SYSI

PV

PHOTOVOLTAIC SOFTWARE

PVsyst SA
www.pvsyst.com




Contents

T ComponentS ManagemMENT ... c.iuiuniniiiiiiriei et et et eaete e eeeeneaetenseaeneansnennas 3
1.1 Defining PV modules in PVSYST ...t 3
1.2 Defining PV modules from Datasheets ......ccoveiuiiiiiiiiiiiiriirec e 3

2 Grid Inverter definition iN PVSYST ....vn ittt e e e eeaee 8
2.1 Defining an inverter from Datasheets ..o 8

,=== Pv SYST PVsyst SA - Components Databases Page 2
ny



1 Components Management

1.1 Defining PV modules in PVsyst

We will analyse the definition of PV modules in PVsyst (PAN files) by defining a new
module from the datasheet. Here, we are going to define a Generic 325Wp module. To
do so, first, click on the “Databases” button under Utilities from the main PVsyst screen.
Then, click on the “PV modules” button under the components database. Once in the PV
module’s database click “New” to create a new PV Module in the system.

PV modules

NB: in practice, it is much easier to start from an existing similar component present in
the database, modify its parameters according to the datasheets and save it under a new
file name, therefore creating a new component in your database.

1.2 Defining PV modules from Datasheets

Typically, the first page of a PV module datasheet gives the general features (usually
rather "promotional") and the second page gives the technical specifications.

When opening a new PV module, we start by defining the "basic data", such as:
e the model,

e the manufacturer (if already existing in the database, exactly the same
name),

e the data source (and possibly date of recording)

o the file name, which is the primary key in the database, and should be
unique.

The convention in PVsyst is to define the filename as “Manufacturer_Model.PAN”.

Basic data | Sizes and Technology ~ Model parameters  Additional Data  Commerdal Graphs

Model Mono 325 Wp 60 cells Manufacturer |Generic
File name Generic_Mono_325W.PAN Data source |Typical

d Custom parameters definition Prod. Since 2015
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Next, define the “Manufacturer Specifications" of the module:

From the second page of the Datasheet:
e Nom power: the nameplate definition of the module (here 250 Wp).
e Tolerance: usually specified as % of PNom; here through

o «Pmpp range from ... to".

e Thetechnology: here Poly-crystalline (as mentioned elsewhere on the
datasheet).
Basic data | Sizes and Technology  Model parameters  Additional Data  Commercial  Graphs
Model Mono 325 Wp 60 cells Manufacturer |Generic
File name Generic_Mono_325W.PAN Data source |Typical
d Custom parameters definition Prod. Since .
Nom. Power 3250 |wp  Tol +/+|0.0 |20 | %
{at 5TC)
Technology Si-mono |

—Manufacturer specifications or other

Reference conditions GRef (1000 | wWim? TRef |25 °C ©
Short-circuit current Isc |10.300| A Open circuit Voc (4140 |V
Max Power Point Impp |9.560 | A Vmpp |34.00 |V
B
Temperature coefficent mulsc (4.3 mA/°C Nb cells 60 in sefies
or mulsc |0.042 | %/°C

e The STCvalues: Impp, Vmpp, Isc, Voc.

o NB: The product Vmpp * Impp should match the PNom (nameplate)
within 0.2%., otherwise: change the Impp value to PNom / Vmpp.

e Efficiency at STC: not a parameter in PVsyst.
e NOCT: never specified in PVsyst!

e Reverse current feed: property of the by-pass diodes, not used in PVsyst.

Electrical data (at standard conditions (STC) irradiance 1000 watt/m?, spectrum AM 1.5 at a cell temperature of 25° C)

Type Nominal output Nominal vaoltage Nominal current Short circuit current Open circuit voltage ~ Module conversion
Pmpp Umpp Impp Isc Uoc efficiency
AC-240P/156-603 240 Wp 30.54 V 7.87A 8.48A 37.26V 14.75 %
AC-245P/156-60S 245 Wp 3091V 793A 8.57 A 37.46 V 15.06 %
AC-250P/156-605 250 Wp 31.45V 7.98A 8.65A 37.90V 15.37 %
AC-255P/156-60S 255 Wp 31.56 V 8.10A 8.70 A 38.20V 15.67 %

Many datasheets mention operating parameters (Impp, Vmpp, Isc, Voc) under NOCT
conditions.

This information is not well standardized; we do not use it in PVsyst.
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The second tab of the dialog to be completed is the "Sizes and technology" of the

modules.

Basicdata | 5Sizes and Technology | Model parameters  Additional Data Commerdial Graphs

Description  Generic, Mono 325 Wp 60 cells

Module lls
Length 1640 | mm 1In series 60

Width 992 | mm In parallel 1
Thickness 50.0 | mm Cell area 237.0 | cm?*
Weight 19.80 | kg Total nb. cells 60
Module area 1.627 m? Cells area 1.422 m?

Definition of Module's sizes is mandatory: it is used for the determination of
the “usual” effidency..

at cell level..

—Module technol

and specifitis

Frame: Aluminium
Structure: 3.2 mm tempered
Connections: MC-4

Generic module for DEMO

Cells area is facultative: if defined it allows for the definition of the efficiency

—Maxil Array Voltag
Absolute maximum voltage of the Array in any
conditions (i.e. Voc at lowest possible ambient
termperature).
Maximum voltage IEC 1000 | V
Maximum voftage UL (US) 600 v
—By-pass protection diod
Nb. of submodules 3 Jmodule
(i.e. functional by-pass diodes)
Submodule partition:
In length Twin half cells
In width Shingled cells

Tile module
CPV: Concentrating module

Bifacial module

Usually you will find all these informations on the datasheet:

e Module size: mandatory, the area will determine the efficiency of the module.

e Cells number: the number in series is mandatory, as the model is defined for one

cell.

o Cellssize: if defined, the cell's area may be used for defining the efficiency at cell

level.

e Usualvalues: Poly6"=15.6cmx15.6cm=243.3 cmz, Mono:idem-6cm2=237.3

2
cm

e Maximum IEC or UL voltage: used for the array sizing (may be 1'500V for new
modules).

e Number of by-pass diodes: used for the "Module layout" electrical losses
calculation.

You can add some informative features in the "Modul technology and specificities” (5
lines of free text).

Design
Frontside
Cells
Backside
Frame

Mechanical data

LxWxH
Weight

Power connection

Socket
Wire
Plug-in system

aPVsysT

0.13 inch (3,2 mm) hardened, low-reflection white glass

60 polycrystalline high efficiency cells 6 inch (156 x 156 mm)
Composite film

1.57 inch (40 mm) silver anedized aluminium frame

64.57 x 39.06 x 1.57 inch (1640 x 992 x 40 mm)
42,99 Ibs (19,5 kg) with frame

Protection Class IP65 (3 bypass diodes)
43.3 inch, AWG 11
Plug/socket IP67, MC4 mateable

Limit values

System voltage
NOCT (nominal operating cell temperature)®
Max. load-carrying capacity

Reverse current feed IR

(No external voltages greater than Vo
may be applied to the module)

* NOCT, irradiance 800W/m?2; AM 1.5;
wind speed 1m/s; Temperature 20°C

PVsyst SA - Components Databases

1000 VDG (UUL) 1000 VDC (IEC)
45°C +/-2K

113 PSF
15.0A
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The third tab is the "Model parameters”
We start by defining the “Rshunt - Rserie".
On this page, you should leave the Rserie and Rshunt at their default value (checkboxes).

Sometimes, you will have to check them several times.

Basicdata Sizes and Technology = Model parameters  Additional Data Commercial Graphs

Description  Generic, Mono 325 Wp 60 cells
Rshunt - Rserie | RShunt expen.  Temper. coeff.

i e S —
Basic model paramete Defauk

Shunt resistance Rsh |220 | Ohm Model through given Isc, Mpp, Voc
Series res. (model) Rs [0.297 | Ohm 2 \nc\der:ﬂrrad. :10?0"‘4"'"‘. Cé“lﬂemp- :?E“C
Max. series res. for the model 0.328 @
Series res. (apparent) dv/dl 0.46 Q
Diode satur. current IoRef 0.059 nA
Diode qualtty factor Gamma 1.04 - 0.001/K =
Voltage temp. coeff. muVoc-152.6 mv/°C %
The IjV characteristics has to pass through the al
three given points Isc, Mpp and Voc. _
Diode saturation current, quality factor and Voltage ;fmn - ?] D;;;g
temperature coefficdent are determined by this 1N sere =
requirement. (7] — RSmax-02220

0 L ! !

0 10 20 30 40 50
Voltage [V]
ph
@ 1V curve PV curve Rel, effic

This page summarizes other parameters, as calculated when establishing the one-diode
model.

NB: here the "muVoc"” temperature coefficient is a result of the model. It cannot be
matched to the datasheet's specified value. This coefficientin only used during the sizing
(safety low-temperature condition), it is not involved in the simulation.

Proceeding to define the “Rshunt exponential”. In absence of real measured values,
leave the parameters at their default value.

Lastly the “Temperature coefficient", is defined by Pmpp temperature coefficient, as
specified on the datasheet:

Description  Generic, Mono 325 Wp 60 cells

Rshunt -Rserie  RShunt expon. | Temper, coeff,

muPMax and muVco Temperature Voltages & Power f{Temp.)
coefficient setting 7 ]

45 T T T T T 80
Temperature correction on Gamma

1340

Apply the correction Default wf TN T Pref=324.3 Wp
e EmDE{;:;TE;; 230 e Temperature coefficients
=5 Gamma temp. coeff = 0,127 %/°C s % Voltage Ucc 0.33 %/K
muPmax and muVoc Temperature coeffidents are § 3 Current Isc 0.06 %/K
e S e e o, * ouputPmpp 0.4 %K

This tool allows for modifying the Gamma parameter

220
according to temperature, in order to get any desired 2k Woc -152.7 mVIK (-0.37 %/K)
muPmpp value spedfied by the manufacturer. Wmpp: -149.0 mV/K (-0.44 %) 1200
Pmpp: -1424.9 MWK (-0 44 %K)
15 L . . L L 180
10 20 60 70

z?ﬂudu\e%gmp [Tiu

This is a fundamental parameter for the simulation. PVsyst modifies slightly the usual
One-diode model to get the exact specified value.
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NB: The Current Isc temperature coefficient has been specified on the first page.

The Voltage Uoc temperature coefficient may not match the value calculated by the
model (Page "Model parameters > Rshunt-RSerie).

This is not important, only used during the sizing for the voltage limits. If you want to
use the value specified by the manufacturer, you can define on the page "Additional
data” and choose to use itin the project's parameters.

"Graphs” tab:

Now the model is fully determined: you can see the results either as graphs or on the
"Basic data" page > "Internal Model result tool", for any Irradiance and temperature
conditions.

PV module: Generic, Mone 325 Wp 60 cells

25 . T T T T T T

7

icimy ot Pmas (%)

[T

Cells temp. = 10°C Relative efficiency

Cells temp. = 25-:C with respect to STC

Cells temp. = 40°C 1000 Wi, effic. = 20.00 %

Cells temp. = 55°C .

| Cells temp. = 70°C 800 Wi, +0.3 % :
500 Wi, 0.2 %

400 Win#, -0.6 %
200 Win®, -3.0 %

0 I 1 1 1
] 200 400 600 200 1000

Incident global [Wim®]

"Additional Data” tab consists of:
e "Secondary parameters": sometimes useful parameter.

e "JAM": if you want to define a specific IAM profile for this module (special AR
coating, etc.).

o "Low-light data": Explicitly specify low-light performances if measured.

e "Measured I/V curve": allows to determine the model parameters from a
measured I/V curve.

Do not mind unless special requirements.

The "Commercial"” tab gives the following information:
e Coordinates of the manufacturer (web site).
e Availability (years of introduction and possible retrieval from the market).
e Prices of the component (you may specify them by yourself).

"Show optimization" button: Allows to modify the parameters and immediately see the
effect on the behaviour of the module.

"Copy to table" button: Exports the PAN file definitions as one line to an EXCEL
document.
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2 Grid Inverter definition in PVsyst

We will define the Inverter in PVsyst (.OND file) by defining a new inverter from the

datasheet.

= |
[ A
Grid inverter

NB: in practice, it is much easier to start from a similar component that exists in the
database, modify its parameters according to the datasheets, and save it under a new file
name, therefore creating a new component in your database.

2.1 Defining an inverter from Datasheets

Typically, the first page gives the generalfeatures and the second page gives the technical
specifications.

When opening a new inverter, we start by defining the "basic data" (similarly to the PV
module):

e the model,
e the manufacturer (the same name if already existing in the database),
e the data source (and possibly date of recording),

e thefile name, which is the primary key in the database, and should be unique.

The convention in PVsyst is to define the filename as” Manufacturer_Model. OND. “

Main parameters | Effidency curve Additional parameters  Output parameters  Sizes and Technology Commerdial data

Model 7.5 kWac inverter Manufacturer |Generic
File name Generic_7_5kW.OND Data source |Generic device
d Custom parameters definition Prod. Since 2020

Then, we have to complete the main parameters on the datasheet, i.e., the input side,
output side and efficiency.

—Input side (DC PV field) —Output side (ACgrid}—————————————————————
Minimum MPP Voltage 150 v ® Monophased requency
|
Min. Voltage for PMom /A W Triphased B 5otz
Biphased 60 Hz
Maximum current per MPPT NJA A
Mominal MPP Valtage 450 W Grid Voltage 230 v
Maxil HMPP Volta, v
amum oltage 750 Hominal AC Power 7.50 kVA
Absolut: . PV Volta v
solute max. PV Voltage 500 Maximum AC Power 500 | WA
Default Nominal AC : A
lominal AC currer ¥
Power Threshold 60.00 | W 7] 18.00
Maximum AC current 20.00 A
Contractual specifications, without —Effici
real physical meaning Required
Maximum efficiency 98.50% d
Nominal PY Power 5.00 kw EURO efficiency 98.00%
Maximum PV Power 10.00 lew Efficiency defined for 3 voltages
Maximum PV Current 38.00 A
i - -
;=i= PVSY('T PVsyst SA - Components Databases Page 8
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Input side: mainly concerns the voltage conditions.

Technical data Sunny Tripower Sunny Tripower Sunny Tripower Sunny Tripower

12000TL-US 15000TL-US 20000TL-US 24000TL-US
Input (DC)
Mazx. usable DC power (@ cos g = 1) 12250 W 15300 W 20400 W 24500 W
Mazx. DC voliage™ 1000 v 1000 V 1000V 1000V
Rated MPPT valioge range 300V..800V 300V..800V 380 V..800V 450V..800V
MPPT operating voltage range 150 V.. 1000V 150 V.. 1000V 150V..1000 V 150V..1000 vV
Min. DC valtage / start volioge 150V /188 V 150V / 188V 150V / 188V 150V / 188V
Mumber of MPF tracker inputs z ] 2 2
Mazx. input current / per MPP tracker input GOAFIIA GOAS33IA 66A/33A 66ASITA

"Minimum /Maximum MPP voltage": the voltage range for the MPP operation.

In the PVsyst model, when attaining one of these limits, the inverter will "clip"
the operating voltage to the limit voltage. We suppose that this corresponds
to the «Rated MPP voltage range".

We don't know exactly what the behaviour of the real inverter is outside of this
range (what is specified as "MPP operating voltage range", 150 ... 1000V). This
is notinvolved in PVsyst.

"Minimum voltage for PNom?”: this is specified for some inverters: under this
voltage the inverter will not be able to yield its full nominal power. This
corresponds indeed to an input current limitation.

"Nominal MPP Voltage": sometimes specified, not used in PVsyst.

"Absolute Maximum PV voltage": this is the voltage which should not be
exceeded, under the worst conditions: lower possible temperature and 1000
W/m?2.

"Power threshold": when using an automatic efficiency profile, this value is
necessary and cannot be lower than 0.5% of Pnom.

"Nominal and Maximum PV power" are not used in PVsyst, except when they
are a contractual condition which affects the guarantee of the device (case
"Required" checked). Inthis case they prevent simulation of the system.

"Maximum PV current» is sometimes specified (ISC of the array)), but not used
in PVsyst.
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Output side: grid-connection conditions.

Output [AC)

AL nominal power

Max. AC apparent power
Output phases / line conneciions
Mominal AC voltage

AC voltage range

Rated AC grid frequency

AC grid frequency / range
Max. output cumrent

Power factor ot rated power / adjusiable displacement

Harmanics
Efficiency
Max. efficisncy
CEC efficiency

"Frequency":

12000 W
12000 VA

144 A

98.2%
97 5%

15000 W 20000'W
15000 VA 20000 VA
3/ 3NPE
480 / 277 V WYE
244V, 305V
40 Hz
50 Hz, 60 Hz /-6 Hz..+5 Hz
18A 24A
1 / 0.8 leading...0.8 logging

<3%

9B2% 98.5%
97.5% 97 5%

24000 W
24000 VA

29A

98.5%
98.0%

do not understand well what is meant by "AC grid frequency range".

Here "Rated AC grid frequency" is 60Hz (for US market); we

e "Grid voltage" is specific for US. The usual voltage is 400 V (in Europe). This

voltage may be used in the simulation if AC losses are defined.

e "Nominal AC Power":

e "Maximum AC Power":

if phase shift is allowed, this limitation is usually
applied to the apparent power, and therefore expressed as [kVA].

some manufacturers allow to overcome the Pnom

value if the temperature is not too high. This behaviour will be specified on the

4" page "Output parameters".

e "Nominal and Maximum AC current" are not used in PVsyst.

aPVsysT
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Efficiency variables:

e "Maximum and Euro or CEC efficiency» values are a result of the second page
(not editable here).

o "Efficiency defined for 3 voltages" should be checked here when using this

feature.

After completing the basic data, we proceed to the "Efficiency curve" tab.

Since we do not have the description of a full curve, we define the efficiency profile
according to the datasheet:

e Maxefficiency =98.2 %

e CEC efficiency=97.5%

Main parameters | Effidency curve | Additional parameters  Output parameters  Sizes and Technology  Commercial data

Description Generic, 7.5 kWac inverter

P Out=f(PIn)

=> Effective PNom limit  7.50 kw

—Input voltag A ic profil
Builds profile from given effidendies
The effidency profile given here M i
is not input-voltage sensitive. ax. emaency 98.50 | %
® EURO effidency .00 | % ')
CEC effidency
[ Display d Unif
@ Efficency=f (P In) Show behaviour at |50 < @ w
Effidency= f (P Out) and CosPhi= |1.00
@kw

120

L[] SEEEE ey

= T°C=50°C, CosPhi=1.00

Efficiency [%]
2 3
j

4 5
P In (DC) [KW]

—Values

Thresh. |0.080
0,225
0.375
0.750
1.500
2.250
4.500

7.500

L) Insert |

v Validate

Res, factor

Pthresh eff,

PIn (DC) Efficency [%]

0.00

87.18
92.27
95.04
97.82
98.31
98.50

98.16

¥ Delete ‘

3.0
W €D

NB: For the PVsyst database, the manufacturers usually specify their efficiency profiles
as curves, often for 3 voltages. However, these values are not present on the datasheets.

aPVsysT
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The "Additional parameters" tab gives miscellaneous information that you have to
gather onthe Datasheets. Amongthese information, only the "multi-MPPT capability" and
"number of MPPT inputs" are really used for the system definition and simulation.

The "Auxiliary consumptions" are marginally used as default when defining the detailed

losses.

You will get a warning if you use a transformer-less inverter with amorphous modules.

Description

Generic, 7.5 kWac inverter

Main parameters ~ Effidency curve | Additional parameters | Output parameters ~ Sizes and Technology  Commercial data

—Multi - MPPT-

(83 Multi MPPT capability

Number of MPPT inputs 2

Unbalanced MPPT

9

Nat specified

@ Transformerless
Transfo (not spec)
LF transfo
HF transfo

—Inverter night consumption

Night consumption 0.0

w

Fans and auxiiaries 0.00

... from output power [0.0

kw
kw

—"String" inverts

With securities on inputs

nputs |1

—Master / Sk

—Other

® No M/S capabiity
Master

Number of DC inputs 5

Slave N NjA
Master [ Slave

Internal M/5

Isol. monitoring

DC switch

AC switch

AC disconnect adjust
ENS

[SJISIOJICIIOI

"Output parameters" tab includes:

e Power factor that specifies the capabilities of this inverter for producing reactive

energy. Producing reactive energy (Phase shift) may be a requirement of the grid
manager.

Itis normally an operating parameter (command) set by the operator of the plant.

- "Tan(phi) min/max» or «Cos(phi) Leading/Lagging": the limits which may be set for
this inverter. But the real value to be used for the simulation will be specified in
the "Miscellaneous parameters" of the calculation version.

"Nominal AC power (PNom) defined as ...": specifies whether the nominal output power
Pnom applies to the Active power [kW] or the Apparent power [kVA].

PVsyst SA - Components Databases Page 12
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In practice, this is most often applied to the Apparent power, as this corresponds to an
output current limitation.

Main parameters Efficency curve  Additional parameters | Output parameters | Sizes and Technology  Commerdial data

Description Generic, 7.5 kWac inverter
—Power fact imum AC Power f({ }
% Allows pows i
[ Allows power factor specification © Nom. AC Power 75 KVA wpto [50 o
Tan {phi) min |-0.335 |  Cos (phi) min |0.930 & allows overpawer
Tan {phi) max |0.385 | Cos (phi) max |0.930 Max. AC Power 8.0 kvA at |25 C

—Nominal AC Power definition

High temperature limitation

© apparent poner [kva] power limit #1 69 |kwac ats0 | o

wer [k
Active Power [ki] Fower limit abs. 40 |kwac st | oc

—Temperature evaluation for limits———

In the simulation, by default the inverter 10 T T T T
temperature is the external ambient
temperature {outdoor installation).
A
This strategy can be medified in the project
area, Miscelleanous Tools™ (Inverter =
Temperature tab) = o
I
oL
0 . . i . .
20 30 40 50 &0 70 a0

Temperature [°C]

e Max. AC power f(Temperature)

- Manyinverters specify a "PNom" value, and a “PMax value", representing a power
attainable when the temperature is not too high.

- "Allows overpower" specifies if this is implemented for this inverter.
- Theinvolved PMax is specified on the "Main parameters" page.
- If notdefined or equal to the PNom value, this option is disabled.

- "High temperature limitations": defines other limitations as f(Temperature) on
PNom.

NB: The temperature involved in these specifications during the simulation is specified in
the "Miscellaneous Tools". It may be the ambient temperature (outdoor installation), the
ambient plus a constant, or a fixed (room) temperature.

"Sizes and Technology" tab:

"Technology specificities" allows to specify some features in 5 lines of free text
maximum.

"Operating conditions — Behavior at limits": Never modified, don't mind.

"Commercial" tab: Identical to the corresponding page for PV modules.
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