The photovoltaic effect

Photovoltaics for Professionals
Recommended first book for engineers, 

electricians, builders ad architects interested 
in grid-tied photovoltaics
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The photovoltaic cell

Current (I) 
depends on 
the level of 
solar 
insolation 
and the area 
of the cell

Open circuit 
voltage 
(Voc)  
remains 
fairly 
constant
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Solar cells in series in a solar module

Voc = 0.45VDC x 36 = 16.6VDC
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1 Aluminium frame, 2 Seal, 3 Glass, 4 Encapsulating EVA, 5 Crystalline cell, 6 Tedlar sheet

Photovoltaic effect
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The peak wattage of a solar module is 

the number of watts it will produce under

Standard Test Conditions (STC) (in ideal conditions)
Standard Test Conditions (STC) are

1kW/m2 of solar radiation (1 PSH)

at a temperature of 25º C

in an Air Mass 1.5

Ideal conditions never exist outside the laboratory

Photovoltaic modules are rated in

Peak Watts (Wp)
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Solar module output @ STC

Wh = Wp x PSH

@ Standard Test Conditions

(Ideal conditions)

but in reality

Wh = Wp x PSH x performance ratio
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Irradiation dependence on weather

2-5

Cloudy Sky Clear Sky, Sun

Mainly Diffuse Radiation Mainly Direct Radiation

Irradiation W/m2

The sun’s limitless energy
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UMPP voltage range

Module voltage (V)
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Photovoltaic effect

Effect of 
irradiation 
on silicon 
crystalline 

solar 
modules
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Solar module output – stand-alone
The unit of electrical energy used is 

the watt-hour (Wh) 

To calculate approximately how many Wh a module will produce 
on an average day in a stand-alone system, the following 

formula can be used:

Units of energy  produced (Wh)  =  Module Peak Watts (Wp) 
x Peak Sun Hours (PSH)  x (0.60 - 0.70) 

                                                                        
Solar modules are rated in peak watts (Wp) 

This will be on label on the back of the modules

Assumption : module is near optimum angle and orientation 
Battery/system inefficiency needs to be added - 20%

(More exact to use module current)
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Solar module output example - off-grid

 A 75 Wp solar module is installed in Devon in a stand-alone solar 
system. Approximately how much energy will it produce on one day 

 in September when the average daily insolation available is 
4.63 PSH?

                                                      
Units of energy produced (Wh)   =  75 Wp x 4.63 PSH x 0.7 =243Wh

 The amount of electrical energy produced by the module would be 
 approximately 243 Wh

 
Assumption : module is near optimum angle and orientation

Battery/system inefficiency needs to be added - 20%
(More exact to use module current)
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Monocrystalline modules

• Cells manufactured 
from wafers cut 
from an ingot of a 
single silicon 
crystal

• Field efficiencies of 
10 - 15%

• Guarantee: 80% of 
rated at the end of 
20/25 years

• Suitable for most 
applications, high 
quality
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Polycrystalline modules

• Cells manufactured 
from wafers cut 
from an ingot of a 
several silicon 
crystals

• Field efficiencies of 
9 - 13%

• Guarantee: 80% of 
rated output for 
20/25 years

• Suitable for most 
applications, high 
quality

Polycrystalline modules

Polycrystalline cell
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Amorphous multi-junction modules

• Silicon deposited by 
gaseous deposition method 
in several layers, creating 
multi-junction cells which are 
sensitive to a wider light 
spectrum.

• Field efficiencies of 8 - 10%
• Guarantee: 80% of rated 

output for 10/20 years. Less 
for flexible models

• Most expensive type. Can be 
advantageous in conditions 
of diffuse radiation i.e. 
northern latitudes
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Amorphous silicon thin film modules
• Silicon deposited by 

gaseous deposition 
• Field efficiencies of 3 

- 6%
• Guarantee: depends 

very much on the 
manufacturer

• Least expensive type. 
generally more 
suitable for small 
applications. Quality 
depends very much 
on manufacturer. Can 
be fragile.

• Degrades 10% in first 
3 months
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Source: Photovoltaics for Professionals
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Source: Photovoltaics for Professionals
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Source: Photovoltaics for Professionals



  

SOLAR ELECTRIC INSTALLATION COURSE – OFF-GRID APPLICATIONS

PHOTOVOLTAIC MODULES

Module data sheets
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Module labels

• The label on the back of the 
module contains important 
information
– peak power (Wp)
– operating current 
– open circuit voltage (Voc)
– closed circuit current (Isc)
– the IV curve
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Datasheet 
specifications of 

a module

3-16Photovoltaic effect
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12V & 24V modules
• Originally most modules were 

so-called 12 V modules, 
designed to charge batteries – 
used mainly in off-grid systems

• Modules for grid-connect are 
usually 24 V these days – they 
are larger so less are needed

• Module junction boxes – in 
modules for grid connect there 
are usually plug/socket leads 
instead, for easier string 
connection. Proper junction box 
preferable for stand-alone
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IV - Curves

UMPP voltage range

Module voltage (V)
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Effect of 
temperature 

on the 
operation of 

crystalline 
solar 

modules

3-14
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Photovoltaic effect
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Effect of shade on solar modules

Even a small 
shadow like 
this can 
reduce the 
amount of 
electricity a 
module 
produces by 
80-90%,
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Functioning of bypass diodes

4-24

Bypass diode Bypass diode

cellcell cell cell cell

Grid-tied photovoltaic systems
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Open circuit voltage (Voc)

• The open circuit voltage 
(Voc) of a solar module 
remains fairly constant 
over a range of sunlight 
levels

19.35V
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Short circuit current (Isc)

• The short circuit current 
(Isc) of a solar module 
varies with the level of 
sunlight

4.15A
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