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Chapter Description 

• Expected Outcomes 

– To organize the system component integration  

 

 

• References 

– Grid-connected Solar Electric Systems: The Earthscan 

Expert Handbook by  Geoff Stapleton and Susan Neill, 

2010. 



System Sizing 

• It is important to ensure that the array is matched to 
the inverter’s input specifications so that all system 
components are appropriately sized to suit the site-
specific conditions. 

• Inverter should be chosen so that the maximum power 
output from the designed PV array (given in Wp) 
matches the inverter’s maximum array power input 
(given in Wp).  

• Avoided over—sizing of the inverter as it will reduce 
the inverter’s operating efficiency and hence reduce 
overall power output.  

• The designer needs to ensure that the inverter and PV 
array match in terms of voltage, current and power to 
ensure a safe and efficient PV system. 



Matching voltage specifications 

There are two voltage 
specifications that need 
to be met.  

• The maximum system 
voltage of the 
module. A PV array 
voltage must not 
exceed this voltage.  

• The operating voltage 
of the inverter must 
not be exceeded.  

 

 

 



Matching voltage specifications 

• The maximum input voltage is the maximum DC 
voltage that the inverter is designed to handle safely.  

• If the array’s open circuit voltage exceeds the 
maximum input voltage, it may damage the inverter’s 
electronic components.  

• The vast majority of grid interactive inverters also 
have a maximum power point tracking (MPPT) range 
with specified minimum and maximum voltages.  

• Within this range, the inverter tracks the maximum 
power point to ensure the array‘ performs as well as 
possible; outside this range the array is likely to 
underperform. 
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Inverter specifications 
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PV array MPPT input  
voltage range 

Maximum PV array voltage  
(must not exceed this value) 

Maximum PV array current 

Inverter Efficiency 

Inverter window operating voltage 



Matching voltage specifications 

• The first step to acquire maximum and minimum 
temperatures at the installation site. From these, 
the PV module cell temperatures can be 
calculated.  

• The PV cells will operate at a much higher than 
the air temperature quoted in weather report. 

• National codes should be consulted first as they 
may specify the ambient or cell temperatures that 
should be used in sizing calculations.  

• In Malaysia, the minimum and maximum cell 
temperatures are 20℃ and 75℃, respectively. 
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Matching voltage specifications 

• Calculate the expected voltage 
output of the array that is affected 
by the change of cell 
temperatures. 

• Datasheet generally provide at 
least one temperature coefficient 
for Voltage (a specific rating that 
describes the effect of 
temperature on the cell voltage).  

• Usually expressed as a 
percentage or in volts per degree 
celcius, whereas some 
manufacturers only provide а 
Рmax (maximum power) 
temperature coefficient that can 
be used as an approximation for 
the Voltage temperature 
coefficient. 

 

 



Calculating Maximum Voltage 

The module’s maximum voltage (VOC is present at 
the minimum cell temperature which in this case is 
25℃; it is therefore important to use the open-
circuit voltage (VOC) and adjust this figure according 
to the temperature coefficient when calculating the 
maximum voltage.  

• 𝛾𝑉𝑂𝐶  given in percentage 
𝑉max_𝑂𝐶 = 𝑉𝑂𝐶_𝑆𝑇𝐶 × 1 + 𝛾𝑉𝑂𝐶 × 𝑇𝑐𝑒𝑙𝑙_𝑚𝑖𝑛 − 𝑇𝑆𝑇𝐶  

• 𝛾𝑉𝑂𝐶   given in absolute value 
𝑉max_𝑂𝐶 = 𝑉𝑂𝐶_𝑆𝑇𝐶 + 𝛾𝑉𝑂𝐶 × 𝑇𝑐𝑒𝑙𝑙_𝑚𝑖𝑛 − 𝑇𝑆𝑇𝐶  
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Calculating Minimum Voltage 

• The module’s minimum voltage will occur when the 
cell is hottest, i.e. at a cell temperature of 75°𝐶. This 
is calculated using the maximum power Voltage, Vmp 
and corresponding temperature coefficient. 

• A temperature coefficient is not given for maximum 
power voltage, so the temperature coefficient for 
maximum power should be used as an approximation 
- this is given in %/℃ on the data sheet and so must 
be converted to V/℃: 
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𝑉m𝑖𝑛_𝑚𝑝 = 𝑉𝑚𝑝_𝑆𝑇𝐶 +
𝛾𝑃𝑚𝑝

100
× 𝑉𝑚𝑝_𝑆𝑇𝐶 × 𝑇𝑐𝑒𝑙𝑙_𝑚𝑖𝑛 − 𝑇𝑆𝑇𝐶  



Calculating Minimum Number of Modules in a 

String 
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The minimum module voltage is 

multiplied by the voltage drop expected 

across the DC cables (𝑉𝑑𝑐_𝑑𝑟𝑜𝑝) 

𝑉m𝑖𝑛_𝑚𝑝_𝑒𝑓𝑓 = 𝑉min_𝑚𝑝 × 𝑉𝑑𝑐_𝑑𝑟𝑜𝑝 

 

𝑉𝑑𝑐_𝑑𝑟𝑜𝑝 is voltage drop in 

percentage 

The minimum inverter input voltage 

should be multiplied by 1.1 to account 

for the 10% safety margin required 

𝑉min_𝑤𝑖𝑛_𝑖𝑛𝑣_𝑎𝑙𝑙𝑜𝑤

= 1.1 × 𝑉min_𝑤𝑖𝑛_𝑖𝑛𝑣 

Finally, the minimum number of modules 

in the string is calculated by dividing this 

figure by the minimum module voltage 

𝑁min_𝑚𝑜𝑑𝑢𝑙𝑒 =
𝑉min_𝑤𝑖𝑛_𝑖𝑛𝑣_𝑎𝑙𝑙𝑜𝑤

𝑉m𝑖𝑛_𝑚𝑝_𝑒𝑓𝑓
 



Calculating Maximum Number of Modules in 

a String 
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The maximum inverter 

input voltage is reduced 

to account for the 5% 

safety margin  

𝑉m𝑎𝑥_𝑤𝑖𝑛_𝑖𝑛𝑣_𝑎𝑙𝑙𝑜𝑤 = 0.95 × 𝑉m𝑎𝑥_𝑤𝑖𝑛_𝑖𝑛𝑣 

The maximum inverter 

voltage should be divided 

by the maximum module 

voltage (as previously 

calculated to determine 

the maximum allowable 

modules in a string) 

𝑁m𝑎𝑥_𝑚𝑜𝑑𝑢𝑙𝑒 =
𝑉m𝑎𝑥_𝑤𝑖𝑛_𝑖𝑛𝑣_𝑎𝑙𝑙𝑜𝑤

𝑉m𝑎𝑥_𝑂𝐶
 



Inverter-PV Array Matching 

• The number of module in a string can be selected 
between 𝑁𝑚𝑖𝑛_𝑚𝑜𝑑𝑢𝑙𝑒 and 𝑁𝑚𝑎𝑥_𝑚𝑜𝑑𝑢𝑙𝑒 

• In practice, it is recommended that the actual 
number of modules in the string that is close to 
75% of the allowable voltage window. 

• This should ensure that the array MPP voltage is 
always operating within the window in times of 
high temperature and also if shading occur 
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Matching current specifications 

• An array normally has several strings connected in 
parallel and the input DC current will be the sum of the 
currents of all the strings connected to the İnverter.  

• The short-circuit current is used in these calculations 
because it is the largest current the module will 
produce. 

• To calculate the Maximum number of parallel string of 
the array : 
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𝑁max_𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙_𝑠𝑡𝑟𝑖𝑛𝑔 =
𝐼max_𝑑𝑐_𝑖𝑛𝑣

𝑓𝑠𝑎𝑓𝑒𝑡𝑦 × 𝐼𝑆𝐶_𝑠𝑡𝑟𝑖𝑛𝑔
 

 
𝐼max_𝑑𝑐_𝑖𝑛𝑣    -  maximum inverter DC input current 
𝑓𝑠𝑎𝑓𝑒𝑡𝑦         -  safety factor (range betwen 1.1 to 1.25) 

𝐼𝑆𝐶_𝑠𝑡𝑟𝑖𝑛𝑔      -  short circuit current of string at STC 




