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Chapter Description

« EXxpected Outcomes
— To organize the system component integration

» References

— Grid-connected Solar Electric Systems: The Earthscan
Expert Handbook by Geoff Stapleton and Susan Neuill,
2010.




System Sizing

|t 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.

 |nverter should be chosen so that the maximum power
output from the de5|gned PV array (given in W)
matches the inverter's maximum array power mput
(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.
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Matching voltage specifications

There are two voltage Typical Electrical Characteristics

specifications that need  waximum Power () 75W
to be met. Voltage at Py (Vi) 17.0V
 The maximum system  C4menta Pmax (mp) R
ltace of the Warranted minimum P ay 10w
voitag Short circuit current (Ic) 4.75A
module. A PV array Open-cicuit voltage (V) 21.4V
voltage must not Temperature coefficient of I, (0.065:0.015)%/°C
exceed this voltage. Temperature coefficient of V. ~(80£10)mV/°C
e The operatin g volta ge Temperature coefficient of Power -(0.520.05)%/°C
. NOCT 47+2°C
of the inverter must
[Maximum System Voltage 600V ]

not be exceeded.



Matching voltage specifications

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

 |f 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.

Communitising Technolagy



Inverter specifications

PV array MPPT input

Inverter window operating voltage

Fronius 1G 300 / Fronius 1G 400

INPUT DATA
voltage range \ el

MPP veltage range 210-420V K 210-420V
Maximum PV array voltage /Max. input voltage (at 1000 W/m?*, -10°C) 530V 530V
(must not exceed this value) Recommended PV plant output 24 kWp - 31 kWp 32 kWp - 42 kWp

Max. input current 123 A 164 A
Maximum PV array current f

OQUTPUT DATA Fronius 1G 300 Fronius IG 400

Norminal output 24 KW 32 kW

Max. power output 24 KW 32 kW
Inverter Efficiency > Max. efficiency 943 % 943 %

Euro efficiency 83,3 % 934 %

Mains voltage / frequency 3NPE~400 V/ 50 Hz

Distortion factor <5%

Power factor 1

Power consumption at night aw
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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.

« |n Malaysia, the minimum and maximum cell
temperatures are 20°C and 75°C, respectively.
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Matching voltage specifications

« Calculate the expected voltage
output of the array that is affected

by the ch ange of cell Typical Electrical Characteristics
temperatures. Maximum Power (Pray) 75W
Voltage at Ppy,ay me) 17.0V

« Datasheet generally provide at

- C P I 4.45A
least one temperature coefficient " ® nf::s;‘r:uf:npjp -
for Voltage (a specific rating that max
describes the effect of Short circult current (Lo 4.75A
temperature on the cell voltage). Open-cicuit voltage (Voc) ( 21.4v)

. Temperature coefficient of I‘SE 0.065:0.015)%/°C
g eS r%aélll% :QX g roersisne\sl Olaé‘o g er de gree Temperature coefficient of V. -(80£10)mV/°C
celcius. whereas some Temperature coefficient of Power -(0.50.05)%/°C
manufacturers only provide a NOCT 47:2°C
Pmax (m aximum pOWG I') Maximum System Voltage 600V

temperature coefficient that can
be used as an approximation for
the Voltage temperature
coefficient.
- T



Calculating Maximum Voltage

The module’s maximum voltage (V. is present at
the minimum cell temperature which in this case is
25°C; it is therefore important to use the open-
circuit voltage (V) and adjust this figure according
to the temperature coefficient when calculating the
maximum voltage.
* Yv, 8iven in percentage

Vimax _oc = Voc_stc X {1 + (VVOC X (Tcell_min - TSTC))}
* Yv, 8iveninabsolute value

Vimax oc = Voc stc + ()’VOC X (Teen min — Tsrc))




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, V,,
and corresponding temperature coefficient.

* Atemperature 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 %/°C on the data sheet and so must
be converted to V/°C:

Temperature coefficient of I, (0.065:0.015)%/°C
Temperature coefficient of V. -(80+10)mV/°C
Temperature coefficient of Power -(0.540.05)%/°C

YPup
Vmin mp — Ymp_STC + {m X Vmp_STC} X (Tcell_min - TSTC)

— Con1mun”j3ing fecla !Ugy




Calculating Minimum Number of Modules in a

String
.

The minimum module voltage is Vimin_mp_eff = Vmin_mp X Vac_arop
multiplied by the voltage drop expected
across the DC cables (Vg grop)

Vac_arop 1S VOltage drop in
percentage

The minimum inverter input voltage v
should be multiplied by 1.1 to account m‘n—W‘"—l:’-lalllOXV o
for the 10% safety margin required ' min_win_inv

Finally, the minimum number of modules v
in the string is calculated by dividing this ~ Nmin_modute = m;‘ Lt
figure by the minimum module voltage YR R
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Calculating Maximum Number of Modules in

a String

The maximum inverter
Input voltage is reduced
to account for the 5%
safety margin

Vmax _win_inv_allow — 0.95 X Vmax _win_inv

The maximum inverter

voltage should be divided

by the maximum module v

voltage (as previously Nimax module = —2exX -win.inv_allow
calculated to determine Vmax oc

the maximum allowable

modules in a string)




Inverter-PV Array Matching

* The number of module in a string can be selected
between Nmin_module and Nmax_module
* |n 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




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 Inverter.

* 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 :

| max dc_inv

Nmax _parallel_string — I ,
fsafety X SC_string

Imax dc iny - mMaximum inverter DC input current
fsafety - safety factor (range betwen 1.1 to 1.25)
Is¢ string - short circuit current of string at STC

— CO[nlnunjUSing fecla !ng



‘I Universiti
Malaysia
PAHANG

Thank
You

Communitising Technology




