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INTRODUCTION

This document is a first step of a series of tutorials which explain the use of
PVsyst Version 7 and may be understood as a PVsyst user's manual. It contains
three different tutorials describing the basic aspects of the simulation:

e Creation of a grid-connected project
e Construction and use of 3D shadings scenes
e Meteorological data in PVsyst

More tutorials are in preparation and will be added in the future. They will
explain in more detail the different features of PVsyst. The complete reference
manual for PVsyst is the online help, which is accessible from the program
through the “Help” entries in the menus, by pressing the F1 key or by clicking

on the help icons &# inside the windows and dialogs.
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Part 1: Basic Approach - My First Project

1- First contact with PVsyst
When opening PVsyst you get to the main page:

€ PWsyst 7.0 - LICENSED

File Preliminary design Project Settings Language License Help

gi Welcome to PVsyst 7.0

Project design and simulation

* x T
Grid-Connected Stand alone Pumping
Utilities
S Ay e
Databases Tools Measured Data
Recent projects o Documentation
Open PVsyst Help (F1)
Q [ 1]
F.A.Q. Video tutorials

P Pusyst user workspace

C:\Tuto\PVsyst7.0_Data | 4. Manage | | T4 switch ‘

‘ ] it ‘

This gives access to the four main parts of the program:

“Project design and simulation” is the main part of the software and is used for the complete study of a
project. It involves the choice of meteorological data, system design, shading studies, losses
determination, and economic evaluation. The simulation is performed over a full year in hourly steps
and provides a complete report and many additional results.

“Recent projects” allows you to quickly find and modify your recent projects

“Documentation” will help you in the realization of your different simulations with the help of PDF
tutorials, Videos and a FAQ.

“Pvsyst user Workspace” contains all data created by the user. The default place is
C:\Users\<username>\Pvsyst7.0_Data but this can be changed by the user



2- Full study of a sample project

Project specifications and general procedure

For an introduction to the development of a project design in PVsyst, we will walk through a full project
step-by-step. As an example, we will consider a farm located in Switzerland close to Geneva. The
building in question is shown on the following sketch:

35m

8m

Elévation : Pente toiture 25° /\

Sut tous cotés:
avant-toits de 0.5 M H=5m

The roof of the farm is facing south. A roof surface of 125 m? is available, and we plan to cover 50 m? of
them with mono-crystalline PV modules.

As explained before, we will not use the “Preliminary Design” for a grid-connected project, but rather
start the complete “Project design”.

L PVsyst 7.0 - LICENSED

File Preliminary design Project Settings Language License Help

=-= Welcome to PVsyst 7.0

Project design and simulation

3 = T
Grid-Connected K% Stand lone Pumping
Utilities
S AY @
Databases Tools Measured Data
Recent projects o Documentation
Open PVsyst Help (F1)
Q [ 7]
F.AQ. Video tutorials
=7 Pysyst user workspace
C:\Tuto'Pysyst7.0_Data | 4. Manage | ‘ 11 switch |

‘ e ‘



When you choose "Grid connected" project, you will get the following dashboard for the management
of a project:

[ 2 Project: New.PRJ

Project Site Variant

PrOjeCt + New |77 Load Save 0 Project settings Delete A client 7]
Project's name IFarm at Geneva | Client name Mot defined
Site File | +
Meteo File I ™ la @ (7]
Please choose the geographical site.
Variant New Save Import Tl Reorder Delets d
Results overvi
Variant n® VCO : New simulation variant
System kind No 3D scene defined, no shadings
System Production 0.00 kWwhjyr
. - . .
—Main parameter ~Option Specific production 0.00 KWhWp/yr
@ Crientation Performance Ratio 0.00
Run Simulation Mormalized production 0.00 kWwhkwp/day
@ System (@) Near Shadings Array losses 0.00 kWh/kwp/day
~ ~ System losses 0.00 kWh/kwp/day
(@ Detailed losses @) Module layout Advanced Simul.
@) Self-consumption (‘) Energy manag. Report
@) Storage '@) Economic eval. Detailed results
‘ O\ System overview ‘ —:D] Exit ‘

The dashboard has two parts: The Project basic definitions and the System variant management.

The ‘Project’ in PVsyst, is just a central object for which you will construct different variants (also called
system configurations or calculation variants) of your system. The Project contains the geographical site
of your system, the reference to a file with the meteorological data, and some general parameters like
the Albedo definition, some sizing conditions and parameters specific to this project. In the PVsyst
workspace it will get a filename with the extension *.PRJ.

Each System Variant contains all the detailed definitions of your system, which will result in a simulation
calculation. These definitions include the choice of solar panels and inverters, the number of panels and
inverters, geometrical layout and possible shadings, electrical connections, different economic
scenarios, etc. In the database, the files with the Variants of a project will have the Project's file name,
with extensions VCO, VC1, VCA, etc. You can define up to 936 Variants per project.




Steps in the development of a project
When developing a project in PVsyst, you are advised to proceed in small incremental steps:

— Create a project by specifying the geographical location and the meteorological data.

— Define a basic system variant, including only the orientation of the PV modules, the required power
or available area and the type of PV modules and inverters that you would like to use. PVsyst will
propose a basic configuration for this choice and set reasonable default values for all parameters
that are required for a first calculation. Then you can simulate this variant and save it. It will be the
first rough approximation that will be refined in successive iterations.

— Define successive variants by progressively adding perturbations to this first system, e.g., far
shadings, near shadings, specific loss parameters, economic evaluation, etc. You should simulate
and save each variant so that you can compare them and understand the impact of all the details
you are adding to the simulation.

Tips - Help
In PVsyst, you can always get to the context Help by pressing F1. Sometimes you will also see little blue
question mark buttons &#. Clicking on them will lead to more detailed information on the topic in the

Help section.

When PVsyst displays messages in red, you are advised to carefully read them! They may be either
warnings or error messages, or they can be procedures that should be followed to get a correct result.

Defining the Project
In the project dashboard click on «New project» and define the project's name.

Then click on “Site and Meteo”.

® Choosing a geographical site

Current geographical site: Geneva_~Cointrin (Original PVsyst database)
Click on OK to transfer to the project area.

Search Igeneva| I All countries |

File name Town Country Data source

Gallivare Gallivare Sweden MeteoNorm 7.2 station
Gallup MunifClarke Gallup Muni/Clarke United States Meteokorm 7.2 station
Gambell Gambell United States MeteoNorm 7.2 station
Ganaca/Shaliuhe Ganacaj/Shaliuhe China Meteokorm 7.2 station
Ganzhou Ganzhou China Meteoorm 7.2 station
Gaoua Gaoua Burkina Faso MeteoMorm 7.2 station
Garden Island Garden Island Australia Meteoorm 7.2 station
Garissa Garissa Kenva MeteoMorm 7.2 station
Garze Garze China MeteoMorm 7.2 station
Gaviotas Gaviotas Colombia MeteoNorm 7.2 station
Gaziantep Gaziantep Turkey Meteoorm 7.2 station
Geisenheim Geisenheim Germany MetecMorm 7.2 station
Gela Gela Ttaly MeteoNorm 7.2 station
Gen. Heriberto Jara Gen. Heriberto Jara Mexico MetegMorm 7.2 station
Gera/Leumnitz Gera/Leumnitz Germany MeteaMorm 7.2 station
Geraldton Airport Geraldton Airport Australia MeteoNorm 7.2 station
Geyberga Island Geyberga Island Russian Federation Meteoorm 7.2 station
Giessen Giessen Germany MeteoMorm 7.2 station
Gifu Gifu Japan MeteaMorm 7.2 station
Gifu Gifu Japan MetecMorm 7.2 station
Giles Met Station Giles Met Station Australia Meteoorm 7.2 station
Giswil Giswil Switzerland MeteoNorm 7.2 station
Giza/Al Jizan Giza/al Jizan Eqypt MeteoNorm 7.2 station
(Gioa Haven Airport Gijoa Haven Airport Canada MetecMorm 7.2 station
Gladman Point Arpt Gladman Point Arpt Canada MeteoNorm 7.2 station
Glasaow Airport Glasgow Airport United Kinadom MetecMorm 7.2 station
Clasaow Intl Arpt Glasgow Intl Arpt United States MeteoNorm 7.2 station
Glentipy Glentipy Australia Meteoorm 7.2 station
Glenview Nas Glenview Nas United States MeteoNorm 7.2 station
Goa/Dabolim Goa/Dabolim India MeteoNorm 7.2 station
Goa/Panim Goa/Paniim India MeteoMorm 7.2 station
Godhavn Godhavn Greenland Meteoorm 7.2 station

‘ oy | Set favorites ‘ ‘ w Export ‘ ‘ + hew ‘ Delete ‘ [~ Open ‘ ‘ o cancel ‘ | oK

You can either choose a site from the built-in database, which holds around 2,550 sites from
Meteonorm, or you can define a new site that can be located anywhere on the globe. Please refer to the
7



tutorial “Meteorological Data management" if you want to create or import a site other than those
available in the database.

The project’s site defines the coordinates (Latitude, Longitude, Altitude and Time zone), and contains
monthly meteorological data.

The simulation will be based on a Meteo file with hourly data. If a near meteo file exists in the vicinity
(less than 20 km), it will be proposed. Otherwise PVsyst will create a synthetic hourly data set based on
the monthly meteo values of your site. However, you can always choose another Meteo file in the
database. A warning will be issued if it is too far from your site.

NB: If you start by choosing a meteo file, you have the possibility of copying the site associated with this
file to the Project's site.

In the project dashboard you can click on the button "Project settings" which will give you access to the
common project parameters, namely the albedo values, the design conditions, design limitations and
interface preferences.

[ Project settings

Albedo | Design conditions ~ Other limitations ~ Preferences

Albedo values d —Usual values for albedo——

Urban situation 0.14-0.22

[Honthly value Grass 0.15-0.25

Jan. (0,20 | July [0.20 Fresh Grass 0.26

Fresh snow 0.82

Feo. [n.20 | Aug. [0.20 et , Wetsnow 0.55-0.75

Mar. 0,20 Sep. |0.20 a common valu Dry asphalt 0,09 -0,15
"

s o] o [ || mmeeke RE] SR 0

May 0,20 Nov. |0.20 (Default: albedo =0.2) Red tiles 0.33

Aluminium 0.85

Jure |0.20 Dec. [0.20 Mew galvanised steel 0.35

Very dirty galavanised ste  0.08

x Cancel | ‘ oK

Usually you will never modify the albedo factor. The value of 0.2 is a standard adopted by most people.
Nevertheless, if for example your site is located in the mountains, you can define in this table a higher
albedo factor like 0.8 for the months with significant snow cover.

The second tab in the project parameters dialog contains the "Design Conditions" page.



Albedo | Design conditions | Other limitations  Preferences

Site-d q .
ity p design par

Reference temperatures

for array design by

respect to the inverter

input voltages

0 Lower temperature for Absolute Voltage limit °C

Winter operating temperature for VmppMax design @ oC
Usual operating temperature under 1000 W/m =C
Summer operating temperature for YmppMin design °C

Default

(<< < <]

—Other design par

—Array Max. voltag

® IEC {usually 1000 V)
O UL (usually 600 V)

@® From one-diode model
O From specification

7]

—Transposition Model for this project:

O Hay model (robust)

® Perez-Incichen model (sophisticated)

17}

Limit overload loss for design %

This page defines sizing temperatures, which may be site-dependent. These are only used during the
sizing of your system; they are not involved in the simulation.

The "Lower temperature for Absolute Voltage Limit" is an important site-dependent value, as it is
related to the safety of your system (it determines the maximum array voltage in any conditions).
Ideally, it should be the minimum temperature ever measured during daylight at this location. In Central
Europe the common practice is to choose -10°C (lower in mountain climates).

3- Saving the Project

When you are finished (i.e. you have gone to the Variant choices), you will be prompted to save the
project. The dialog that comes up allows you to rename the project. We recommend that you use a
simple filename, since it will be used as a label for all the Variants.

H W ok

intrin_Project.PR1

Project Site Variant

Project New |7 Load H Save o Project settings & dient 0
Project's name |Farm at Geneva | Not defined
Site File Geneva/Cointrin MeteoNorm 7.2 station Switzerland q & +
Meteo File [Geneva_MN71_SYN.MET. Meteonorm 7.1 (1991-2010) a @ (7]
Selected Meteo file: "Geneva_MN71_SYH.MET".
Please save the project.
Variant New ] save Import Tl Reorder 0
- Results overvi
Variant n® VCD: New simuiation variant
System kind No 3D scene defined, no shadings
System Production 0.00 kihjyr
)
'ain parameter: P Specific production 0.00 KWh/Wpjyr
@ Orientation @ Horizon Performance Ratio 0.00
Run Simulation Normalized production 0.00 kitth/kWipfday
@ system @ Near Shadings Array losses 0.00 ki kip/day

@ Detailed losses
@ 5elf-consumption

@ Storage

@ Module layout
(@ Energy manag.

@ Economic eval.

Advanced Simul.

Report

Detailed results

System losses

0.00 kivh/kWip/day

Q System overview




Creating the first (basic) variant for this project

After having defined the site and the meteorological input of the project, you can proceed to create the
first Variant. You will notice, that in the beginning there are 2 buttons marked in red: “Orientation” and
“System”. The red color means that this variant of the project is not yet ready for the simulation,
additional input is required. The basic parameters that have to be defined for any variant, and that we
have not specified yet, are the orientation of the solar panels, the type and number of PV modules and
the type and number of inverters that will be used.

Cointrin_Project.PR]

Project Site Variant

Project | ten P Load H Save ° Project settings 'm' Delete | am Cllent Q
Project's name [Farm at Geneval ]  clientname Not defined

Site File Geneva/Contrin MeteoNorm 7.2 station Snitzeriand q = | ¥

Meteo File |Geneva_mn71_syn.vET Meteonorm 7.1 (1991-2010) Synthetic 6 km ~] a @ (7]

The orientation is not defined.

Variant F pew o save | | Iport 11 Reorder Delete 0

Its

Variant n° [vco: New smuiation variant ~]

System kind No 3D scene defined, no shadings

System Production 0.00 kihfyr
. o .
lain parameters P Spedific production 0.00 kvihfkwpjyr
| (@ Orientstion | ‘ @ Horizon | Performance Ratio 0.00
Run Simulation MNormalized production 0.00 kWh/kWpjday
| (@) System | ‘ (@) Near Shadings | Array losses 0.00 kWh/kwp/day
System losses 0.00 kwih/kiip/day
(@ Detailed losses @ Module layout Advanced Simul.
@ Sself-consumption @ Energy manag. Wi Report

@ storage @ Economic eval, Detailed results

First, click on "Orientation". You will get the orientation dialog where you have to supply values for the
type of field for the solar installation and tilt and azimuth angles.

[ Orientation, Variant "New simulation variant™

|31 Ra W Fixed Tilted Plane ~

Field paramete:

Plane it oy
Azimuth

Tilt 25° Azimuth 20°

‘ / iest East

South

—Quick optimizati
~— Optimization by respect to

@ Yearly irradiation yield
O Summer (Apr-Sep) 14 . 14 . . .
O winter (Oct-Mar)

12 g 1.2 :/—ﬂ\'
_Vearly meteoyiekd— 10 /_\ 1.0
.gH FTransp .15

Transposition Factor FT 115 B 0.8 E
Loss By Respect To Optimum -2.6% A | 0 |
Global on collector plane 1493 kWh/m?2 kY -%0 80

50

=30 30
Plane origntation

‘ K concel | ‘ o ok

10



The solar panels in our example will be installed on a fixed tilted plane. From the project's drawing (page
5) we get the Plane Tilt and Azimuth angles (25° and 20° west respectively). The azimuth is defined as
the angle between the South direction and the direction where the panels are facing. Angles to the west
are counted positive, while angles to the east are counted negative.

After setting the correct values for tilt and azimuth, you click on "OK" and the “Orientation” button will
turn green. Next click on "System".

Presizing Help

From the system description, we remember that we have an available area of around 50 m?2. It is not
mandatory to define a value here, but doing so will simplify our first approach as it will allow PVsyst to
propose a suitable configuration.

Select a PV module

Choose a PV module in the database. Among "All modules", select "Generic" as manufacturer and select
the 300 W model. In the bottom right part of the dialog PVsyst will display a hint for choosing the
inverter: "Please choose the Inverter model, the total power should be 7 kW or more."

® Gid system definition, Variant VCO: "Mew smulation variant™

Sub-array 7] List of subarrays 7 ]
—Sub-array name and Orientat -Presizing Help i v A
Name O No sizing Enter planned pawer O kiip o L
- Tt 250 | [y - #Mod  #String
Orient,  Fixed Tilted Plane Adimuth 200 | o =i | .. or available area(modules) @ (s ['m2 Name Py T
lect the PV module PV Array :
- Generic -Mono 300 Wp 60 cels 1 1
[Available Now | Fiter [MIPVmodues | Maximum nb. of modules 30 » : .
o
nGenemc =l )| ciopen

[ Use optimizer
Sizing voltages : ¥mpp (60°C) 26.7 V
Voc (10°C) 429V

Select the inverter

50Hz
Available Now ~|  Inverter Info

BeoHz
[Armanufacurers ] | | Open
Number of inverters Operating voltage: 300-600 V  Global Inverter's power 0 KWac
Use multi-MPPT festandary unused INPUt maximum voltage: (L
Main input Secondary

Design the array

[ Number of modules and strings | Operating conditions Plezse choose the Inverter model. |
The total pawer shouid be 7.0 kil (optimal) or
L7 27 i T JEEEED Global system summary
Mod. inseries (1| only possiility 1 Nb. of modules .
No.stings  [L_] only possibility 1 P - Module zrea 2ms
" [T AR Bl . Nb. ofinverters 1
verload loss Max. operating power 0.3 kw N
Overload loss 0.0 % ) . ZelE A Neminal PY Power
Priom ratio 0.00 G PR LIRS
Maximum PV Power
nb. modules 1 Area 2m 9.9A Array nom. Power (STC) 0.3 kip Nominal AC Power
‘ Q System overview o, Simplified sketch ‘ ‘ K cancel ‘ ‘ o o

Select the Inverter

For the installation in our example we can choose a monophased inverter of around 7 kW. We choose
the Generic 7.5 kW inverter, and PVsyst proposes a complete configuration for the system: 1 inverter, 2
strings, each with 15 modules connected in series.

11



® Grid system definition, Variant VCO: "New simulation variant”

Sub-array 0 List of subarrays 0
—Sub-array name and Orientati —Presizing Help +
= AB vV A
Name [PV Array O No sizing Enter planned power O lwp o
o #Mod #5iring
Orient.  Fixed Tilted Plane 30 [ resze | - oravaiabie srec(odis) @ me Name Tt
~Select the PV module Ay
i Generic-Mono 300 Wp 60 cells 15 H
[vailable Now ] Fiter [AlPVmodes - Maximum nb. of modules 30 )
i Generic - 7.5 kWac inverter 1 H
| Generic | [soowo 27y simena Mono 300 Wo 60 cells Since 2020 Typical ~] ‘ ©, Open
[ use optimizer
Sizing voltages : Vmpp (60°C) 26.7 V
Voc C10°0) _42.9 v
Select the inverter
50 Hz
Available Now | Output voltage 230 V Mono 50Hz 50 Hz
| Generic | [75kw 150-750v TL  sofeokz 7.5 kwacinverter Since 2020 ~] ‘ ©, Open ‘
Nb of MPPT inputs : Operating voltage: 150-750V  Inverter power used 7.5 kiiac
Use multi-MPPT feature Input maximum voltage: 900V inverter with 2 MPPT
~Design the array
—Number of modules and strings — Operating conditions
g Vmpp (60°C) 400 V Global system summary
. vimpp (20°C) 483
Mod. in series [Obetween 6 and 21 Voc (~10°C) 543 v Nb. of modules 30
- Module area 49 m?
Nb. str 2 2 onl bility 2
Shines o B oniy possbity Plane iradiance 1000 W/m? OMax.indata @ s7C Nb. of inverters .
Overioad oss 0.0 %% ; Impp (STC)  18.3 A Max. operating power 8.0 kW . N
o= T [ = snowszng | @ e v at 1000 Wjm? and 50°C) Nominal PV Power 9.0 kwp
S Maximum PV Power 8.4 kWDC
nb. modules 30 Area 49 m? Isc(atSTC) 19.8A Array nom. Power (STC) 9.0 kip Nominal AC Power 7.5 kWAC
| QSysmm averview | T, Simpiffied sketch ‘ | H cancel ‘ | o

After the module type, the inverter and the design of the array have been defined, the blue panel in the
bottom right part of the dialog should be either empty or orange. If you get a red error message, check
all choices you made and correct them to the values described above (it may take a short moment for
the message to adapt to the changes you make).

We have now defined all mandatory elements that are needed for a first simulation. We will go through
more details of this very important dialog later in this tutorial. For now, you can click on "OK" to validate
the choices. You will get a message box with the warning: “The inverter power is slightly undersized”.
For the time being we will ignore it and just acknowledge with the OK button.

Message colors in PVsyst

In many of the PVsyst dialogs you will be prompted with messages that are meant

to guide you through the different steps of the definition and execution of a

simulation. The color of the text gives you a clue on how important the message

is:

- Messages in black are additional information or instructions on how to
proceed.

- Warnings in orange indicate design imperfections, but the system is still
acceptable.

- Errorsin red mean serious mistakes, which will prevent the execution of the
simulation.

A similar color code is also valid for the buttons on the project's dashboard (in

addition a greyed-out button means “has not been defined”).

12



4- Executing the first simulation
On the Project's dashboard, all buttons are now green (possibly orange) or Off.

The "Run Simulation" button is activated, and we can click on it.

Spedfic prod. 1221 kihpfyr Array losses 0.43 KhjWp/day
Performance Ratio 71 System osses 0.07 khjkip/day
Ste GenevaCointrin PVmodues  Mono 300 Wp 80 cels  Inverter 7.5kWacinverter
System type  Grid-Connected Nominal power .00 kWp  Inv. unit power
Smulaton  01/0110 31/12 PP Voltage 319V Nbof MPPTinputs 2
_ (Generic meteo dats) PP Current 9.4

Project  DEMOResidential system at | PV Array

SystemProduction 10993 kiWhjyr  Normalizedprod. 335 KWhjkp/day

> Run Simulation

| ) Advanced Simul.

| i Report

Array Temperature vs. Effective Irradiance

System Output Power Distribution . Report

T
Values from 01/01 to 21/12
stc

R T S ——]

T T
F —— Values from 01401 o 3112

[ Tables
| Predef. graphs
[ Hourty graphs

) 200 1000 1200 o

H a0 500 200
ciive Giobal, cor. for I and shadings [
(R Temperatre v e eI Gl corr. ol and sacigs ]

| |~ Detailed results

Daily InputiOutput diagram

g 5

:
ol =T [ T

Array Voltage Distribution

- g
Lt

T T
sof ©  Values from 0110110 3112

‘J,.:%*

gy et o id R |

:

Fraqucy [Houw ! Bin]
8

—— Values from 01101 to 31112

—————— O rerr

[ Load
g Prnt

B
T

i

0 z © B 5 0 30

‘Gibal incident i col.
[Daly Input/Output dizgram

iant “First simula

—Simulation b

380

w0 e a0 a8l
Array votage [V]

[ Den't ask me again (| can save later)

Variant IFlrst simulation

Hourly data storage

‘ .~ Batch simulation

[ Spedial graphs ‘ l:l Optimization tool

C ), Comparisons ‘ Ageing Tool

Project DEMO Residential system at Ge PV module Mono 300 Wp 60 cells  Inverter 7.5 kWac inverter

Site Geneva/Cointrin Unit power 300 Wp Unit power 7.5 kw

Horizon Free Horizon Nb. modules 30 Mb. inverters 1

System Grid-Connected Array Power 9.00 kwp Prom AC 7.50 kwac
liminary definiti —Simulation dat:

Optional further definitions, These dates correspond to the dates of your

For refined data analysis o = Output File meteo file, They cannot be overcome.

only.

from [01/01/1230 | B8 Meteo beginning
upto [31/12/1920 | B Meteo end

MNEB: 1990 indicates a generic year, i.e. which
doesn't correspond to really measured data for a
given time

> Simulation I! Results

utput File .csv:
() Enable output file

Close |

The simulation dates are those of the underlying meteo data file. Don't modify them (you cannot
perform a simulation outside of the available meteo data).

The preliminary definitions are additional features which may be defined for advanced purposes. We
will skip them for now, and click right away on “Simulation”.

13



Progression, elap

Executes the simulation by steps of one hour

Simulation 20/06/20

Q Abort

A progress bar will appear, indicating how much of the simulation is still to be performed. Upon
completion, the "OK" button will get active. When you click on it, you will get directly to the "Results"
dialog.

Analyzing the results

This dialog shows on the top a short summary of the simulation parameters that you should quickly
check to make sure that you made no obvious mistake in the input parameters. To the right is a frame
with six values that summarize at one glance the main results of the simulation. They only give a very
coarse picture of the results and are there to quickly spot obvious mistakes or to get a first impression of
a change or a comparison between variants of the project.

In the bottom part of the dialog you will see several diagrams, which gives you already more detailed
information about the general behavior of the system. The "Daily Input/Output diagram" displays for
every day that was simulated, the energy that was injected to the grid as a function of the global
incident irradiation in the collector plane. For a well dimensioned grid-connected system, this should be
roughly a straight line that slightly saturates for large irradiation values. This slight curvature is a
temperature effect. If some points (days) deviate at high irradiances, this is an indication of overload
conditions. For stand-alone systems, a plateau indicates overload (full battery) operation.

© Reqis, variant ¥C0 “First simulation”

i Main its
Project DEMO Residential system at | PV Array System Production 10993 kwhjyr MNormalized prod. 3.35 kwhjkwp/day
Geneva specific prod. 1221 kwh/kwipfyr Array losses 0.43 kwh/kwpjday
Performance Ratio 0.871 System losses 0.07 kwh/kwpjday
site GenevafCointrin PV modules Mono 300 Wp 60 cells  Inverter 7.5 kwac inverter
System type  Grid-Connected Nominal power 9.00 KWp  Inv. unit power 7.5 kw
Simulation 0101 to 31/12 MPP Voltage 3.8V Nbof MPPTinputs 2
(Generic meteo data) MPP Current 9.4 A
_ Array Temperature vs. Effective Irradiance System Output Power Distribution ‘ . Report ‘
g ‘ T z ™ T ‘ T R
g 7 Values from 01/01 to 3112 1 Z 5o — Values from 0110110 31112 E ‘ Tables ‘
g e 1 El —
2 = ] 4 = &
H 4g ] g™ ‘ [ Predef. araphs
g ERRE 4
i ok § E —————
Z M 9 3 100 E ‘ = Hourly graphs ‘
ERRL 1 3 e —
i R E
g b = $
8 g L L ! L L 2 L . L ik, Economic evaluation
| 200 400 00 800 1000 1200 0 2 4 [ 3 e —
“étective Global, corr. for LW and shadings (Wi P cted into grid (k¥
Daily Input/Output diagram Array Voltage Distribution
=7 T T T —= 180 T T T T T O recenter
Z wf Values from 01/01 to 31112 E i ] 140 Values from 01/01 to 31112 g
N g 1 Ewf 1 =
z . e T ol 1 Load
2 af vy 1 k] T
| = af ]
0 ﬁ{ B z
£ el ] el Print
or ] £ s} N —
£ or ] 2 1 H' Save
= / ! ! ! ! o ! ! L L L L ‘
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paiy Input/output diagram | [Array Voltage Distrbution | 7] cese ‘

The main information of the simulation results is gathered in the report. The other buttons give access
to complementary tables and graphs for a deeper analysis of the simulation results. For now we will

ignore them. When you click on | [l Reeort \ you will get the complete report, which for this first simple
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variant consists of only three pages (for simulations with more detail you can get up to 11 pages of
report). In this report you will find:

First page: All the parameters underlying this simulation: Geographic situation and Meteo data used,
plane orientation, general information about shadings (horizon and near shadings), components used
and array configuration, loss parameters, etc.

Second page: A reminder of the main parameters, and the main results of the simulation, with a
monthly table and graphs of normalized values.

Third page: The PVsyst arrow loss diagram, showing an energy balance and all losses along the system.
This is a powerful indicator of the quality of your system, and will immediately indicate the sizing errors,
if they exist.

Analyzing the report
Second page: main results

For our first system: three relevant quantities are now defined:

Produced Energy: The basic result of our simulation.

Specific production: The produced energy divided by the Nominal power of the array (Pnom at STC).
This is an indicator of the potential of the system, taking into account irradiance
conditions (orientation, site location, meteorological conditions).

Performance ratio: An indicator of the quality of the system itself, independently of the incoming
irradiance. We will give its definition below.

Main simulation results
System Production Produced Energy 10.99 MWhl/year  Specific prod. 1221 kWh/kWp/year
Performance Ratio PR 87.08 %

The bottom of the second page contains a table with the main variables, given as monthly values and
the overall yearly value. The yearly value can be an average like the temperature, or a sum, like the
irradiation or energies. The meaning of the different variables is the following:

GlobHor: Global irradiation in the horizontal plane. This is our meteo input value.

Tamb: Ambient (dry-bulb) average temperature. This is also our meteo input value.

Globinc:  Global irradiation in the collector plane, after transposition, but without any optical
corrections (often named POA for Plane of Array).

GlobEff:  "Effective" global irradiation on the collectors, i.e. after optical losses (far and near shadings,
IAM, soiling losses).

EArray:  Energy produced by the PV array (input of the inverters).

E_Grid: Energy injected into the grid, after inverter and AC wiring losses.

EffArrR: PV array efficiency EArray related to the irradiance on the Collector's total area.

EffSysR:  System efficiency E_Grid related to the irradiance on the Collector's total area.
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First simulation
Balances and main results

GlobHor DiffHor T_Amb GlobInc GlobEff EArray E_Grid PR

kWh/m2 kWh/m2 °C kWh/m2 kWh/m? MWh MWh ratio
January 32.1 17.94 1.92 49.4 47.7 0.425 0.414 0.932
February 53.9 32.18 3.16 72.7 70.3 0.623 0.610 0.932
March 101.1 50.53 6.67 124.5 120.7 1.036 1.017 0.907
April 133.3 67.46 10.38 147.0 142.3 1.193 1.170 0.885
May 163.8 79.63 15.16 165.3 160.0 1.297 1.272 0.855
June 180.7 73.70 18.90 178.5 173.0 1.370 1.343 0.836
July 183.6 76.30 20.37 186.9 181.0 1.420 1.393 0.828
August 155.8 71.30 19.65 167.4 162.3 1.285 1.261 0.837
September 112.0 53.38 15.29 132.4 128.4 1.046 1.025 0.860
October 68.2 35.47 11.55 89.8 86.9 0.731 0.716 0.885
November 36.5 22.60 5.84 52.0 50.2 0.440 0.429 0.917
December 25.2 17.13 2.75 36.8 35.5 0.315 0.306 0.924
Year 1246.1 597.63 11.02 1402.7 1358.1 11.181 10.957 0.868

The monthly graphs on the second page of the report are given in units called «Normalized Performance
Index". These variables have been specified by the "Joint Research Center" JRC (Ispra) for a standardized
report of PV system performance, and they are now defined in the international IEC61836 norm. The
PVsyst online help contains a full explanation of these values (you can directly access this section of the
online help by pressing F1 when you are on this page of the report). In these units the values are
expressed in [kW/kWp/day] and contain the following information:

Yr Reference Yield Energy production if the system were always running at "nominal" efficiency, as
defined by the array Pnom (nameplate value) at STC.
This is numerically equivalent to the Globinc value expressed in [kWh/m?2/day].

Ya  Arrayyield Energy production of the array
Yf Final System yield Energy to the grid

Lc =Yr—Ya Array capture losses

Ls =Ya - Yf System losses

PR =Yf/Yr Performance Ratio = E_Grid / (Globlnc Pnom(nameplate))

Normalized productions (per installed kWp): Nominal power 9.00 kWp Performance Ratio PR

8 T T T T T T T T T T 1.0 T T T T T T T T T T

Energy

il : Performance Ratio (Yf/ Yr) : 0.871

7 Lc - Collection Loss (PV-array losses) 0.43 kWh/kWp/day -
Ls : System Loss (inverter, ...) 0.07 kWh/kWp/day

¥f: Produced useful energy (inverter output) 3.35 kWh'/kWp/day

Performance  Rato PR

e
rrrrr1 1 7T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Third page: arrow loss diagram

This is the PVsyst way of reporting the system's behavior, with all detailed losses. This diagram is very

useful for the analysis of the design choices, and should be used when comparing systems or variants of

the same project.

GlobHor
Globlinc

IAM

GlobEff - Coll. Area
EArrNom

Array losses
EArrMPP

Inverter losses
EQutlnv

AC losses

EGrid

Horizontal irradiation (meteo value): starting point.
After transposition (reference for the calculation of PR, which includes the optical

losses).

The optical losses. When adding further details to a variant, there will be additional
arrows for far and near shadings, soiling, etc.

Energy on the collectors.

Array nominal energy at STC (= GlobEff Effic. nom).
Collection losses (irradiance, temperature, mismatch, module quality, wiring, etc.).

Array available energy at MPP.

Efficiency and eventual overload loss (all others are usually null).

Available energy at the output of the inverter.

Eventual wiring, transformer losses between inverter and injection point,

unavailability.
Energy injected into the grid.

Loss diagram over the whole year

1246 kWh/m?

+12.6%
-2.71%

1365 kWh/m? * 49 m? coll.
efficiency at STC = 18.48%

12.30 MWh

11.22 MWh

10.99 MWh
10.99 MWh

Global horizontal irradiation
Global incident in coll. plane

|AM factor on global

Effective irradiation on collectors

PV conversion

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature
Module quality loss

Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP
Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output
Energy injected into grid

The report can be sent to a printer or copied to the clipboard. These options are accessible through the

Print button =&t

Here you can select which parts of the report should be printed or copied and define comments that will

show up in the header of the report. With the “Settings” button you can customize even more details

for the header comments and the clipboard copy resolution.
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e Repart options = (] X

laS] Header, language |i# General options | [] Clipboard options

—Selection of available pag Inits of the loss diagram:
Section Automatic
: Simulation parameters kh
: Main results @ Mwh
I8 specal graphs
"~ Loss diagram 2|7 Nb. decimals

phs opti
Glabal ~ This
report

Draws the weather corrected PR graph

—Monthly values tabl

Column 7

Column #8 Performance Ratio

Column %3

K

Column #10

Reset to default

—System kind

Customize the proposed system kind text
No 3D scene defined, no shadings

Cancel oK
TN

Saving the simulation

Take the habit to "Save" your different variants for further comparisons. Choose a meaningful title to
easily identify your variant in the future. This title will be mentioned on the report (it can also be defined
in an earlier step, for example at the time of the simulation).

The first variant will be saved in the file "DEMO_Residential_Geneva_First Simulation.VC0". Later
Variants will get the file endings VC1, VC2, etc. If you want to create a new Variant, make sure that you
use "Save As" to avoid overwriting your previous variants. To open previous simulations of the project,
you just select a variant in the drop-down list.

5- Adding further details to your variant
After this first "standard" simulation, you can progressively add the specific details to your project. You
are advised to perform and save a new simulation at each step in order to check its effect and
pertinence - especially by analyzing the "Loss diagram".

Far shadings, Horizon profile

The horizon profile is only suited for shading objects that are located sufficiently far away from your PV
system, so that the shadings may be considered global on your array. This is the case when the distance
to the shading object is more than about 10 times the PV system size. The Horizon Profile is a curve that
is defined by a set of (Height, Azimuth) points.

The Far Shadings operate in an ON/OFF mode: i.e. at a given time, the sun is or is not present on the
field. When the sun is behind the horizon the beam component becomes null. The effect on the diffuse
component will be explained below.

Clicking the "Horizon" button will open a graph of the sun paths for the site of the project.
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[ Horizon (far Shadings) definition at Geneve-Cointrin

Comment  [Horizon line at Geneva / Cornavin| |

Horizon line drawing - Legal Time Paints | Diffuse Factor

Plane: tilt 25°, azimuth 20° Mo Azimuth Height[9] 7 ]

-176.0 ||3.0
-165.0 |22
-153.5 ||1.0
-146.0 ||0.3
-120.0 ||0.4
-107.5 |14

Sun height. [7]

-93.5 1.7
-90.5 1.6
-80.5 31
-69.0 3.0

-55.5 3.8

21 51 51 31 1 29 ) 39 119 2 |45 |33

Azimuth [ 13 |-30.0 21

| <¥ Clear Horizon ‘

Cancel OK
x| |

‘ »  Read/Import ‘ ‘ wp Save ‘ ‘ E Print

You can either define the horizon line manually. For this the values (Height, Azimuth set of points) have
to be recorded on-site using a compass and a clinometer (measuring the height angles), a land surveyor
or some specific instrument, photographs, etc. But you can also import a horizon line that has been
generated with the “SunEye” device or some dedicated software as explained below.

Defining a horizon line by hand:

You can move any of the red points, by dragging it with the mouse, or define accurately its values in the
edit boxes on the right. For creating a new point right-click anywhere. For deleting a point right-click on
the point. You can save this horizon as a file for further use in other PVsyst projects.

When you click on the “Read / Import” button | . s | you will get the “Horizon profile reading /

importation” dialog. You can either read a horizon line that you have previously saved in PVsyst, or you
can import a predefined format from sources external to PVsyst.

Ld Horizon profile reading [ importation

[N eI Please choose the

source file

Carnaval Software PVsyst internal file
Solmetric SunEye
Horiz'on Software
Meteonorm Software d
PVGIS Horizon from web
Standard CSV file

Imported file name:

‘ Choose

Description:

x Cancel ‘ OK
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Importing Horizon from Solmetric "SunEye" instrument

The "SunEye" records the horizon line using a fisheye camera, and provides the result in several files.
You should choose the file called "ObstructionElevation.csv". Do not use the "SkyOx_PVsyst.hor" file!
This is an obsolete format, which was created by Solmetrics for the old versions 4.xx of PVsyst.

NB: If near objects are present on the pictures taken by the “SunEye”, you should remove them from the
data by editing the horizon line after importing it.

Importing Horizon from the "Carnaval" software

"Carnaval" is a georeferred free software (including altimetry data), which is able to create a horizon line
starting from geographical coordinates - Latitude and Longitude — of a site. It works only for locations in
France and its neighboring countries.

NB: You should not use the ‘near objects’ option in this software when creating the far shadings for
PVsyst. Carnaval produces a file named “YourProject.masque.txt”. You will have to rename this file,
removing the ".masque" characters, as PVsyst does not accept file names with 2 dots in them.

Importing Horizon from the «Horiz'ON" software

The "Camera Master" tool is a special support for photo cameras, which allows to take a series of
pictures in precise horizontal rotation steps (every 20° in azimuth). The software "Horiz’ON" gathers
these photographs in a single panorama picture, on which you can draw the horizon line by using the
mouse. The software will produce a file format of the horizon line that is directly readable in PVsyst.

NB: When you want to create a horizon line starting from a geographical location (like in Carnaval or
Meteonorm), the exact coordinates of your PV system have to be carefully defined. You may determine
them using GoogleEarth or with a GPS instrument. Keep in mind that a degree in latitude corresponds to
111 km, a minute to 1850 m and a second to 31 m. For the longitude this is also valid for locations on
the equator. As you move away from the equator these values will decrease.

Using the horizon in the simulation

After defining a horizon line, the button in the project dashboard will turn from greyed-out to green. If
we now perform again a simulation the shading of the horizon will be taken into account. The report will
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now have an additional page. On the second page of the report you will find the horizon definition and

the sun graph that includes the far shading effect:

PV3YST7.09 | ‘ 26/02/20 | Page 2/6

Grid-Connected System: Horizon definition

Project : DEMO Residential system at Geneva
Simulation variant : With horizon and linear shadings

Main system parameters System type Building system

Horizon Average Height 3.2°

Near Shadings Linear shadings

PV Field Orientation tilt 25" azimuth  20°

PV modules Maodel Mono 300 Wp 60 cells Pnom 300 Wp

PV Array MNb. of modules 30 Prnom total  9.00 kWp

Inverter Model 7.5 kWac inverter Pnom 750 kW ac

User's needs Unlimited load (grid)

Horizon Average Height 32° Diffuse Factor 098
Albedo Factor  100% Albedo Fraction 0.88

Height [*] 3.0 2.2 1.0 0.3 0.4 14 1.7 1.6 3.1 3.0 3.8 33

Azimuth [*]| -176 -165 -154 -146 -120 -108 -94 91 -B1 -69 -56 =41
Height [*] 21 1.8 1.8 1.4 29 2.2 2.7 1.7 23 6.0 5.8 5.2
Azimuth [*] [ -30 -12 B 14 25 39 5L 56 61 74 85 o0

Height [*] 5.1 5.7 6.0 6.0 6.5 6.0 5.7 4.6 37 37
Azimuth [*] EL 108 122 133 143 150 160 171 179 180

Horizon line at Geneva / Cornavin

Plane: tilt 257, azimuth 20°
T T T T

|-52|mz

2:23 may - 23 piy
20 apr - 23 aug
4220 mar - 23 sep
821 fob .« 23 oct |

6: 18 jan - 22 nov
7 22 december

an megt 1

Also the loss diagram on the last page of the report will now include the effect of the far shadings:

1246 kWh/m?

Global horizontal irradiation

+12.6% Global incident in coll. plane
z =O.UT70
7-1.01% Far Shadings / Horizon
-2.99% IAM factor on global
1326 KWh/m? * 49 m? coll. Effective irradiation on collectors

Near shadings, 3D construction

The construction of the near shadings is described in the dedicated chapter “3D Near Shadings
Construction”. The near shadings treatment (shading of near objects) requires a full 3D representation
of your PV system. This is managed from the following central dialog:
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¢ Near Shadings definition, Variant "First simulation: simple system without perturbations™

—Mear shadings 3D scen

Comment INo shading scene defined I

| & Import |

& Construction f Perspective
= Export

—Compatibility with Orientation and System parameter—— No shadings defined for this simulation,

Orient. [System Shadings
Active area 49 m? Surf m?
Fields tilt 25.0° Undefined
Fields azimuth 20.0° Undefined

—Shading factor tabl

—Use in si i —Calculation mode
@ No Shadings

O Linear shadings

O According to module strings

) Detailed electrical calculation (acc. to module layout)

‘ Q System overview

g Print x Cancel ” / oK

The construction of the 3D scene is performed in a 3D editor, which opens when you click on the button
"Construction/Perspective"

© Shading scene construction

File Create Select Edit View Tools Help

Loy ~ Y 7 42 o o 7
¢ - S- eEEa ek 90 | S AN =/ & o
History Selection Point of view Zoam Render Measure Modify Tools
zenith Scene objects | Tools
“Marth East,.~|| ¥ Scenecbjects
= Name <«
- & PV Fields (0)
- ([] Objects (0)
¥ Groups and zones
newarow | €D
" west South | 3@ cancal o Close seene
Grid cellsize : 1.00 m Perspective view Active area : 0.00 m?

If you have near shadings, you should construct your PV installation and its surroundings as a 3D scene
(see the dedicated tutorial). The instruments described in the far shadings section (including SunEye) are
not useful for this construction. The starting point should be the architect's drawings or anything
equivalent, and they should include topological information to get the height of the objects right.

After constructing the 3D representation of the installation, you should perform the simulation in the
“linear shadings” mode which takes into account only the irradiance deficit. This will give you a lower
bound for the estimation of the shadings effect. Then you repeat the simulation once more in
"according to module strings" mode, which also considers electrical effects resulting from the fact that
the modules are arranged in groups (strings). The modules in each of these strings are assumed to be
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connected in series. This will provide an upper bound for the estimation of the shading losses. For the
final report that will be submitted to your customer, you choose an intermediate value for the electrical
effect, taking the by-pass diode recovery into account. For this, you have to choose an intermediate
fraction for the electrical effect, which will depend on your system geometry. There is no well-
established value that would generally cover all possible situations. A rough estimate would be 60 to
80% (Higher for regular shading patterns like sheds).

NB: The near shading loss does not cumulate with the far shadings. When the sun is behind the horizon,
the beam component is null, and therefore there is no near shading contribution.

Final layout of the system

In PVsyst there is no direct link between the definition of the system (PV panels and inverters), and the
definition of your 3D scene. But when you do modifications in either one of these parts, the program
will check if they remain compatible, and issue warning or error messages if it detects any incoherence.
Namely it will require that the plane orientations are identical in the two parts, and that you have
defined a sufficiently large sensitive area in the 3D scene for installing the PV modules defined in the
system. PVsyst will perform this test only on the total areas, it will not check the real physical
(geometrical) compatibility. You need to check the arrangement of your modules on the sensitive area
in the 3D scene and if you do not find a possible arrangement, you have to modify the system definitions
(number of modules in series and parallel) or the 3D scene in order to make these two parts match. The
“Module layout” section will help you in finding a consistent arrangement. This part of PVsyst will be
described in a different tutorial. For the present example we only need to make sure that the PV
sensitive area in the 3D scene is at least as large as the total PV module area from the system
definitions. This will allow to perform the simulation.

Detailed losses

Finally there are several parameters which are initialized by PVsyst to reasonable default values for the
first simulations, but that you should modify according to the specificities of your system to add more
accuracy to the simulation. These parameters are accessed with the button "Detailed losses" in the
project dashboard.

—Main parameters

(@) Orientation

(@) system

l (@) Detailed losses

(@ Self-consumption

(@) Storage
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The Dialog “PV field detailed losses parameter” will pop up. It contains the following nine tabs:

- Thermal Parameters

- Ohmic Losses

- Module Quality — LID — Mismatch

- Soiling Loss

- |AM Losses

- Auxiliaries

- Ageing

- Unavailability

- Spectral correction

In the following we will go through all of them and give a brief explanation of the different parameters

and options.

Thermal parameters

s

Thermal parameter  Ohmic Losses  Module quality - LID - Mismatch  SoilingLoss 1AM Losses  Auwdliaries  Ageing Unavailability ~ Spectral correction

PV field detailed losses parameter

You can define either the Field thermal Loss factor or the standard NOCT coefficient:
the program gives the equivalence!

Field Thermal Loss Facts

©

Thermal Loss factor U = Uc + Uv * Wind vel
Constant loss factor Uc 200 | WimK

Wind loss factor Uy 0.0 WimK mfs

Default val to mounting
’7 “Free” mounted modules with air drculation

Semi-integrated with air duct behind
Integration with fully nsulated back

NOCT

NOCT (Neminal Operating Cell temperature) is
often specified by manufacturers for the module
itself, This is an alternative information to the
U-value definition which doesn't make sense when
applied to the operating array.

Don't use the NOCT approach. This is quite
confusing when applied to an array !

@ See the NOCT anyway

The thermal behavior of the array is computed in each simulation step, by a thermal balance. This
establishes the instantaneous operating temperature, that is used by the PV modules modelling.

The thermal balance involves the "Heat loss factor" U = Uc + Uv - WindSpeed [W/m?2:K]. In practice we

T

advise not to use the wind dependency, as the wind speed is usually not well defined in the meteo data,
and the parameter Uv is not well known. Therefore we put Uv = 0 and include an average wind effect in

the constant term.

According to our own measurements on several systems, PVsyst proposes:
- Uc =29 W/m2K for complete free air circulation around the collectors (free-standing collectors).
- Uc =20 W/m3K for semi-integrated modules with an air duct on the back.

- Uc =15 W/m3K for integration (back insulated), as only one surface participates to the

convection/radiation cooling.
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- There are no well-established values for intermediate situations with back air circulation. Our

measurement on quasi-horizontal modules on a steel roof, 8 cm spacing and not joint collectors, gave
18 W/m?K;

NB: up to PVsyst version 5.1, the default value for Uc was 29 W/m? (free standing). From version 6

onwards the default is set to 20 W/m? since nowadays more and more installations are being built in an
integrated way.

The thermal loss effect will show up on the array loss diagram in the final report.

20.83 MWh k\ Array nominal energy (at STC effic.)
1.7%

PV due to irradiance level

PV loss due to temperature

& -1.5% Module quality loss
N -1 No4

Madiila arrav miematerh lnce

The ‘Standard NOCT factor’ (Nominal Operating Cell Temperature) is the temperature that the module
reaches in equilibrium for very specific surrounding and operation conditions. It can often be found
together with the module specifications supplied by the manufacturers. It has no real relevance for the
simulation, because the conditions for which it is specified are far away from a realistic module

operation. PVsyst only mentions it for completeness and for comparison with the manufacturer’s
specifications.

Wiring Losses

The wiring ohmic resistance induces losses (R - I? ) between the power available from the modules and

that at the terminals of the array. These losses can be characterized by just one parameter R defined for
the global array.

® &y field detailed losses parameter

Thermal parameter | Ohmic Losss | Module quality -LID -Msmatch  SoiingLoss [AM Losses Auxilaries Ageing Unavailabiity Spectral correction

ic losses for the array

Specified by
Giobal wiring resistance 5812 | ma Colcated | () Detaled computaton | @)
@ Loss fraction atSTC 150 | o Default

Voltage Drop across series diode  [0.0 | V Defauit

[AC losses after
~AC circuit: inverter to injection poin

Uses AC drauit ohmic loss

1 Losses graph ‘ ¥ cencel oK

The program proposes a default global wiring loss fraction of 1.5% with respect to the STC running
conditions. But you have a specific tool for establishing and optimizing the ohmic losses (press "Detailed
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Calculation" button). This tool asks for the average length of wires for the string loops, and between the
intermediate junction boxes and the inverter, and helps the determination of the wire sections.

NB: remember that the wiring loss behaves as the square of the current. Therefore operating at half
power (500 W/m?) will lead to only a quarter of the relative loss. The effective loss during a given period
will be given as a simulation result and shown on the loss diagram. It is usually of the order of 50-60% of
the above specified relative loss when operation at MPP.

It is also possible to include losses between the output of the inverter and the injection point (energy
counter). You have just to define the distance and the loss will also appear in the loss diagram.

—AC circuit: inverter to injection point

Uses AC drcuit ohmic loss

Length Inverter to injection 10.0 m Wire section

Loss fraction at 5TC [105 | % |6mm: |
STC: Pac =9 kW, Vac =230V Mono, I =38 A 0
Voltage drop at STC 2.4V (1.0%%)

[ uses one or several MY transformers

[ uses a HV transformer

In addition there is the option to include the losses due to an external transformer. If you select this
option, you will get two radio buttons in the “AC circuit” frame, where you select if the AC losses to be
accounted for are between the inverter and the transformer, or between the transformer and the
injection point.

—AC losses after the inverter

—AC Wire loss Inverter to transfo —Medium Voltage external transformer
Uses AC drcuit ohmic loss MV Transformer(s), full system 0
Length Inverter to Transformer m Wire section e ¥ (O night disconnect
neric values
Loss fraction at 5TC [tos |%  [smme ~|
Reference Pac(STC) 8.8 kw
STC: Pac =9 kW, Vac = 230 VMono, I =38 A 0 Iron loss {constant value) % k! default
Voltage drop at STC 2.4V (1.0%) Copper (resistive) loss % at STC default
|Uses ane or several MY transformers Transfo equivalent resistance 3% 59.82 m@2
[[J Uses a HY transformer —Transformer from Datasheets
“Medium Voltage line [[) Uses datasheets data
Mominal power
MV line voltage kv
L ) ) Iron losses (no load loss)
Length MV Transfo to injection 250.0 | m ‘Wire section
; Copper (resistive) loss at FNom
Loss fraction at STC [o.00 | %  [iomm? ~ pEEr
Global loss at PNom
STC: Pac =9 kW, Vac = 20.0 V Mono, I = 0.4 A
Voltage drop at 5TC 0.4V (0.00%) Global effidency at PNom
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Module quality loss

The aim of this parameter is to reflect the confidence that you put in the matching of your real module
set performance, with respect to the manufacturer's specification. The default PVsyst value is half the
lower tolerance of the modules.

—Module quality

default d

Module effidency loss 3.0 Yo

Deviation of the average effective module effidency with
respect to manufacturer specifications.

The value that is specified in this field might not be exactly the same as the one shown in the "Array loss
diagram". The reason for this is, that this parameter is defined with respect to the Standard Test
Conditions (STC) while the value in the diagram is given with respect to the previous energy.

LID — Light Induced Degradation

The light induces degradation happens in the first few hours of module operation. Typical values are
around 2%, but you can define a different value in this field.

—LID - Light Induced Degradation

default d
LID loss factor e

Degradation of crystalline silicon modules, in the first operating
hours by respect to the manufacturing flash test STC values.

Mismatch loss

Losses due to "mismatch" are related to the fact that the modules in an array do not have exactly the
same |/V characteristics. In a string of PV modules, the worst module drives the string's current.

—Module Mismatch Losses

default
Power Loss at MPP 1.0 %

7

Loss when running at fixed voltage 2.5 %
Mot relevant when MPPT operation

| [} Detailed computation |
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The button "Detailed computation" helps to understand this phenomenon and gives indications on the

loss parameter to be set for the simulation, according to your estimation of the inhomogeneity of the

set of modules.

¢ Graphic tool for the array's electrical behaviour study in various conditions.

Mismatch

Graphical tool for determining the effect of parameter mismatch, for the cells in a module, or the modules
in an array.

Basic PV module

-

i

External conditi

L Qomen |

p

O cells

E . units in series

Irradiation

® Modules

_ chainsin parallel

[ cells/modules in series sorted according to ISC

:

Cell temperature

hed dul

ter distribution

Short-dircuit current Isc= 10.00A

Open drcuit voltage Voc= 349V

andom distribution type
® Normal (Gaussian) distribution

) square distribution

RMsvalue

‘ [IIII.. Show histogram ‘ ‘

@E Show graph ‘

—E Close ‘

This parameter acts as a constant loss during the simulation. It is lower for thin film modules. It can
become almost zero if the modules are well sorted according to their real performance (flash-test
results provided by the manufacturer).

NB: There is probably a correlation between these last two parameters. The Module quality loss is
rather related to the average of the module's distribution, while the mismatch refers to its width.

Soiling loss

According to our experience, the soiling effect is almost negligible in temperate-climate residential

situations.

—Yearly soiling loss factor
Default

Yearly loss factor % [

Define monthly values

of

Jan.
Feb.
Mar.

Apr.,

May

June

—Maonthly soiling values————

[10.0] o
[0 %
[o:0 ]
[o:0 ]
[o:0 ]
[o.0 ]

July O
Aug. %
Sep. %
Oct, %o
Mow, %o
Dec. %o

| « Set all as year |

It may become significant in some industrial environments (for example near railway lines), or in desert

climates. The soiling loss can be defined individually for each month to consider periodical cleaning or

rainy periods.

28



This parameter may also be used for describing the effect of snow covering the panels (for example put
50% in winter months with 15 days of snow coverage).

Auxiliaries

The auxiliaries consumption is the energy used for managing the system. This may be fans, air
conditioning, electronic devices, lights, or any other energy consumption which must be deducted from
the generated PV energy that is injected into the grid.

—Auxiliaries energy loss

Auxiliaries consumption defined

—Auxiliaries during operation (day)

Continuous auxiliary loss (fans, etc.) W

... from inverter output power threshold |0.8 kw

Proportionnal to the inverter output power  |0.0 Wikw
... from inverter output power threshold |0.0 k!

—MNight auxiliaries losses

Might auxiliaries consumption 0.04 kw

exduding inverter night loss :

The auxiliary energy may be fans, air conditioning, monitoring or other electronics,
lighting,, or any other energy which should be substracted from the energy sold to
the grid.

Aging

People often use the Manufacturer's warranty as loss reference when designing PV systems, which is
usually a loss of efficiency of around 20% after 25 years.

However, the Manufacturer's warranty should be understood as a lower limit for any individual PV
module.

In this tool we define an average degradation rate (for a set of modules). This loss value may be much
lower than this degradation limit. Some experimental studies mention degradation rates of the order of
-0.3%/year measured as an average on several modules (and measured with very old modules
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manufactured in the years 80-90, with old technologies). Long-term degradation rate measurements are

relatively scarce.

© Py field detailed losses parameter

Thermal parameter Ohmic Losses  Module quality -LID - Mismatch  Soiling Loss  IAM Losses  Auxilaries  Ageing | Unavailability Spectral correction

—Uses degradation in the simulation

.................. 7}

in sil i
100 a
Smisson foryearno [19 ] i Use in simultion
Individual PV modules: = ool ]
Global degrad. factor % Basi degradatin

Mismatch degrad, factor % 80|~ —— with annual increasing mismatch

Degrudation [%]

—— Wodule warranty
Model 0 . L L
0 5 10 15 20 25 30

“Year

—PV module ageing paramete

Aver, degradation factor kwhfyr
Imp RMS dispersion kwhfyr ® Efficiencies
mp RMS dispersion kwh]yr O Losses

—Store the Monte Carlo valu 0 Used for this evaluation —Module warranty 0
—Monte-Carlo values
~Sub-array Year 0  Warranty[38.00] %P
Mimatch Syears  0.17% - ty [28.00 5% Enom
Mismatch 10 years  1.27% 15 Modules in SE"‘TS‘ Year Warranty 31,00 | % 2 Linear interpol.
) 2 Stringsi
Mismatch 15 years  1.60% ings in paralel Year @ Warranty (54,00 | % [ Linear interpol,
Mismatch 20 years  1.63%
—Monte-Carlo calculation vear [25 | Warranty[50.00 | % Prom
Mmatch 25 years 3.54% s ] t[gs.0]
100 Trials Average  -0.72%year
Read model 10 years Randem evaluation e The initial derate value (usually around
1.27% Aver. Mismatch loss Ecurve -3%) may corresponds to the LID or initial
| save as model 1.06% Mismatch loss RMS Olsteps tolerance.
[ Keeps calculated Mismatch
‘ [@gLnssas araph | ‘ ¥ cancel | | o o

Unavailability of the System

It is sometimes useful to foresee system failures or maintenance stops in the production expectations.
You can define system unavailability as a fraction of time, or a number of days. As this is usually
unpredictable, you have the possibility to define specific periods of unavailability of the system, and also
to generate these periods in a random way. The effective energy loss is of course depending on the
season and the weather during the unavailability periods. Therefore the unavailability loss has only a

statistical meaning

—Unavailability periods

—U ilabili f th

navailability of the system default 0
Unavailability time fraction o

Unavailability duration days/yr

Beginning Date | Hour duration

— Psjoi/1920 | 400 | |58 | hour
M i 3 -
umber of periods N Iz?msllrlggo \/I '21:00: - I ISB I hour

[2s/10/1980 | proo: ©| |58 | hour

¥ set Random

Spectral correction

The spectral correction takes into account the changes in the solar spectrum due to scattering and
absorption in the atmosphere. These changes depend on the water content in the atmosphere, the
aerosols and the traveling distance of the light, expressed in Air Mass (AM). There are several models

implemented in PVsyst to describe the spectral correction:
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1.The CREST model that is used for amorphous silicon modules. This correction is applied automatically.

2.The spectral correction for PV modules in the Sandia database. This correction is applied
automatically.

3.The FirstSolar spectral correction model that is disabled by default, and can be turned on by the user.

Losses graph

flse spectral correction in simulation |

—FirstSolar model

@

According to PV module technology

Ci: 0.8591400| Coeffident Set

cis 0.0208300 Irvlonocl"r'stalline Si

-0.0058853
C3: 0.1202900

C4: 0.0268140

C5: -0.0017310

]
%]

Meteo input

PV modules

Precipitable water is not available in the Meteo variables

PY module model: Mona 300 Wp 60 cells

To visualize the impact that the losses have on the I/V-behavior of the array, you click on “Losses Graph”

to get to the window “PV Array behavior for each loss effect”. In the top right field you can define the

running conditions of the array. From the field below you select the kind of loss you want to display. The
red curve gives the nominal conditions, which represent the upper limit of the system performance. For

each selected loss you will get a curve in a different color.

€ PV Array behaviour for each loss effect

Cummt. [&]

Collector field, Mono 300 Wp 60 cells from Generic

15 modules in series, 2 strings in parallel

Array losses for 800 W/im=

—— Module Quality Loss:

—— Module Mismatch 1.0 %STC:

—— |AM (Diffuse, beam 40°)
Module temperature = 50.3 °C :

Resultant: Pmpp array = 5.97kW, Global loss = 17.2%
] ] ]

Tmod. =25°C, Pmpp array = 7.20KW

loss 3.1%
lnzs 2.7%
loss 2.3%
loss 11.3%
loss -1.4%

100 200

300

Voltage V]

400

600

—External conditions———

Irradiance W im?2
Incidence Angle =

Beam [ Global %

Ambient Temper. EI o

Wind Velodity mfs
—Loss effect

INominal conditions (25°C)
Module Quality Loss
Array mismatch
Inddence Angle effect
Temperature effect
Wiring Ohmic Loss
[ Serie Diode Loss

i print I
7] Close I
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mk:@MSITStore:C:/Program%20Files/PVsyst7.0/PVsyst.chm::/amorphous_spectralcorr.htm
mk:@MSITStore:C:/Program%20Files/PVsyst7.0/PVsyst.chm::/sandia_model.htm
mk:@MSITStore:C:/Program%20Files/PVsyst7.0/PVsyst.chm::/firstsolar-spectral-correction.htm

Part 2: 3D Near Shadings Construction Basics

The construction of the near shadings are a part of PVsyst that requires some time and exercise to be
fully mastered and take advantage of all available options and features. Therefore we present here a
complete example as an exercise to explain the main steps, and give tips and advices for an easier
use of this tool.

For the present example, we will create the farm that is used in the “DEMO Geneva” project that is
distributed with every PVsyst installation. The starting point for the tutorial will be the following
sketch:

35 m

10m /

F 3

Y

35m
N
20°
—om v
10m
10m

Elevation : Pente toiture 25° /\

Sut tous cotés:
avant-toits de 0.5 M H=5m
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1- Defining the 3D scene:
In the “Project Design” window click on the button "Near Shadings"

—Optional

‘ (@) Horizon |

(@) Near shadings I

(@) Module layout

[ (@) Energy manag. |

(® Economic eval.

The “Near Shadings definition” dialog will open, and here you click on "Construction/Perspective".

® Near Shadings definition, Variant "First simulation: sim em without perturbations™

—Mear shadings 30 scen

Comment INo shadinﬁ scene defined |

= Import |
“ Construction / Perspective
B Export
—Compatibility with Orientation and System parameter— Mo shadings defined for this simulation.
Orient. /System Shadings
Active area 49 m2 Surf m2
Fields tilt 25.0° Undefined
Fields azimuth 20.0° Undefined

—Shading factor table

Table Graph

—Use in simulation —Calculation mode
® No Shadings
O Linear shadings
O According to module strings

O Detailed electrical calculation (acc. to module layout)

Q System overview

e Print x Cancel || / Ok




You obtain the main 3D window where you will construct the "scene".

File Create Select Edit View Tools Help

¢ > .\; m

=] PN

History Selection Paint of view
“Marth
" wvest
Grid cell sze : 1.00 m Perspective view

Constructing a building.
The building in our example will be an assembly of elementary objects that will be grouped
afterwards and used as one single object in the main 3D scene.

@ Q @
Zoom

Zanith

@0

Render

SAYSPC mSE o
Measure Madify Tools
Scene objects | Toals

Eagt.~ | ¥ Scene objects

Name “
& PV Fields (0)

“ ] obiects (8)

¥ Groups and zones

L:j,' New group o

Sauth [ x Cancel

/ Close scene

Active area : 0.00 m*

From the menu, choose "Create" - "Building / Composed object"

File |Create Select Edit View Tools Help

Elementary shading object
Building / Composed Object
Ground object

Polygonal PV plane

PV table (with frame)
PV tables as sheds

PV tables as domes

PV tables a5 Sun Shields
Tracking PV planes

Transform to PV faces

fE w0l BEE

Convert fixed tables to trackers

Rectangular PV plane (single or multiple)

o

view

Cwest

Grid cell sze : 1.00 m

Perspective view

Rl

Zenith

S g

Render

SH Y e =78 ]

Measure Modify Tools
Scene objects | Tools

East] ¥ Scene objects

Name ©
~EF PV Fields (0)

) Objects (0)

¥ Groups and zones

|77 New aroup 0

South [ ¥ cancel

" Close scene |

Active area : 0.00 m*
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This will open a secondary 3D window in the reference coordinate system of the new building object.

File Add object Edit View Tools Help

«» [M3-o (4 2@fleas o Ee (90| 4 ' 0

History Selection Point of view Zoom Render Measure Modify Tools

E Scene objects | Tools

.+ | ¥ Scene objects

Name [
-5 PV Fields (0)

- () Objects (0)

“x ¥ | K concel || o Close object

Grid cell sze : 1.00 m Perspective view

- From the menu, choose”Add Objet”. It will open a new window where you can choose the type of
your object and its properties.

Here choose "Parallelepiped"” and define the sizes (Width = 10m, Length = 35m, Height = 5m).

® Elementary shading object

«» b 4 2ESOE (e ka @D | A (7]

History Selec... Point of view Zoom Render Measure
., | Object definit

Nirth i Zenith East Ject cefinitien
Name
[Parallelepiped| |
Shape type
|Paralielepiped ~]
Width (0%)
Length (DY)
Height (07)
O Thin object (7] o

—Position and Orientation———————————
These values are defined when pasitioning in
the 3 scene

X 0.0m Tilt 0.0°
¥ 0.0m Azim. 0.0°
z 0.0m with respect to OY

¥ Enable shadow casting

Sauth Coler [

I x Cancel ” / Close object
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- Click "Close", this will place the parallelepiped in the coordinate system of the buildings’ object

From the menu, choose again "Add Object".

Now choose "Parallelepiped" and define the sizes of the second wing of the farm (Width = 10m,
Length = 25m, Height = 5m).

Click "Close", this will place the parallelepiped in the coordinate system of the buildings’ object, again
positioned at the origin.

© Shading scene construction

File Create Select Edit View Tools Help

NN ~~ Yo Z Z = " ;
¢ k-9 | MIBEGD (QQ kR (90 | S A P m / & o
History Selection Point of view Zoom Render Measure Modify Tools
cenith - Scene objects | Tools
¥ Scene objects
"North Mame (™
~£5 PVFields (0)
- ([ objects (1)
“- (5 Parallelepiped v
¥ Groups and zones
L.'ﬂawgmup 6
‘-\Nest
¥ cancel " Close scene
South
Grid cell sge : 5.00 m Perspective view

Active area : 0.00 m2

Positioning in the 3D scene
You have now to position this second wing inside the buildings’ object.

Please note that for selecting an object, you have to click on its borders (remember: the objects don't
"know" their interior!). The selected object becomes carmine red.
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Click the "Top View" button ) (the five buttons top left are for the positioning of the observer).

® Shading scene construction

File Create Select Edit View Tools Help
«» [ {Mo-o- |2 r@ot ee@de (9D |4 a (VBC =/ & @
History Selection Paint of view Zoom Render Measure Modify Tools

Scene objects
Morth Il Tools

¥ Scene objects
Name (%
5 PV Fields (0)
(] Objects (2)
i (5 Paralielepiped
" (5 Parallelepiped

AU

West East

¥ Groups and zones

[ neweroe | @

Cancel Close scene
South x /

Grid cell sze : 5.00 m Top view Active area : 0.00 m2

You can zoom in or out with the two "Zoom" buttons ® % .
You can also re-center the scene, by clicking anywhere on the scene - but not on an object - and drag
the scene's plane.

Click on the positioning tool button % to toggle the "Object positioning" panel.
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Now, you can click and drag the red point and displace the selected object with the mouse,
and the violet point for rotating it. Move and rotate the object coarsely to its place as second
wing, perpendicular to the first parallelepiped.

¢ Shading st

File Create Select Edit View Tools Help

> NS W RLEG S e ld@ (9D (S (V@G (=) @ (7]
History Selection Point of view Zoom Render Measure Modify Toals

Tool
Morth Scene objects | Tools

¥ Move and rotate

—Position:

X f West m
Y/ South m
7 {Height m
i
Tilt angle =

West East

Set tilt to selected objects |
—Azimuth

srouns

Azimuth 0.3

o

3 Observer position

» 5un position

3 Zone editing
I » Shadings animation

i Cancel Close scene
| South ‘ x / |

Grid cell size : 5.00 m Top view Active area : 0,00 m*

The mouse will not allow you to get precise positioning. But after the object has been placed
coarsely, the “Object Positioning” dialog will display the approximate displacement and
rotation, and now you can finely adjust the exact values according to the drawing. In our case
you will put X =10.00m, Y = 10.00m, and don't forget Azimuth = 90.0°

Scene objects | Tools

¥ Move and rotate

—Position
¥ | West m
¥ f South m
Z /Height m
—Tilt:
Tilt angle s

Set tilt to selected objects

—Azimuth
seound

NB: Avoid the interpenetration of objects. This often creates problems for the calculation of the
shades.
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If you click on the ‘Standard Perspective’ button X oor press F2, the building should now look like
this:

File Create Select Edit View Tools Help
«» ELN-Q- | WE0AY a0 (90 | LA + :z:l o
History Selection Point of view Zoom Render Measure Modify Tools

Ndirth, { zanith 7 Eact Scene objects | Tools

3 Observer position

 Sun position
» Zone editing

» Shadings animation

South
West

R cancel " Close scene

Active area : 0.00 m*

Grid cell sze : 5.00 m Perspactive view

Adding the roof.
- Click on the menu "Add Object" and choose "Two-sided roof + Gables" in the new window.

«» |8 JFaat 0L (90 | S A 7]
Hstory | Selec... Point of view Zoom Render Measure

Object definiti
Zenith East Ject aennitian

Name

[2-sided roofi+ gables ]

Shape type

|21\ded roof +gables \/I

Base width

Top length

Roof tilt angle

Gable 1 angle 3

Gable 2 angle

—Position and Orientation—————————————
These values are defined when pesitioning in
the 30 scene

X 0.0m Tilt 0.0®
¥ 0.0m Azim, 0.0%
z 0.0m with respect to OY

Enable shadow casting

Color [ | Gables [] |

[ K cancel ” " Close object |

Stwith
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- Define the sizes: "Base width" = 11m, "Top length" = 30.5 m (for eaves), "Roof tilt" = 25°, and "Gable
1 angle" =-45° and click “Close”

€ Shading scene construction

File Create Select Edit View Tools Help
¢« NS WRESSS 60 kda (90 | S A | Y =/ & o
History Selection Point of view Zoom Render Measure Modify Tools

Scene objects | Tools

Nirth [ zenith 7 East

¥ Move and rotate

Positi

% [ West
¥ [ South m
500 m

Z [ Height

—Tilt-

Tilt angle

Set tilt to selected objects ]

—Azimuth:

Around Own origin

il

Azimuth

%» Observer position
¥ 5un position
» Zone editing

% Shadings animation

" est
South

| R cancel o Close scene |

Grid cell size : 5.00 m Perspective view i Active area : 0.00 m?

- This will put the roof in the buildings’ scene. First position it with the mouse and then supply the
exact values as before (X=5m, Y =5m, and Z = 5m, building height).

Scene ohjects | Tools

¥ Move and rotate

—Position

X [ West
¥ [ South
Z [ Height

—Tilt:

Tilt angle

Set tilt to selected objects \/I

—hAzimuth
sround

- For the second wing of the roof you could proceed in the same way. You can also reuse the roof you
just created: "Edit" / "Copy", and "Edit" / "Paste". You will obtain a second instance of the selected
object.

- Position this object using again first the mouse and then entering the exact values in the “Object
Positioning” dialog (make sure that the new azimuth is exactly 90°).

Now the 45° cut gable is still not correct. For modifying the selected object, you can:
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- Either choose "Elementary Object" / "Modify",

- Or, more easily, double-click the object on its border.

- Change -45° to +45° and click Close.

¢ Shading scene construction

File Create Select Edit View Tools Help

«»  M5-G-|e2@Boat e (9D | a (v o/ @ @

History Selection Point of view Zoom Render Measure Maodify Tools
Scene objects | Tools
Marth, Zehith East s
¥ Move and rotate
X [ West 5,00
s e
Z fHeight m
Tl
it g .
Set tilt to selected objects
—Admuth———————————————————————
| wane

¥ Observer position
% 5un position
» Zone editing

%» Shadings animation

South |

x Cancel ‘/C\osa scene

Grid cell size : 5.00 m Perspective view Active area : 0.00 m*

Adding the PV plane

PV planes cannot be integrated in building objects, as the PV planes elements (sensitive areas) are
treated differently by the program. They have to be positioned on the buildings within the main 3D
scene.

- In the main 3D scene, choose: "Object" / "New..." / "Rectangular PV plane".

File | Create Select Edit View Tools Help

¥, z [ T ;
i kit (@@ (9D (<4 [\ oll|m/ & o
H ﬁ EECO posdtObet view Zoom Render Measure Modify Tools
[l Ground object =
Senith - - Scene objects | Tools

] Palygonal PV plane L > Cbserver positon

5 Rectangular PV plane (single or multiple) o  Sun position

3 PV table (with frame) ey > Tone sditg

B PEinedxs » Shadings animation

» PV tables as domes

= PV tables as Sun Shields

T Tracking PV planes

[#] Transform to PV faces

T Convert fixed tables to trackers
West T

South
¥ Cancel " Cose scene

Grid cell size : 5.00 m Perspective view Active area : 0.00 m?
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- You have to define the sizes: "Nb of rectangles" = 1 (you could define several non-interpenetrating
rectangles in the same plane), "Tilt" = 25°, «Width" = 3.5 m, «Length" = 15.5 m.

© (Multi) Rectangular field

¢« b BTyt @6 kdw |/ A ©

History Selec... Point of view Zoom Measure

Parameters
Basic parameters | By modules

—Collector plane————————————————
Name

I(Mnlti) Rectangular field |

Mb. of rectangles

Plane tilt

East-”
Rectangle no

—Elementary rectangle ———————

Width m

Length m

Rectangle origin in the collector plane :
itive PV Ary

Total area 54.3 m2

Required area 48.8 m?

"qu:th

Enable shadow casting

| Color | | Shades |

‘ x Cancel || \/ Close object ‘

est : South

NB: At this stage, there is no relation with the real size of the PV modules in your system definition.
The program will just check at the end of the 3D construction that the PV sensitive area in the scene
is larger than the area of the PV modules defined in “System”. No check is made to verify that the
panels can be arranged such that they fit into the sensitive area in the 3D scene. The detailed
arrangement of the modules has to be defined in the “Module Layout” part of the project. Please
refer to the online help for instructions.
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- Click "OK". The plane will be aligned to the origin of the 3D scene.

® shading scene construction

File Create Select Edit View Tools Help

T L O Yy L Z Z = 7 ;
«» KLV QESaS | eelke (90 |78 (v T /& 9
History Selection Point of view Zoom Render Measure Modify Tools
\I‘\Jnr‘th Zenith East Bl Todks

» Observer position
3 5un position
» Zone editing

» Shadings animation

Close scene

R cancel |
Mest i South

Grid cell size : 5.00 m Perspective view ’ Active area : 54.25 m*

Y.
- For positioning it, again click "Top view" ) , position it globally with the mouse. Now you don't
have rigorous references and you don't need to adjust the values, but be careful not to
interpenetrate the other roof! Check the azimuth value (should be exactly 90°).

Use Rotate and move buttons to position the PV Plane ¢ C

First rotate the plane and have it parallel to the roof axis using the rotate button Cor the azimuth

Azimuth
Around Cwn origin v
Azimuth 90.0 =

Then click the move button ¥ and slide by dragging the green and red arrows to position correctly.

il

li

When hovering the different arrows, they will change to yellow color and indicate along which axis
you’ll be moving

e
|

[Left-click] Move along X axis
11

l

“ [Left-click] Move along ¥ axis
n [hl
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- Vertical positioning: now your field is on the ground. Click the observer’s "Front View" 1 putton,
and position your plane on the roof by dragging the red arrow with the mouse along Z Axis (vertically
blue arrow below). Always remember to let some spacing between any active area and other objects.
If you put the plane below the roof, it will be permanently shaded!

- You can then check the position using the 3D button L
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File Create Select Edit View Tools Help

«» M- SEc =/ 8 [

e oy 90O |~

History Selection Paint of view Zoom Render Messure Modify Todks
EL bjects | Tools
Zenith =ets
¥ Move and rotate
X [ West
¥ f South
2 fHeight m
Tit angle
Set tit to selected objects |
0
|}
3 Observer position
3 Sun position
5 Zone editing
/ » Shadings animation
West East
& conce " o Coescmne
Grid cel size : 5.00 m Front view Active area : 54.25 m?

File Create Select Edit View Tools Help

«» [ME-S- (42 0@

YEC m/s e 7}

eed@ 9O

History Selection Paint of vie Zoom Render Measure Madify Tools
Tools
Zenith Scene objects | Tools
¥ Move and rotate
X[ West
¥ [ South
7 [ Height
Tiltangle
Set tit to selected chjects /|
[ wne
szmin foo
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5 Zone editing
35 Shadings animation
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3 Shadings animation
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* cancel " Close scene

Active area : 54.25 m?*
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Adding more shading objects

In our example we will now add a silo and a tree to the scene. These are “Elementary shading

objects” that will be positioned directly inside the main 3D scene.

- In the main scene select "Object" / "New..." / "Elementary shading object" / "Portion of cylinder".
According to the drawing, define Radius = 3m, Aperture angle = 360°, Nb of segments = 16, Height =

12m. Click "OK".

© Shading scene construction

File | Create Select Edit View Tools Help

* (7 Elementary shading object x:T Kﬁ T_z.
Y

o il Building / Composed Object L

Ground object

@ e aw

Zoom

O | A0

Render Measure

ki

view Modify

Zenith East

Polygonal PV plane

Rectangular PV plane (single or multiple)
PV table (with frame)

PV tables as sheds

PV tables as domes

PV tables as Sun Shields

Tracking PV planes

Transform to PV faces

g0 w0l HE

Convert fixed tables to trackers

Ciest

Grid cell size : 5.00 m

Perspective view

e Elementary shading object

ma g

South

/&
Tools

Scene objects | Tools

3 Observer position
% 5un position
3 Zone editing

3 Shadings animation

x Cancel | / Close scene

Active area : 54.25 m?

v z =] Py
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History Selec.. Point of view Zoom Render Measure

T ™
\\_____--_____ /
‘*Nq[_th
—
\.\——_.___,__,_—— |~
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Object definition

Name

|Portin|| of Cylinder |

Shape type

[Portion of Cylinder

Radius
Aperture angle
Nb. of segments
Height

—Position and Orientation
These values are defined when positioning in

e 3D scene
X 0.0m Tilt 0.0°
¥ 0.0m Azim, 0.0°
z 0.0m

with respect to OY

Enable shadow casting

Color [

| x Cancel H / Close object
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- In the main scene, be sure that the "Positioning" tool P is activated, click "Top view" 1 and
position the silo with the mouse (if you don't know the order of magnitude or signs), and then with
values (X =18m, Y =45 m).

construction

File Create Select Edit View Tools Help

¢«» [ M3-2- |42r0@ad eade (9D (248 (VB =/ 8 7
History Selection Paint of view Zoom Render Measure Modify Tools
Scene objects | Tools

North

¥ Move and rotate
r—Position

X/ West

Y [ South 45.00 m
Z [ Height

West East
il

Tilt angle

& ﬁ z[®
3

Set tilt to selected obje

—Azimuth

|| v

Azimuth

» Observer position
3 Sun position

» Zone editing

» Shadings animation

Cancel Close scene
Sauth x | J

Grid cell size : 5.00 m Top view Active area : 54.25 m#
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- You can now add a tree in the courtyard by selecting "Object" / "New..." / "Elementary shading
object" / "Tree". To define shape and size of the tree, select "Front view" from the toolbar, and then
click on the red points with the mouse and drag them to adjust shape and size of the tree. When you
are done, position the tree to your like in the courtyard (always remember for your future projects,
that a tree does not have a definitive size, the shading may vary as the tree grows or is pruned!).

® Hementary shading object

¢«» B BT QR (DO | A 7]

History Selec... Paint of view Zoom Render Measure

Zenith Object definition

P eters-
Name

[Treel ]
Shape type

[Tree ~]

Medium-point height m
8

Medium height m

Low part height mn

Trunk height

Medium diameter m
Trunk diameter n

-‘Nq[th Eas},-""

—Position and Orientation
These values are defined when positioning in
the 3D scene
X 0.0m Tilt 0.0%
¥ 0.0m Azim. 0.0*
z 0.0m with respect to OY

Enable shadow casting

Color [

Trunk [l |

x Cancel H / Close object

st - South

® Shading scene construction

File Create Select Edit View Tools Help

¢ [RNV-9- 4 QFSat @0 90 | A i =/ & o
History Selection Paint of view Zoom Render Measure Modify Tools
B . Scene objects | Tools

Mdrth Zenith 7 East
% Scene objects
Name ©
=& PV Fields (1)
“- 5 (Multi) Rectangular field v

= Objects (3)

IS ﬁ Building object no 1 v
=l Portion of Cylinder v
Lo ) Tree v

¥ Groups and zones

I__ New group 0

South

West

x Cancel ‘ / Close scene

Grid cell sze : 5.00 m Perspective view Active area : 54.25 m2

48



Positioning with respect to the cardinal direction

Usually you construct a scene first in the reference coordinate system that is used in the drawings,
and that has been chosen by the architect. After that, the button "Rotate whole scene" & will allow
you to perform the final rotation of the global scene to fit the real orientation of the installation with
respect to the cardinal direction.

- Select the reference object for the orientation (normally the PV plane).

- In the "Rotate Whole Scene" dialog, define the new azimuth (here +20°, west). This will rotate the
whole scene by 20° towards west.

¢ Shading scene construction

File Create Select Edit View Tools Help

> [BLV-S- EFS A ek (90 | SA | Y@ =S & o
History Selection Point of view Zoom Render Measure Modify Toals
- i Scene objects | Tools

Nnrth Zenith
3 ¥ Move and rotate

—Position-
X [ West
Y [ South

Z [ Height m

—Tilt:

East” Tilt angle

Set tilt to selected objects

Azimuth

zimuth————————————————
N [

3 Observer position
Sl e 5un position

South

» Zone editing

3 Shadings animation

‘ x Cancel | \/ Close scene |

Perspective view Active area : 54.25 m*

west
Grid cell size : 5.00 m

If later on you need to re-position or add a new object in the scene, it might be easiest to rotate back
to the original coordinate system. To do this, select an object which is aligned with the coordinate
system in which you would like to work and put a value of 0° or 90° into the “Rotate whole scene”
dialog. Perform the modifications and then apply the reverse rotation.
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Shading test and animation

Now that the 3D scene holds all the potential obstacles and the sensitive panel area, we are ready for
a first shading analysis.

- Click Tools on the left pane and choose Shadings animation sub panel.

S L ST ||The “Shadow animation” tool will expand and here you
click on "Play/Record animation". The shadows will be shown for the whole selected day. After

execution you have a scrollbar for reviewing one or the other situation.

¥ Shadings animation

0.2

Day of year 21f12{2018
Step duration 1 minutes R
1.0 T —T —T

L Sh éing loss on cllear day:
08k Beam linear loss 7.7% 1
06 -
0.4l -

For each time step, the date/hour, sun position and shading factor are displayed on the bottom of
the 3D window. You can try this for different dates in the year, the two extreme situations being June
21st and December 21st.

' shading scene construction

File Create Select Edit View Tools Help

L LI = - 7
«» M- [ @oat [eedq (00| a VB =/ & y
History Selection Paint of view Zoom Render Measure Modify Tools

“V‘\IDrth Zenith Scene objects | Tools

P oUTT PO

> Zone editing

ﬁwadlngs animation \

Day of year 21y12/2019
i 1minutes e
et Step duration
10 T T
Sh éing loss on cfear day:

[UE:1 Beam linear loss 7.7% T
08} b

04l 4

EL /\‘J

0.0
v 10 12 14 18 i

Tiwest

£

I—Information

Date : 21/12/19 18h31
Sun height : 2¢
. Sun azimuth : 52°
) Shading factor
I Lingar : 0.101

South |

sufw/ * cancel |

.
Grid cell size : 5.00 m Perspective view

Close scene

Active area : 54.25 m*
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More Options

Colors
You can personalize the view of your scene by defining colors.

- Click the button "Realistic / technical view" on the “render” toolbar W

- The color of each element can be defined in its definition dialog.

- For example for the building: Double-click the building, this will open the building construction.
- Double-click the roof, this will open the definition dialog for the roof.

- In this dialog you can define the color of the roof, and the color of the gables independently of each
other.

“Nlorth { zenith

South

- If you define your own colors, store them as "personalized color" in order that you can reuse them
for other similar objects.
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Saving the scene
If you do some bad manipulation, you can undo it with the “Undo” button 4 from the top toolbar.

You are advised to periodically save your shading scene using "File" / "Export scene" as a *.shd file.
This will allow you to roll back in case you made an unwanted modification and avoid losing your
work in case of a crash (Alas there still remain some bugs in PVsyst).

File Create Select Edit View Tools Help

#| New scene Ctrl+N Y, z re-a .. -
gJ—"‘J"ﬁ Lty @\QLO\:@ QD AR ‘%’ B g @ (7]
Readlcens G Point of view Zoom Render Measure Modify Tools
Read building . =
: ¥ B Scene objects | Tools
Read cbjects Nsrth Zenith = _
| Import 4 » Zone editing
4 Export scene (:SHD) Cirl+S ¥ Shadings animation
[ Export selected objects (.SHO)
& Savescenetoimage 4 Day of year 21/12f2013
i 1 e ~
¥4 Print Ctrl+P Step duration
1.0
X Cancel Ctl+Q p sh}ding loss on clear day:
0.8 Beam lingar loss 7.7% b
/  Close scene Ctrl+W
08 -
....... st | (M4 1
oz /\,\ 1
> oo L L . .
& 10 12 14 16 1€
.............. ¢ >
_________________ ;
West » H
—Information
Date : 21/12/19 16h31
Sun height : 2¢
-7 Sun azimuth : 52°
-7 i Shading factor
LT B Linear : 0,101
Sun
Cancel o Close scene
.. South ’ x |
Grid cell size : 5.00 m Perspective view Active area : 54.25 m*

Please note: your final scene (used in the simulation) will be stored along with your "MyProject.VCi"
file. It does not need an *.SHD file.
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Display in report
This scene will appear on the final report. If you want to have a specific view of the scene in the
report, you can request it by "View" / "Save this view for the report".

File Create Select Edit View Tools Help

«» M5

History Sell

iRl

20 Pp

T

P

Grid cell sze : 5.00 m

Standard Perspective F2
Top view F3
Front view F4
Side view F5
View fram sun position F6
Zoom forward F7
Zoom backward 3]
Specify observer position

Lock at selected object Ctrl+F
Back to default view Shift+Ctrl+D
Save this view for the report

Load report view

Render options

View options

Shadows drawing F11
Shadows animation over one day F12

Perspective view

@ 91

Zoom

NG

Zenith

@0

Render

P!

Measure Modify

South

YB{C (=78

Tools

Scene objects | Tools

PO
3 Zone editing

¥ Shadings animation

Day of year 1122019
Stepduraton  [Tminutes ]
10
shlding loss on clear day:

[E:] o Beam linear loss 7. 7% 1
el i
e i
o2f /\\ ]
o . . . .

8 10 12 18 18 1

< >

> B

Date : 21/12/19 16h31
Sun height : 2°
Sun azimuth : 52°

Shading factor
Linear : 0.101

% cancel | " Close scene

Active area : 54.25 m*

53



2- Use the 3D scene in the simulation
Linear Shadings

Your shading scene is now ready for the simulation.

- Choose "File" / "Close". You return in the near shadings dialog.
- Choose "Linear shadings" in the box "Use in simulation".

4 Mear Shadings definition, Variant "With near shadings and electrical shading detailed calculation™

—Mear shadings 30 sceni

Comment IFarm in Geneva, I

‘ ‘v Construction [ Perspective

—Compatibility with Orientation and System parameter—— Trostedto Beior B temr ot by e i

Crient. fSystem Shadings
Active area 49 m2 54 m?
Fields tilt 25.0° 25.0°
Fields azimuth 70.0° 70.0°
Do you want to compute it now ?
—Shading factor table
[ Table Graph
—Use in simulation —~Calculation mede
O Mo Shadings O Fast(table) @ Slow (simul.) (7]
@ tine
) According to module strings
) Detailed electrical calculation (acc. to module layout) )
‘ O\ System overview H E Print x Cancel H / Ok

Now the program checks the compatibility of your 3D scene with the other definitions of your
system.

- The plane orientation should match the one defined in the "Orientation" part. If it does not, there is
a button to correct the "Orientation" parameters according to the 3D construction.

- The sensitive area should be large enough to position the PV modules defined in the system
definitions. This is a rough test, which checks only the total area and does not take into account the
individual sizes and geometrical positions of the modules. A warning will be issued if the total area of
the panels exceeds the total sensitive area of the 3D scene. If the total area of the panels is much
smaller than the sensitive area defined in the 3D scene, there will also be a warning. The threshold
for this warning is much higher (factor of 1.5) to allow spacing between the PV panels. The
thresholds for both warnings are defined in the “Hidden Parameters” and can be modified if
necessary.
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- When everything is correct, the program will ask you to compute the Table of the shading factors.
Click on the “Table” button.

g Mear Shadings definition, Variant "With near shadings and electrical shading detailed calculation™

—Mear shadings 3D sceni

Comment IFarm in Geneva,

| = Import

‘ ‘v Construction / Perspective

| o Export

—Compatibility with Orientation and System paramete

Orient. [System Shadings S o

Active area 49 m?2 54 m?

Fields tilt 25.0° 25.0°

Fields azimuth 70.0° 70.0°

Do you want to compute it now ?
[ Table Graph
—Use in lation Iculation mode
O Mo Shad

) Fast (table)

® slow (simul.)

()

@4
) According to module strings
() Detailed electrical calculation (acc. to module layout)

Q System overview

‘ H Print

3 Shading factor table (inear), for the beam compenent, Orient, #1

Close Print Export Help

lane orientation

~ Fixed Tilted Plane Tilt = 25°, Azimuth = 70°
' Recompute
Shading factor table (linear), for the beam component, Orient. #1
Azimuth|-180° |-160° |-140® [-120% (-100® | -80® -6 -40= -20% = 20% 40= ao® ao= 100® | 120% | 140® | 180® | 180
Height
Qo= 0,000 |0.000 |(0Q.OOO |O.0OQOQ |0.00O |(0Q.00Q |O.0O0OQ |0.0OO (0,000 |O.000 |(0O.OOO (0,000 |0.000 |(0.0QQ |(O.000 |0.000 (0.OOO (0,000 (0,000
o= 0.000 |0.000 (0.000 |O.00Q |0.000 (0.000 |O.00Q |0.000 (0,000 |0.000 |(0.000 (0,000 |0.000 (0.000 (O.000 |(0.000 (0.O000 (O.000 |(0.000
0° 0.000 |0.000 |0.000 |0.000 |0.000 |0.000 (0.000 |0.000 (0.000 |0.000 (0.000 |0.000 |0.000 |0.000 |0.000 |0.000 |0.000 (0.000 |0.000
a0® 0.000 |0.000 (0.000 |O.00Q |0.000 (0.000 |O.00Q |0.000 (0,000 |0.000 |(0.000 (0,000 |0.000 (0.000 (O.000 |(0.000 (0.O000 (O.000 |(0.000
50@ 0.000 (0.000 |0.000 |0.000 |0.000 |0.000 (0.000 |0.000 (0.000 |0.000 (0.000 |0.000 |0.069 |0.069 |0.000 |0.000 |0.000 (0.000 |0.000
40° 0,000 |0.000 (0,000 |O.000 |0.000 (0,000 |O.00Q |0.000 (0,000 |O.000 |(0.0O00 (0,227 |0.517 (0,428 (0,010 |0.000 (0.OOO |O,000 (0,000
30° 0.000 |0.000 |0.000 |0.000 |0.000 |0.000 (0.000 |0.000 (0.000 |0.000 (0.000 |0.240 |0.534 |0.433 |0.010 |0.000 |0.000 (0.000 |0.000
20° 0,000 |0.000 (0,000 |O.000 |0.000 (0,000 |O.000 |0.000 (O.000 |O.000 |(0.089 (0,231 |0.435 |(0.409 (0,000 |0.000 (0.000 (0,000 |(0.000
10° 0.001 |0.000 |Behind |Behind |Behind |Behind 0.000 |0.000 (0.000 |0.012 (0.597 |0.168 |0.261 |0.259 |0.000 |0.000 |0.001 (0.004 |0.001
2° 0,002 |Behind |Behind |Behind |Behind |Behind |Behind 0,000 (0,000 |0.012 |0.597 |0.086 [0.100 |0.100 |0.282 |0.642 (0,734 (0.759 |0.002

Shading factor for diffuse: 0.072 and for albedo: 0.245

The table is a calculation of the shading factor (shaded fraction of the sensitive area, 0 = no shadings,
1 = fully shaded), for all positions on the sky hemisphere "seen" by the PV plane. It allows the
calculation of the shading factor for the diffuse and albedo (which are integrals of this shading factor
over a spherical segment). For each hourly value, the simulation process will interpolate this table -
according to the sun position - to evaluate the current shading factor of the beam component.
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This also allows the construction of the iso-shadings graph, which gives a synthetic view of the times
of the day and seasons where the shadings are particularly problematic. The 1% line for example,
shows all the sun positions (or time in the year) for which the shading loss is 1%, i.e. the limit of
shadings.

Clicking "OK" will incorporate the shading effects in the next simulation. In the final loss diagram on
the report, there will be a specific loss for the "Near shadings". This loss reflects the fact that a
fraction of the sensitive area will be shaded at certain times of the day and year.

Loss diagram over the whole year

1246 kWh/m? Global horizontal irradiation
+2.5% Global incident in coll. plane
-0.08% Global incident below threshold
1240 Eor Qhodinac [llorizon
-9.59% Near Shadings: irradiance loss

-3.52% IAM factor on global
-3.00% Soiling loss factor
1062 kWh/m? * 49 m? coll. Effective irradiation on collectors
efficiency at STC = 18.48% PV conversion

Electrical effect: partition in module strings

When a PV cell is shaded, the current in the whole string is affected (in principle the current of the
string is the current in the weakest cell). There is no possible accurate calculation for this complex
phenomenon in PVsyst. We will just assume that when a string is hit by a shade, the whole string is
considered "inactive" concerning the beam component. This is an upper limit on the shading effect:
the truth should lie between the low limit - which we call the "Linear shading" - representing the
irradiance deficit, and this upper limit (see partition in module strings), representing the electrical
effect.
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More realistic simulation "According to module strings":
- Go back to the Near Shadings definition, button "Construction/Perspective"

- Click the button "Partition in module chains" on the left.

- Here you can split the field into several equivalent rectangles, each representing the area of a
complete string (not a module!). If there are several subfields, you should do this for every subfield
rectangle.

® Modules strings definiton

Yy Z z re-a LR
«» B VPl aQidR |4 9
History Selec... Paint of view Zoom Measure
Parameters
Zenith
Define the modules strings for this
table,
each resulting rectangle
represents one string.
lumber of string
In width 4.00
7 | In height 2.00
—String size:
Width R |m
Height 175 |m
Cancel partition
“Narth
| x Cancel H Close object
wEst | - South

The fact that one has to use rectangles for the strings limits the possibilities to shape complex
arrangements of panels within a string, perhaps you will not be able to represent the exact
arrangement of the modules. Since the impact on the simulation is not very high, a rough estimation
should be sufficient to give good results. If you want to get a feeling of the impact that the non-
perfect arrangement of panels into strings has on the simulation, you should perform the simulation
with different configurations and examine the variation of the results.
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When performing the shading animation, the partially shaded rectangles will now appear in yellow.
The improved shading factor is the sum of the grey and yellow areas, with respect to the field area.

File Create Select Edit View Tools Help

«» {5 [yt Qe (9D |F A v e |m7 & 7
Histary Selefuon Point of view Zoom Render Measure Madify Toals

h Too
Rorth Zenith Seene objects | Tools

» Zone editing

¥ Shadings animation

Eagt || Dav of year 1/12/2013
st draten

1.0

Shhding loss on clear day:
X1 o Beam linear loss 7.7° T

& loss 16.9%

Ciwest

Informatior

Date : 21/12/19 16h30
Sun height : 2°
Sun azimuth : 52¢

Shading factor
Linear : 0.103
According to module strings : 0.500

/ Close scene

Active area : 54.25 m*

) [ % concel |
,5un H . South
Grid cell sze : 5.00 m Perspective view

Use in the simulation

Like before, go the "Near shadings" dialog and choose "According to module strings" in the options
field "Use in simulation".

al shading detailed calculation™

—Mear shadings 3D scen

Comment IFarrn in Geneva, |
[ = Import |
“ Construction [ Perspective [ |

w Export

—Compatibility with Orientation and System parameter——

e shad has not been computed
Orient. [System Shadings

Active area 49 m= 54 m?

Fields tilt 25.0° 25.0°

Fields azimuth 70.0° 70.0°

Do you want to compute it now ?
{—shading factor table
[ Table | [ Graph

—Use in simulation —Calculation mode

O No Shadings O Fast (tzble) @ Slow (simul.) (7]

O Linear shadings

® According to module strings Fraction for electrical effect L Y 0
O Detailed electrical calculation (acc, to module layout)

[ Q System overview

el Print | [ R cancel " & oK
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You will be asked once more to compute the shading factor tables, after which you can open the iso-
shading graph to compare the results of the improved shadings with the "Linear shadings" case.

® IsoShadingPlotForm

Close Print Export Curve parameters Changeto Solar Time Change te Polar coord.
how fane orientation
@ kinear e Fixed Tilted Plane, Tilt = 25°, Azimuth = 70°

Module strings table

DEMQ Residential system at Geneva

Beam shading factor (linear calculation) : Iso-shadings curves

-~ Siladng loss: 19 Atlenuation for diffuse: 0.072 ' 122 fime
Shading loss: 5% and albedo: 0.245 222 may - 23 july
Shading loss: 10% 3:20 apr - 23 aug

75| =-=-- Shading loss: 20% 4: 20 mar - 23 sep]
—-—  shacing loss: 40% 13h 521 feb-23 oct
& 19 jan - 22 nov.

Azimuth [7]

"Fraction for Electrical effect": this is the way how the yellow parts will be treated in the simulation.
A 100 % value will withdraw the total electrical production of these areas in the simulation. This is
the upper limit of the shading effect. Perform a simulation with this value.

—Use in simulation —Calculation mode
Mo Shadings Fast{table) @ Slow (simul.) 7]
Linear shadings
@® According to module strings Fraction for electrical effect [80.0] % | P

Detailed electrical calculation (acc. to module layout)

For the simulation that you will present to you end-customer, you can fix a different value to get
closer to reality. For the present time there is no means to get a good estimation of this factor (a
reasonable guess would be around 60-80%, accounting for a partial recovery due to the by-pass
diodes).

Combining the near shadings with the horizon (far) shading

In a first step of the simulation, the program will evaluate the beam component according to the
horizon line, resulting in full or zero beam depending if the sun is above the horizon or not. After this,
the near shadings factor is applied to the beam component.

Therefore, when the sun is below the horizon line, there will be no near shading loss for the beam
component, as the beam is null. In other words, potential near shadings for sun positions already
affected by the horizon will not produce any additional losses in the beam component.

Note that also the diffuse component is affected by the near shadings and the horizon. The diffuse
light gets only slightly changed by the horizon line and there will still be near shading losses on the
remaining diffuse contribution.
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Part 3: Meteorological Data Management

1- Introduction
This tutorial will guide you through the different options for the management and organization of
meteorological data in PVsyst and explain the importing of data from external sources.

The meteorological data (short: ‘meteo’ data) are the starting point of the evaluation of a project.
Special care should be taken when importing and generating these data, since they represent the
main source of uncertainty for the simulation. We recommend using only data from reliable sources
and to always perform some basic crosschecks on them, as will be explained in this tutorial. This will
make sure that no serious mistake was made which could compromise the quality of the results.

Self-measured data should only be used, if the measurements were performed with the proper
equipment that has been installed, carefully calibrated and the results analyzed by qualified experts.

Data organization
Input Data

The first input that PVsyst needs is the geographical location of the project to be simulated. This will
determine the sun path over the year and allow to interpolate meteorological data for places where
no direct measurements were taken.

The meteorological data that is used as input for the simulation consists of the following quantities:

Horizontal global irradiation (required)

Average external ambient temperature (required)
Horizontal diffuse irradiation (optional)

Wind velocity (optional)

The first two, horizontal global irradiation and average external ambient temperature, must be
supplied as external input to the simulation. There is no good way to estimate them just from the
geographical location. The other two quantities can either also be supplied as external measured
data or, in case there are no good measurements available, they are estimated by PVsyst with the
help of established models.

Synthetic generation of hourly data

The simulation of PVsyst is done in hourly steps over a whole year. The built-in data from
Meteonorm come in monthly values. It is therefore necessary to generate artificially the hourly
values, starting from the monthly ones. PVsyst uses special algorithms to generate the hourly values
for the meteorological data. Most of the external data sources provide data directly in hourly values
for full years (e.g. TMY from PVGIS or NSRDB).

* SIT and *.MET files

PVsyst stores the geographical location together with the monthly meteo data in one file for each
site. These files have the extension “.SIT’. You can have more than one file for each site if you have
monthly data from different sources or from different years that you would like to compare. The
hourly data is stored in files with the extension *.MET’ and here too you can have more than one file
per site to compare different years or different data sources. If you obtain a *.MET’ file without a
“.SIT" for the same coordinates, you can directly export it from ‘Meteo tables and graphs’ by pressing
‘Export site’.
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Data Sources

The built-in meteorological data source of PVsyst is the monthly database of METEONORM.
Meteonorm delivers monthly meteorological data for almost every spot on the globe and PVsyst will
use this source by default if no other is explicitly specified. As a last resort if Meteonorm return
errors, it is also possible to choose satellite data from the legacy NASA-SSE. Furthermore, PVsyst
gives an easy access to several public sources directly available from the Web like PVGIS, NSRDB
among others. Self-measured data and data from other providers like national meteorological offices
may also be imported from text files(or .csv) using a tool that can be adapted to different data

formats.

Opening the meteorological data management options

All manipulations and visualizations of the meteo data are accessed through the option "Databases"

in the Main Window:

€ PVsyst 7.0 - LICENSED

File Preliminary design Project Settings Language License Help

i Welcome to PVsyst 7.0

Project design and simulation

i & T
Grid-Connected Stand alone Pumping
Utilities
—_—
S % o
Databases Tools Measured Data
Recent projects 0 Documentation

P PVsyst user workspace

C:\Tuto\PVsyst7.0_Data

Open PVsyst Help (F1)

Q ]
F.A.Q. Video tutorials
| ", Manage | | 11 switch |
‘ o] it ‘

After clicking on this Button, the Database Window will pop up on the screen. The left side contains
the options related to meteorological data. It contains the options:

Geographical sites:
Synthetic data generation:
Meteo tables and graphs:
Compare meteo data:
Known format:

Custom file:

Monthly data management
Generate hourly values from the monthly data
Visualization and crosschecks of the hourly data
Compare different meteo files

Import meteo data from predefined sources
Import meteo data with custom format
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Meteo database

Main meteo data:

@ Components Database

Main components:

v

Geographical sites

Synthetic Data generation

PV modules

Batteries

Display and compare meteo files:

Grid components:

72

Meteo tables and graphs

Compare meteo data

Grid inverter

Import meteo data

Stand-alone components:

m Miscellaneous databases

Financial and logistic data:

Pumps

ey

Manufacturers and Retailers

Prices

= |
Known format Custom file LS ﬂ
Controllers for stand-alone Generators
Pumping components:
Motes about meteo T E

Controllers for pumping
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2- Geographical sites
The main database is given as objects including the geographical coordinates and associated monthly

meteo data. These objects are stored as files with the name *.SIT, situated in the workspace in the
subfolder \Sites\.

Click on "Geographical sites":

Meteo database 0

Main meteo data:
A matas

0
Q Synthetic Data generation
Geographical sites

Display and compare meteo files:

% Compare meteo data
Meteo tables and graphs

You will get a dialog for the choice of the geographical site, where you can choose the country or
region of interest and a given station. The first column is the name of the site, the second one the
country in which the site is located and the third one describes the source of the monthly
meteorological data.

a geographic

Current geographical site: Geneva_~Cointrin (Original PVsyst database)

Search I | | Europe \/l

File name Town Country Data source

Fichtelbera Mountain Fichtelbera Mountain Germany MeteaMorm 7. 2 station -
Finnoy I Hamaroy Finnay I Hamaroy Morway MeteoMorm 7.2 station
Fionnay Fionnay Switzerland MeteoNorm 7.2 station

Foulum Foulum Denmark. MeteoMorm 7.2 station
Freburg Freiburg Germany MeteoMorm 7.2 station
Frejorgues Montpel Frejorques/Montpel France MeteoMorm 7.2 station
Fruholmen Fruholmen Norway MeteoMNorm 7.2 station
Fuerholzen Fuerholzen Germany MeteoMorm 7.2 station
Fualoykalven Fualovkalven Norway MeteoMorm 7.2 station
Funchal Funchal Portugal MeteoMNorm 7.2 station
Gaddede Gaddede Sweden MeteoMorm 7. 2 station

Galati Galati Romania MeteoMorm 7.2 station
Galivare Gallivare Sweden MeteoMorm 7. 2 station
Gaziantep Gaziantep Turkey MeteoMorm 7.2 station
Geisenheim Geisenheim Germany MeteoMorm 7.2 station

Gela Gela Italy MeteoMorm 7. 2 station

Gera Leumnitz Gera/Leumnitz Germany MeteoMorm 7.2 station
Geyberga Island Geyberga Island Russian Federation MeteoMorm 7. 2 station
Giessen Giessen Germany MeteoMorm 7.2 station

Giswil Giswil Switzerland MeteaMorm 7. 2 station
Glasgow Airport Glasgow Airport United Kingdom MeteoMorm 7.2 station
Godhavn Godhavn Greenland MeteoMorm 7.2 station
Godthab Airport/MNuk Godthab Airport/Muk Greenland MeteoNorm 7.2 station
Godthab Godthab Greenland MeteoMorm 7. 2 station
Goerlitz Goerlitz Germany MeteoMorm 7.2 station
Galitsing Golitsino Russian Federation MeteoMorm 7. 2 station
Galomiannyi Island Golomiannyi Island Russian Federation MeteoMorm 7. 2 station
Gotebora/Save Gotebora/Save Sweden MeteaMorm 7. 2 station
Granada Airport Granada Airport Spain MeteoMNorm 7.2 station

Graz Graz Austria MeteoMorm 7.2 station
Grazzanise Grazzanise Ttaly MeteoMorm 7.2 station
Gremikha Gremikha Russian Federation MeteoMorm 7.2 station -

J. o . S .
3:47 Set favorites | { w Export | [ + New Delete
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To create a new site for a project, cli

ck on ‘New’. You will get a window with the geographical site

parameters that contains three tabs:

Geographical Coordinates
Monthly meteo
Interactive Map

€ Geographical site parameters, new site = O
Geographical Coordinates Monthly meteo = Interactive Map
If the map does not load, you can always enter the coordinates directly in the first tab "Geographical Coordinates” to create your geographical site. /Q"
| = 7 LAUSANIE = | Selected point
Morges ==
Lca | P \ Lo
Parc natiirel A el Genéve
régiénal L H
X z Country
dy Haut-
y Switzerland
Jura _Gland
) \ 4y, Latitude (°)
saint.Claude pe [ ; 46.2022
| Thononles:
3/ Bains,
/ // Lelléeman .2 Longitude (°)
’, 6.1457
# Gex AN
( ! Altitude (m)
| / Geopark 398
/ versoix Chablais
/ { . 5 - Time zone
Sonnax Ferney-Voltaire g Y 1
/ 7t
| Vi MEYIO 7 G ey / —
\ /l / 7 Vernier-_ ) 5
\ Y/ 4 7 { Ge@ve- e /" Accept selected point
1 v / | S Annemasse
= Ad04 J 1 Carouge / |
/ AR | Plarles-Ouates L~ \\
/) 4 N SamHuI:’g\n—_\/ AN
o vy "N = £n:Genevois \ \
/ [ {8 £ =1 . )
7 Bellegarde- = o \ N
1L~ sur—\;él‘serme' =Y / PAieA
v { !
S —~ | | N ~
X / La/Roche! Bonneville Sy
{ ) { sur-Foron_= " “Gluses
¢ \ = = N
\ 7
#
k X = © OpenStreetiap contributors
‘ » Import = Exp e BE table * Newsite Print x Cancel

The tab "Interactive Map" allows you to select interactively the location of your site using Google
maps. You can click on the map to choose the site location. You can zoom into and out of the map,
and you can use the search field to find the name of a place. When the red mark is at the desired
place, click on “Import” to transfer the location to the “Geographical Coordinates” tab.

In case of internet connection problems, you can always define the coordinates and all site
information in the “Geographical Coordinates” tab without using the map.

In the tab "Geographical coordinates" you define:

Site name:
Country and Region:
Geographical Coordinates:

Choose a name for the site of your project

Normally you do not need to change this

The Latitude, Longitude, Altitude (which uniquely define the
(x,y,2) coordinates of a given point of the earth), and the time
zone. Ex: for central Europe, the wintertime corresponds to
UTC+1, while the summertime is UTC+2. You can obtain accurate
Latitude/Longitude coordinates from your GPS or Google Earth.
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raphical site parameters,

Geographical Coordinates | Monthly meteo  Interactive Map

—Locati
Site name I Get from coordinates
N T 0] reoon © Showmap
—Geographical Coordi —Meteo data Import
® Meteonarm 7.3
Sun paths
O Nasa-SsE
Dedmal Deg. Min. Sec. O PyGIs TMY
teude (62313 | [ | (4 = North, - = Seuth hemisph.) NREL / NSRDB TMY
Longitude 6.1209 7 15 + = East, - = West of Greenwich
e i JUE | ][E] toem ) e
Altitude: M above sea level
Time zone : Carresponding to an average difference
Legal Time - Solar Time = 0Oh 36m
»  Import | [ wp Export line | [ up Export table + MNew Site | ’ H Print | ’ x Cancel | [ _l OK

In this dialog you can also:

- see the sun paths corresponding to your site,

- import/export the site data with "copy/paste" (for example into or from a spreadsheet like EXCEL),

- print a complete form with the data of this site.

- If you define a new site (by its geographical coordinates), PVsyst will import by default the data
from METEONORM, which is a reliable source for monthly meteorological data.
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Geographical Coordinates | Monthly meteo | Interactive Map

Data source

Site Grand-Saconnex (Switzerland)

Global Horizontal Temperature  Wind Velocity  Linke turbidity Relative

horizontal diffuse humidity

irradiation irradiation

kWh/m2/mth kwh/m2fmth °C mfs [ %
January |33.1 | |17 | [e7 | |20 | [z410 | e | .

eq
February ISS'S I |27‘7 I |3‘D I |2.49 | |2. =0 | |73'6 | Global horizontal irradiation
March [105.6 | | fes | |20 | [ze3s | eas ] Arage Ext. Temperetre
Apri |138.5 | ez | fw2 | |z | [z2s3 | sz | v
xtra data
May IISS'S I |W‘B I |15‘D I |2'ZD | |3'350 | |66'3 | Horizontal diffuse irradiation
June [187.7 | [ere | EE | EED | [z | e+ ] 0 ind velocity
Tuly |187.1 | e | | fzas | |30 S | Linke turbicty
August [160.6 | [ | s | [Leo | [p022 | [ees ] Relative humidty
September [119.0 | EEE | [1s3 | free | [as0s | [74 ]
October |77 | |s00 | [ws | fret | [z | | | yeradiation units
November [EE | |e2e [ | [z | [ases [CE ] O kWhjmz(day
December [26.5 | [1s5 | |28 | |23 [ | [ms ] 8 kitthjmfmth
2
Year g 12928 594.7 10.9 23 2.886 719 o :i’:! zj:::
Paste Paste Paste Paste O wifmz2
Global horizontal irradiation year-to-year variability 5.9% O Clearness Index kt
» Import | [ wp Export line | [ wp Export table + Mew Site | [ | [ x Cancel | [ H OK

Once monthly data has been imported, the tab "Monthly meteo" will display the monthly values.
Values for Global irradiance and Temperature are mandatory input for the simulation. Global diffuse
and wind velocity are optional. They will be evaluated by models when necessary.

Data source:

Irradiation units:

Data fields:

Describe the source of the monthly meteo data, PVsyst will fill this field when you
import the data from a predefined source.
You can choose the units in which the global and diffuse irradiation values are
displayed. This is useful to import or compare to data sources that use units

different from the PVsyst default.
You can edit these values by hand. If data are given as lines or columns in a

spreadsheet, you can "paste" entire columns at a time.

After defining or modifying a site, the program will ask whether you want to keep your modifications,
and if so it will modify or create a new site in the database (i.e. a new file in the \Sites\ directory).

Save the geographical site file

Description

Grand-Saconnex;Switzerland;Europe

File name

[Grand-Saconnex_MN73

Directory C:\Tuto\PVsyst7.0_Data\Sites

el I [
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Managing Favorites

The sites will normally have a white background in the selection list. Green entries
are sites that have been defined as favorites by the user. New sites that are
created by the user are put into favorites by default. They can be removed from
the list of favorites by clicking on ‘Set Favorites’, selecting the site from the list
and clicking on ‘Close Favorites’. In the same way you can add more sites to the
list of favorites.

PVsyst’s built-in database
The built-in site database of PVsyst is based on the METEONORM database, which defines about
2'500 "Stations" for which measured irradiances on the ground are available.

In Meteonorm, data of all other sites are interpolated between the three nearest stations and
satellite data. For most of the European countries, all the measured stations available in Meteonorm
are inside the PVsyst built-in database. But for many other regions of the world, the measured
"Stations" are very scarce, and Meteonorm uses Satellite data to complete this information.

Besides the built-in database, PVsyst also offers tools for easily importing meteo data from many
other sources. This will be described in the chapter “Importing data from predefined sources”.

The year 1990

In PVsyst, we have adopted the convention to label all data which don't
correspond to really measured data at a given time as 1990. This is the case,
namely, of all synthetic hourly data or TMY data files.
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3- Synthetic data generation
The simulation process in PVsyst operates on hourly values. If no measured hourly data is available,
PVsyst constructs a set of hourly meteo data from the monthly values. The hourly data will be stored
in *.MET files, which reside in the \Meteo\ directory.

For the irradiance, the synthetic generation of hourly values from monthly averages is performed by
using stochastic models that have been developed by the Collares-Pereira team in the 1980's. This
model first generates a sequence of daily values, and then a sequence of 24 hourly values per day,
using Markov transition matrices.

For the temperatures there is no model predicting the temperature evolution as function of the daily
irradiation, as the temperatures are mostly governed by atmospheric circulations. Therefore, the
sequence of daily temperatures is mostly random, with constraints on the transition from one day to
the other. Within a day, the temperature profile is well correlated to the irradiance. This results in a
sinusoidal-like shape over 24 h, with an amplitude proportional to the daily irradiation and a phase
shift of around 3 hours with respect to the highest solar angle (the warmest hours are at around 3:00
solar time).

Please note that the generation of the hourly values is a fully random process, two successive
generations performed with the same monthly data will result in different hourly values. When
performing simulations of grid-connected systems, this may produce variations of 0.5 to 1% in the
yearly result.

To generate a synthetic hourly file, head to the “Synthetic data generation” dialog.

Meteo database d
Main meteo data:
p
¢
Synthetic Data generation
Geographical sites
\o

Display and compare meteo files:

E‘?} Compare meteo data
Meteo tables and graphs
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First choose a site holding monthly meteo data. Now you can specify:

Site name: This is the site name that will be used in the .MET file. You can have it different from the
one used in the .SIT file if you want to generate more than one .MET file for the same
site. This site name will be visible if you select a meteo file for your project.

Source: The source of the data. This is automatically filled in and normally you do not need to
change this. This information will also be visible when you select a meteo file for your
project.

File name: Select a unique name for a new file or overwrite an existing one.
Press the “Execute Generation” button.

The successful generation of the data is acknowledged by a message

® Generation of Synthetic Hourly Meteo Values

—Source data (site, monthly values)
Country [ Region Site
ISwiiIerIand \/I IGrand-Saconnex Meteonorm 7.3 (1996-2015) vl | Q Open |

—Meteo file to be created (hourly data)

Type Site IGrand -Saconnex |

Source  |Meteanorm 7.3 (1996-2015) |

File name IGrand-Saconnex_MNB_SYN.MEF |

Initial random seed: - 9

—Irradiation units

PVsyst will apply the synthetic generation

Global Diffuse Temper. 1 .
) kwh/m2/da and use the monthly diffuse to renormalise
0 [kwWhfm2mth]  [kWhfm?fmth] [*c] fm?/day the hourly output values of diffuse.
January 33.1 17.9 1.7 O MIfm2/day
February 55.8 7.7 3.0
2
March 105.6 6.1 6.6 O Mijmmth
April 138.9 63.6 10.2 O Wfm2
May 168.5 77.8 15.0 ) Clearness Index Kt
June 187.7 81.8 18.9
July 187.1 72.8 0.3 —Generation options
August 160.6 73.8 13.5 0 Use Monthly Diffuse
September 119.0 53.9 15.3 )
October 717 0.0 115 0 Region typology (for temperatures) :
November 38.3 229 5.8 ISwiss Plateau, land, important mist \/l
December 26.5 16.5 2.6
Year 12928 594.8 10.9
> Execute Generation ‘ ‘ ~| Close

There are some options that you will in principle never modify:

"Use monthly diffuse": The diffuse part is evaluated using the Liu-Jordan hourly correlation. At the
end of each month, the diffuse values are renormalized in order to match the
specified monthly diffuse.

Region topology: The temperature model that is used by PVsyst was established using Swiss
data, with a detailed analysis of climate type dependence. It is possible to
choose one of the topology types that are defined for this model, but the
differences between all these options are very small (slight coupling
differences between irradiance and amplitude, or inertial shifts). If you are
unsure which option to use, select the PVsyst default “Swiss Plateau, land,
important mist”.
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4- Meteo tables and graphs
In PVsyst, the hourly values are stored in *.MET files, they are stored in the \Meteo\ subfolder in
your workspace. For visualizing their contents, you must use the button “Meteo Tables and Graphs”
in the "Tools" group.

Meteo database

7

Main meteo data:

()
Q Synthetic Data generation
Geographical sites

7=

Meteo tables and graphs

Compare meteo data

The “Meteo Tables and Graphs” dialog will appear on the screen. After choosing a meteo file,
information on the site is shown at the top and the type of data is displayed on the left side of the
dialog. On the right side it is possible to select if you would like to have a graphical output ("Graphs")
or a table ("Tables"). Both options allow you to look at hourly, daily or monthly values. The third tab
“Check data quality” allows you to perform some deeper analysis on the data quality. This step is
very important, especially if you imported data with custom format.

® Meteo tables and graphs

Meteo File 9

Grand-Saconnex_MN73_SYM.MET Grand-Saconnex Meteonorm 7.3 {1996-2015) Synthetic Vl
Source |Meteunurm 7.3 (1996-2015)| Kind [ year
ical site included
. Site name |Grand53mnnex I Country |S',\'itzerland |
Q Latitude 46.2319°N  Longitude 6.1209°E Altitude 44m Time zone 1.0 Q I = Export meteo site ” C, Open meteo site |
Data characteristics 9 Q| Data display and verification

Synthetically generated data from monthly values, {2 Graphs | Tables '€ Check data quality

Beginning date  01/01/20 00h0O Legal Time Vari
End date 31/12/30 23000 Synthetic data ¥ Horiz. Global () Ambient Temper.
Initial random seed: 1 & Horiz. Diffuse [ wind velodty
Year 1990 indicates generic data {unspedific year) () Horiz. Beam

Source file g [CINormal Beam Precipitable water column
Name Grand-Saconnex_MN73.5IT [ Relative humidity
Format SIT file ([ Global tilted plane Linke coefficent

[ Clearness Tndex Kt Aerosol optical depth
Time reference  Legal Time
Time step 1 month

—Graph type Val Irradiation unil
® Time based ® Hourly
) ) Histogram O Daily
Summarizaton  Multi-year ©) Sorted values (] Monthly
Used Horiz. Global wind Velocity
parameters in N
source Hriz. Diffuse —Graph dat:
Diffuse from model @®Days “ OFrom 01/01/1990
Ambient Temper.
OMonth [t |7 to 112/1950 I'QE EEEER

om

Delete

[ e |
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Graphical output
When the tab “Graphs” is selected you can first select the Graph type:

Time evolution:  Plots the data values against time.
Histogram: Plots a distribution of the values.
Sorted values: Displays all values in decreasing order.

The main variables preselected are:

Horizontal global irradiance
Horizontal diffuse irradiance

Note that since some of the other options exclude each other you will not be able to select all the
variables at the same time.

Graphs of hourly values
In the "Graph" tab, choose "Time evolution", "Hourly", "Global" and "Diffuse" (default selection), and
click the button "Graph".

k=% Graphs | B Tables 1€, Check data quality

—Variables
Horiz, Global [ Ambient Temper,
Horiz. Diffuse [ wind velodity
[ Horiz, Beam
[ Mormal Beam Precipitable water column
[ relative humidity
[[) Global tilted plane Linke coeffident
[[) Clearness Index Kt Aerosol optical depth
—Graph type Values Irradiation units——
(®) Time bazed ® Hourly ﬂw,.'m? \/I
() Histogram O paily
) sorted values ) Monthly
—Graph dates
o ] Oren
Ovortn 10 =

This will open a graph with the hourly meteo values, and you can walk through your entire data using
the Scrollbar on the right. The plot includes a blue line, which represents the Clear sky model,
superimposed on your data. It is very important that the data is not shifted on the time axis with
respect to the blue line. This will always be the case for the synthetic data, or the data imported from
known sources using the "Import meteo data" PVsyst tool.
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® meteo for Grand-Saconnex - Synthetically generated data from monthly values.

Close Print Export Fermat Previous day Mext day Clear Sky Model Help

meteo for Grand-Saconnex - Synthetically generated data from monthly values.

1000 — T T T T T
= Global horizontal irradiation, sum =4.9 [kWhi/m?]
—— Horizontal diffuse irradiation, sum =0.8 [kWhi/m?]
—— Global horizental irradiationclear sky, sum=5.1 [KWhim]
soolk - Horizontal diffuse irradiationclear sky, sum =1 [KWh/m] .
= B00f i
2
£
= 40} -
200 -
o ] ] d ]
1] 3 i1 9 12 15 18 21 24

16/03/890

But this may be different for personal data that is imported with the "custom files" tool. If the data
are not matching the Clear day model and are shifted toward morning or evening, this indicates that
the time stamps of the data don't match the PVsyst standard, and all the models using solar

geometry will not work properly.

When walking through the year, you will see that clear conditions, where the horizontal global
irradiation matches well the clear sky model, correspond to a low diffuse component. When the sun
becomes hazy and the horizontal global irradiation is well below the blue line of the clear sky model,
the diffuse part increases. The difference between the global and the diffuse corresponds to the

beam component.

© meteo for Grand-Sacomex: - Synthetialy generated data from monthiy values.

Close Print Export Format Previous day Nextday ClearSky Model Help

meteo for Grand-Saconnex - Synthetically generated data from monthly values.

X |*® meteo for Grand-Saconnex - Syntheticaly generat

ted data from monthly values,

Close Print Export Format Previous day Nextcay Clear SkyModel Help

meteo for Grand-Saconnex - Synthetically generated data from monthly values.

. SUm =56 [KWhim]
Horizontal diffuse iradiation, sum =16 [KA/F]
Glabal horizontal iradiationclear sky, sum =6.3 [Kih/m’]
L -+ Horizontal aiffuse madiationclear sky, sum.=1.2 [<AN/F]

1000 : : : : 1000 : :
“—— Giobal horizontal iradiation, sum =0.3 (kAT Giobal norizontaliradiaton
Horizontal diffuse iradiation, sum =0.3 (KNI
—— Giobal horizontal radiationclear sky, sum =2.3 [T
ggo |- -~ Horzontaldiffuse imsdistionclear sky, sum=0.5 [AANTF] 1 200
= e - ewf
S E
H H
S af 5 o
200 200f-
0 . . 0
0 3 g g 12 I8 [ El 2 o 3

16101780
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Graphs of daily values

To get a plot with daily values, select “Daily” in the “Values” selection.

[£¢ Graphs Tables '€, Check data quality
Variables
Horiz. Global Ambient Temper.,
Horiz. Diffuse wind Velocity
Hariz. Beam
Mormal Beam Predipitable water
Relative humidity
Global tilted plane nke coeffident
Clearness Index Kt Aerosol optical depth
—Graph type Values —TIrradiation uni
® Time based ® Hourly W im2 ~
Histogram Daily
Sorted values Monthly
—Graph dates
@ Days 1 From 01/01f1990
Month  [1 to 3112/1080 [ show graph

You will get a scatter plot of the irradiation values against the day of the year. Each point represents
the irradiance for a single day in [kWh/m?/day]. The blue envelope curve describes the Clear sky

model. This plot gives a
limit for the measured i

quick crosscheck of the quality of the data. The Clear sky model is an upper
rradiance, and none of the points should exceed this curve significantly (more

than 3-5%). If larger discrepancies are seen, this indicates that the data are not good.

Tables
You can also show your

data as tables. You can choose up to 8 values to be put into the table at the

same time, including the irradiance on a tilted plane (transposition model) or the normal beam
component (for concentration).

As for each data table in PVsyst, you have the possibility to:

Print the table:

Export / Copy as text:

Export / Copy as image:

Export / Copy to file:

You will get the Print dialog, where you can add comments to the header of
the table and specify the time range for which you want to print the values.
This will "copy" the full table to the clipboard, from where so you can "Paste"
it directly into an external spreadsheet like MS Excel. Remember that in MS
EXCEL, the imported data will usually be gathered in one single column. To
expand the data to cells you have to use the standard EXCEL options for
importing data: menu “Data” / "Convert...", and here you should choose
“Delimited” / “Semicolon” separator.

NB: The data will be copied with a decimal point. If you are using decimal
commas (international preferences in Windows), you will perhaps have to
change all points to commas.

Will copy a bitmap image of the table to the clipboard, from where you can
paste it into a report.

Will create a CSV file which you can open in any spreadsheet program.

NB: Due to contractual constraints of the METEONORM provider, the
hourly tables of METEONORM data cannot be exported.
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5- Importing Meteo data from predefined sources
In PVsyst it is also possible to import meteorological data from external sources. There is a set of
predefined data sources for which importing has been semi-automatized. To access this option, click
the "Known format" button in the Meteo database window.

Meteo database

Main meteo data:

e

¢

Geographical sites

Synthetic Data generation

Display and compare meteo files:

2

Meteo tables and graphs

Compare meteo data

Import meteo data

Known format

Custom file

Motes about meteo

The “Import Meteo Data” dialog will pop up, which gives access to the easy-to-use tools for
importing meteo data from predefined sources. If you press F1 you will obtain a detailed description
of the available data sources. After choosing a source, clicking on “Information for importing” button
will open the online help window with a detailed procedure for importing the data. Please follow it
carefully and pay attention to the messages written in red at the top of the screen during your

progress.

® Importing Meteo data from different sources

—External data
Hourly data
Monthly data
PYGISw5 Hourly Time Series Direct Impart el

PVGLS v5 - fTee INterpalated data fTom several satelite soUrces
PVGIS SARAH: Europe, Africa, most of Asia, and parts of South America 2005 to 2016

Please define the site name

PVGIS COSMO: Europe orlly, 2005 to 2015

PVGIS NSRDB: North and South America from 60°N to 20°, 2005 to 2015
PVGIS CMSAF: Europe and Africa, 2007 to 2015

PVGIS ERAS: Europe only, 2010 to 2016

() miormation for importing

 Locati
Impart
Site | |
Country [ ~]
Get from coordinates
S * comesponding to an sversge diference @) AJB Change fle name
Legal Time - Solar Time = Gh Om

Irradiation database |PvGISSARAH <@ Show site
G ical Co

4 save site

Decimal Deg. Min. [
Latitude P (+ =North, - = South hemisph.)
EXH o Ol o O Y srbetcom.

longitude  [0.0000 |° E' E' E' (+ = East, - = West of Greenmwich) J
Atude [0 |mabove sealevel 45 Select on map & cexr

I:'
7] cose
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The data from the different sources are not always completely comparable. The online Help of PVsyst
includes a comparison of such data for 12 sites from the north to the south of Europe.

The following section contains an example on how to import meteorological data from the PVGIS
project.

Importing PVGIS Data

PVGIS (PhotoVoltaic Geographical Information System) is a research, demonstration and policy-
support instrument for solar energy resource, part of the SOLAREC action at the JRC Renewable
Energies unit of the European Communities (Ispra). You will find a complete description of this
project at https://ec.europa.eu/jrc/en/pvgis . The PVGIS database covers Europe, Africa, most of
Asia, part of South America, central and North America with data from NSRDB.

Importing PVGIS data is automatic after choosing the coordinates manually of from the map.

© Importing Meteo data from different sources

—External data
Please define the site name
Hourly data
HMonthly data
PVGISVS Hourly Time Series Direct Import \/l

PVGIS v5 - free interpolated data from several sateliite sources

PVGIS SARAH: Europe, Africa, most of Asia, and parts of South America 2005 to 2016
PVGIS COSMO: Europe only, 2005 to 2015

PVGIS NSRDB: Morth and South America from 60°N to 20°5, 2005 to 2015

PVGIS CMSAF: Europe and Africa, 2007 to 2016

PVGIS ERAS: Europe only, 2010 to 2016

9 Information for importing

—Locati

Site [ ]

Import

Country | VI
Get from coordinates
Time zone * corresponding to an average difference 0 A|B change file name
Legal Time - Solar Time = Oh Om
Iradiation database [PvcIssaran 1@ Show site
1 C
) Save Site
Decimal Deg. Min.
Latitude 0,0000 P (+ = North, - = South hemisph.)
pooo I Jl P ] S
longitude  [0.0000  |° El El El {
Altitude Dm above sea level | %5 Select on map |] ‘ o Clear ‘
‘ —E Close ‘

After the coordinates have been set and the rest of the data are filled, you can press the button
“Import” to obtain a full timeseries for 10+ years of hourly data. Each year imported creates a
separate .MET file.
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—External data

Hourly data
Monthly data

IPVGISVE Hourly Time Series Direct Import

]

PVGIS v5 - free interpolated data from several satellite sources

PVGIS COSMO: Europe only, 2005 to 2015

PVGIS MSRDB: North and South America from 60°N to 20°5, 2005 to 2015
PVGIS CMSAF: Europe and Africa, 2007 to 2016

PVGIS ERAS: Europe only, 2010 to 2016

PVGIS SARAH: Europe, Africa, most of Asia, and parts of South America 2005 to 2016

Ready for importing.
If desired you may modify the site and target file name.

0 Information for importing

| =

File creation status: JSIT file{s) created, @
—Locatio
Site |Le Grand-Saconnex
Country |Swi12ErIand vl
Get from coordinates
Region |Europe \/l
TremTe 1.0 |~ corresponding to an average difference 0

Legal Time - Solar Time = Oh 36m

A|B Change file name

Iradiation database |PuGIs-saRaH ~@ Show site
%mpﬂml Eou::ma!a
1 Save Site
Decimal Deg. Min. 1
Latitude ° EI EI EI (+ = Morth, - = South hemisph.}
Synthetic gen.
Longitude " D @ B (+ = East, - = West of Greenwich) L 1 |
Altitude m above sea level

Q Clear

—E Close

When the .MET files have been saved, you can press “Save Site” to save a site with monthly data
based on the average of the timeseries. After saving the site you can generate a synthetic hourly
meteo file based on the average of the timeseries by pressing the “Synthetic gen.” button. The dialog
“Generation of Synthetic Hourly Meteo Values” will pop up. Click on “Execute Generation” and
PVsyst will create the .MET file with the hourly values based on the monthly averages of the

timeseries.

Geographical Coordinates | Manthly meteo | Interactive Map

Site Le Grand-Saconnex (Switzerland)
Datasource  [PVGISSARAH, 2016
Global Horizontal ~ Temperature  Wind Velocity
horizontal diffuse
irradiation irradiation
Kihjm2fmth Kivh/m2fmth c mfs
January 28.3 17.2 4.1 3.40 o
February 42.2 28.2 4.6 3.68 "'
Global horizontal irradiation
C 5 5.0 3
March 99.0 6.8 5.0 22 Average Ext, Temperature
April 110.4 | [ ] [ | [2e0
M 120.3 70.6 14.1 2.60 [ e data
Y ° Horizontal diffuse iradiation
June 199.4 g0.0 18.0 2.21 ]
viind velocity
Jul 189.7 7.8 215 2.25
v Linke turbidity
August 181.2 59.8 209 2.08
9 ] | ] | | | Relative humidity
September 120.2 46.1 18.3 2.02
October 72.6 35.1 10.4 2.29 irraciation units
November 35.5 20.7 6.5 2.92 O kih/m2fday
December 3.7 | R ] s | L7 @ kih/m2fmth
© mIjmz/day
Year 1207.5 559.1 116 26 O MIm3jmth
O wijm2
O Clearness Index Kt

76



6- Importing Meteo data from custom file

If none of the predefined data sources contains satisfactory data for your project, or if you have

access to a better data source, you can import this data to PVsyst from custom files.

Please note, that measuring and analyzing meteorological data is a complex and difficult task. It is
very easy to get biased or wrong results due to wrong calibration of instruments or inadequate
analysis tools. If you want to use self-measured data, please make sure that it has been measured
with adapted equipment and analyzed by an expert with the necessary skills. Always perform basic
crosschecks on the data as explained in this tutorial. The meteorological data is at the origin of the
main uncertainties of the simulation. Poorly measured or processed data can lead to significant

deviations of the results.

To import custom meteorological data, click on “Custom file” in the Database window:

Meteo database

Main meteo data:

¢

Geographical sites

Synthetic Data generation

Display and compare meteo files:

Meteo tables and graphs

Compare meteo data

Import meteo data

Known format

Notes about meteo

r——

Custom file

—_—

The “Conversion of custom (sub-) hourly meteo files” dialog will pop up.

® Conversion of custom (sub-Jhourly meteo fles

Data source

Custom file

C:\Tuto\PVsyst7.0_Data\Meteo\**

Situation

Country All countries

Internal file to be created

Site Grand-Saconex

Internal fil - File name

=+ | Conversion

Conversion format for

Site [Grand-5aconnex

Source [Custom file

Grand-Saconnex_Custom_Imported MET

7 Choose |

New Conversion format for custom metea file | |

@ mrormation

Carefully follow each step of the conversion dialog.

- Choose your source file, which can reside anywhere on your disk.

| e
Kind of data [imported
AIB Change file name |
) New ‘ Open
| @ |
Plesse choase the source fie
‘ 7] cose ‘

- Choose an existing site or create a new site to link the resulting .MET file to the correct coordinates.
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- Give a significant name to the internal file to be created. This will identify the file in the meteo or
measured data list boxes. Please carefully choose this title since you will not be able to change it
after conversion.

- Choose an existing or create a new format file that will tell how PVsyst must read the file.

- In some cases (depending on the format file), the program will still ask for the beginning date or the
year.

This list is not exhaustive, for detailed instructions please refer to the online help of PVsyst. When
you are ready, press the "Start Conversion" button.

During execution, a control executing window displays the contents of the source-file's line currently
being processed, as well as the converted meteo values, which will be transcribed on the internal
destination-file. After conversion, you are advised to check your file with the "Tables and Graphs"
tool (either for meteo or for measured data files), and carefully check the time shift of your data.

Detailed example of importing a custom file

For this example, we will use the file “METEO_PVsyst_Standard_Geneva_GPl.csv” which can be
found in the PVsyst workspace under “Templates” (if missing, “Manage” your workspace and press
“Reload templates”). The file contains meteorological data for the year 2006 in hourly steps for
Geneva in Switzerland. There are several quantities stored in this file, among which there is the
ambient temperature and the Global irradiance measured on a plane with a tilt of 30°. These two are
the values we will use in the present example.

After opening “Databases” in the main PVsyst window and selecting “Custom file”, you will get the
“Conversion of custom (sub-) hourly meteo files” dialog, which is divided into four fields:

Data Source

Hourly file to be created
Conversion

Info — Warning

We will go through the first three of them in detail. The “Info — Warning” field will give you
information and hints to guide you through the different steps that are required for the successful
importing of the data.

Data Source

When you import meteorological data, you will take an existing text file with the data and create a
new file in the PVsyst format with hourly meteorological values. This file will be of type *.MET and it
will be associated to the site that you select in “Data Source”. You can have several files with hourly
values associated to the same site. Make sure that you have already created the site to which you
want to attach the *.MET file that will be created. In the dialog click on “Choose”. A file selection
dialog will pop up where you can search for the data file. The default filter will display files of type

* DAT, *.TXT and *.CSV.
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® Conversion of custom (subJhourly meteo fles

Data source

Custom fle | po— |
C:\Tuto\PVsyst7.0_Data\Meteo\=.* .

Situation l ‘ ‘ l
oty e 7] st [Goiseamer = 9 rev g o=

Internal file to be created

Site [Grand Saconnex Source [Qustom fle Kind of data [Imported

Internal e - Fie name ‘Grand-Saconnex_Custom_Imported.MET | AJB change fie nane ‘

= | Conversion (7]

Conversion format for New Conversion format for dustom meteo fie N | ) tew ‘

@ rwformation

Once you have selected the file you specify a site for this data. To select the site you first select a
country or region to narrow down the choices in the “Site” drop down list.

Data source

Custom file ‘
C:\Tuto\PVsyst7.0_Data\Meteo\*.*

100
v M oy
| Country Shitzerland ] Site | Grand-Saconnex ~| Q = || Q Open |

G |

Next you give a small description of the data that will be attached to the output file. This information
will be displayed in PVsyst in dialogs or reports as description of the Meteo file (*.MET file). You have
three fields for which PVsyst proposes default values and that you can complete or change to any

text you want. It is recommended to give short descriptions, so that they will fit into the dialog fields.

site Grand-Saconnex Source |Demo Conversion of custom Kind of data |Imported

Internal file - File name Grand-Saconnex_Custom_Imported. MET AJ_B Change fle name

The three fields are:

Site: The default will be the site name chosen in “Data Source”, but
you can change or complete the name in this field.
Source: Here you should put a short label describing from where the

data has been retrieved, e.g. the source filename, or “Measured
on site”, or “Provided by Meteo Inc.”, etc.

Year/kind: Default is “imported”. Give a short label with the year for which
this data is valid, and if it is hourly, daily or even sub-hourly data.
Try not to exceed the visible width of the field, so you can read
this label easily in other PVsyst dialogs.

You can specify the output filename. PVsyst proposes a filename generated from the site name in the
“Data Source” field. If your source file contains several data sets for the same site, like for different
years or measurements in the horizontal and tilted plane, you are advised to change the output
filename to something that will identify which portion of the data is being imported.
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Define the data format

You need to tell PVsyst what kind of data will be imported from the text file, and where to find the
data fields in the file. This information will be stored in an internal PVsyst file of type *.MEF, stored in
\Meteo\. You can create as many of these format protocol files as you like.

= Conversion 7]

Conversion format for New Conversion format for custom meteo file ] T ven ‘

The dialog “Conversion of custom (sub) hourly meteo files — definition of the import format file” will
pop up. It contains a field “Format description” where you must give a name that will identify this
format protocol. The dialog contains four different tabs, “General”, “Date Format”, “Meteo
Variables” and “Chaining files”. We will look in detail at the first three tabs. The last tab, “Chaining
files”, is needed if your data is distributed among several files and will not be described in this
example. The lower part of the dialog gives a visual feedback on how the format file that is being
defined will apply to the content of the data source file. Here you can quickly check if the different
values have been selected properly or if there are problems with the format definition.

[ Conversion of custom (sub-)hourly meteo files - definition of the impart format file

Pl define th ber of header li to be skipped.
Description |MEI'EO_PVsyst_Standard_GenevajPI I SRRl D SIS LR LR s

File name =.MEF

General | Date  Varisbles Chaining Variables Description Fieldno  Mult. Unit information

—Source file organizator

@® Hourly(Sub-hourly) Time step |60 Minutes
Daily
Mumber of head lines to be skipped 0
—Sample file eparator

@ ; semicolon

Choos , Comma

Space

TAB

Other :
Fixed width

The source file must hold one record per time step (per line)

AoD Ae

—Custom source file : C:\PVsyst\PVsyst7.0_Data\Templates\METEO_PVsyst_Standard_Geneva_GPLcs
1 2 3 4 5 €

1:| #Meteo hourly datal

z:fThis file is an ex

3:f¢ Importation of M

4:[¢The plane tilt an:

51 #5ite| Geneval
€] #Country| Switzerlan:
7 #Data SourcelTE transpos|
] #Time ste Hour|
9 #¥ear 2004
0 #Latitude 4€.21
1 #Longitude| €.78

e

¢ cancel oK

Tab “General”

For the example file, which contains hourly data, you can leave the default selection “(Sub)-hourly
data” with a time step of 60 min. The demo file also uses the default separator, which is a semicolon.
In the lower part of the window you can check that the columns containing the data start on line 20
of the file. In the field “Number of head lines to be skipped” you enter therefore 19. In the bottom
display the background of the skipped lines will now turn yellow and you can check that the first line
with white background is also the first line containing data.
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rersion of custom (sub-Jhourly meteo files - definition of the import format file

| Please choose the meteo variables to be recorded from the source file.

Description |MEI'EO_Plu'syst_standard_Genava_GPI.csv
File name [=.meF ]
General | Date  Variables  Chaining Variables Description Fildno  Muit. @ Unit(@ information
- Date Reference year (1jan - 3...
@ Hourly(Sub-hourly) Time step Minutes = Meteo data
: ~[J GlobHor  Global horizontal irradiation
Number of head lines to be skipped -] DiffHor Horizental diffuse irradiation

[) BeamHor Horizontal beam irradiation

ample file————————— eparator ..[] DNIMeas Measured beam normal (D...
S — @ ; semicolon
‘ [ Choose ‘ O comma () GPPMeas  Measured global on plane
O space -] T_Amb  Tamb.
o]
Q
Q

TAB <[] TArrMes Measured module temper...

Other : D [ windvel  Wind velocty
Fixed width

-] PrecWat Precipitable water column

~-[J ReHum  Relative humidity

The source file must hold one record per time step (per line)
[ Linke Linke coeffident

-] AcD Aerosol optical depth
=
ﬁstnm source file : C:\PVsyst\PVsyst7.0_Data\Templates\METEO_PVsyst_Standard_GeMyva_GPLcs:
1 2 3 4 5 € 7

51 g¥ea: 2004|
10| #Latitude| 4€ . 21|
11| $Longitude| €.78|
12 #Rltitude 420|
13 $Time Zone| 1
14 #Plane tilt| 30|
15:| #Plane Azimus o
1¢ Year Montl =3
17|
13- 2004| 1 of
15| 2004| 1 of

x Cancel OK

Tab “Date Format”

In this tab you specify how to read the time of your file. If possible, it is always better to select “Dates
read on the file” to read the time, the other options “Reference year” and “Sequential dates” are
very sensitive: any missing line of data introduces a time shift for all remaining lines of data. For our
example you need to select “Dates read on the file” and choose the adequate format from the drop-
down list “Date format”. In this case it is “DD/MM/(YY) / hh / mm”, which means that the date is
ordered as Day/Month/Year hour / minute and that date and time are not in separate columns. The
slashes are wildcards and represent any non-numeric character except for the column separators.
Then on the right, in the column “Field no” you specify the column where the timestamp can be
found, which is “1” in our example. In the bottom part of the dialog you will see a green header for
the specified column. Finally, you need to specify how the time label is related to the measurements.
In our example the time labels correspond to the end of the measurement.
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Time Labels

In PVsyst any hourly value with a time stamp should be representative for the
hour that follows the moment given by the time stamp. Thus, if for example the
irradiance is measured and averaged over an hour, and then labelled with a

timestamp corresponding to the end or middle of this interval, this will lead to a
time shift.

measured
Gh=1103
W/m2
t t } t t
10:00 11:00 .. 12;00 13:00 14:00
i : ; other possible Pvsyst
Pvsyst - ! time labels time shift
time label o : -60 min.
11:00 ! -30 min.
- -20 min.

® Conversion of custom (sub-Jhourly meteo files - definition of the import format file

Please choose the meteo variables to be recorded from the source file.
Description IMEFEO_PVsy'st_Standard_Genava_GFI.csv |
File: name: I‘.MEF |
General | Date | Variables | Chaining variables Description Fieldno  Mult. @ unit @) information
ate typs B Date Dates read on the file - Ye... Co
O Reference year (1jan - 31 dec, not leap year) H
Lo Year 1}
d on the file) i
Dates read on the file i Month 2
—Date format- Day 3
|Year | Month | Day | Hour | Minute vl i i Hour 4
*[" = any non numeric character, *|" = separator 0 " Minute 5
=3
[ rime b ecord time labet Meteo data
® Legal Time O Interval beginning® Interval end [ GlobHor  Global horizontal irradiation
T aylight saving time -] DiffHor  Horizontal diffuse irradiation
O solar Tme @D O use summer winter time changes ~[] BeamHor Horizontal beam irradiation
—Time shift—— [ DMIMeas Measured beam normal (D. ..
5 ©)| 5 1f the dates are not
D . Hours sequencial {missing -] GlPMeas  Measured global on plane
= measurements), they have to 0] T Amb  Tamb,
D v Minutes be read on the file. O 7 A amo
-] TArMes Measured module temper... v
—Custom PVsyst_Standard_Geneva_GPLcs
Year 1| Honth :\ Day u\ Hour 4| Minute:| 8 7 ~
EH
10: glaticude| 4621
11: #Longitude) €.73
12: $Altitudel 220
13: #Time Zone 1
14: #Plane tily 20
15:| $Plane Azimuth| 0
16: Year| Hontl Da:
17
18: 2004 1 1
1s: 2004 1 1 v
< ) >

Cancel OK
®

“Variables” selection

For the example you need to select “Global on tilted plane” and “Ambient temperature” in the right
list. For each selected variable, the column for “Field no” in which the variable can be found in the
file must be filled. In our example these are the columns 3 for the Irradiance and 4 for the
temperature. The default units for these variables are W/m2 and °C respectively. If the data comes in
different units you have the possibility to specify a factor which will be multiplied to the values. In
our example file the units correspond to the default values and we can leave 1.000 as factor. Once
you have specified a field number for a variable you will see that the corresponding column in the

bottom part of the dialog gets a green header with the variable name. This allows to quickly control if
the supplied values are correct.
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Tab “Variables”

Since the measurements are for an inclined plane, you must specify tilt and azimuth of the plane in
the “Variables” tab. In the field “Plane orientation” enter 30° for the tilt and leave the azimuth at
zero (south). Note that this field will only be present if a variable for an inclined plane has been
selected in the right part of the dialog.

* Conversion of custom (sub-Jhourly meteo files - definition of the import format file

Description |METEQ_PVsyst_Standard_Geneva_GPI.csv ]
File name IMEI'EU_PVsyst_Standard_Genava_GPI.MEF |
General Date | Variables | Chaining Variables Description Fieldno  Mult. @)  Unit @ information
—Irradiance measured n———————————————— e Minute 5 =
® Power (2.0, W/m?) El- Meteo data
© Energy (e.g. Whfm2, klfm3) [ GlobHor  Global horizontal irradiation
[ DiffHor Horizontal diffuse irradiation

~+[_] BeamHor Horizontal beam irradiation

=
Pl . " GlPMeas  Measured global on plane | [ ‘ 1.000 | Wjm2 ‘ ‘
@ Panefmo ] S @ T_Amb  Tamb. [ [[1o00|[= | |
Plane azw'n 4 e =
[ windvel  wind velodty

-] PrecWat Predpitable water column
~-[J RelHum  Relative humidity
[ Linke Linke coefficent

-] AcD Aerosol optical depth =
—Custom source file : C:\PVsyst\PVsyst7.0_Data\Templates\METEQO_PVsyst_Standard_Geneva_GPLcs

Year 1| HSnenz| BEY 5| Hour 4| Hinuces|ciSieds | TlmH - A
ER #Yea: 2004
10: $latitude 4€.21
11: #Longitude  €.78
12: #Altitude 420
13: #Time Zonel 1
14: $Plane tilt] 30|
15:| ¢Plane Azimut o
1e: Year Mont Hour| Minuts S5
17
18: 2004 1 1 0|
1a: 2004 1 2 20| 0l v

<l >

M cancel | ‘ W o

When all the specifications of the format file have been entered, define a proper description and file
name then click on “OK” and you will be asked to save the newly defined format file. You can change

a last time the filename before clicking on “Save”. If a file with the same name already exists, you will
be asked to confirm to overwrite it.

Saving Saving The conversion format for custom meteo file as

Description

[METEC_PVsyst_Standard_Geneva_GPL.csv |

File name

[METEC_PVsyst_Standard_Geneva_GPI |

Directory Cr\PVsyst\PVsyst7.0_Data\Meteo
emo_import_POA.MEF

‘ K o H [T |

After successfully saving the format file you will get back to the dialog «Conversion of custom meteo
(sub)-hourly files». You can now click on « Start Conversion » to import the data from the custom file.
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Data source

Custom file | l: , |
.~ Choose

C:\PVsyst\PVsyst7.0_Data\Templates\METEQO_PVsyst_Standard_Geneva_GPLcsv

Situation

0
Country All countries ~ Site |Geneva \/| [ Q Hew | ’ it |
Internal file to be created

site Source [Custom fie ] Kind of data
Internal file - File name Geneva_Custom_Imported.MET [ AIB Change file name |

=+ | Conversion

%:Ionvarswon format for custom meteo IMEFED_PVsyst_Slandard_Geneva_GPI.MEF METEQ_PVsyst_Standard_Geneva_GPI.csv Vl o} Open
e
Beginning Date / Hour 01/01/04 01:30

i,

’ Conversion ° Abart

In the example file the timestamp in the last line of data is already the first hour of the following year
(2007). You will be prompted with a corresponding warning message that you acknowledge by
clicking on “Yes”. When the conversion is finished you will get a prompt where you click on “OK”.

=+ Conversion 9
Conversion format for custom meteo | METEQ_PVsyst_Standard_Geneva_GPLMEF  METEQ_PVsyst_Standard_Geneva_GPLcsv VI [ o Mew | [ CL Open |
file:

Beginning Date / Hour 01/01/04 01:30 [ } Conversion | [ ° Abort |

o Conversion information

Line number 8790
ine content-
2004
onverted value
Interval beginning 31/12/04 12ho0
Horiz, Global 144 [W/m?]  Horiz, Diffuse 137 [W/m3]
T amb. 34 []

The conversion is now finished, you should carefully check if the result does not contain any obvious
error or inconsistency. A prompt asking if you want to open the dialog for visualizing the
meteorological data will pop up. Click on “Yes” to open the dialog.
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Check the imported data

® Meteo tables and graphs

Meteo File 7]
| 1]
Source |Demo Conversion of custom Kind f year Imported
jical site inch
V Site name | Grand-Saconnex Country |Switzerland
latitude  46.2319°N  longitude 6.1209°E Altude  444m Time zone 1.0 (7] | = Expart meteo site H C, Open meteo site
Data characteristics 7] Q Data display and verification
= Graphs Tables '€ Check data quality
Beginning date  01/01/06 00h0Q Legal Time variabl
End date 31/12/08 23h00 Horiz. Global Ambient Temper.
Horiz, Diffuse '
Horiz. Beam
Source file 7] Normal Beam
Name C:\UsersY azare\Desktop\PEMO_Import_Geneva_POA.csv Measured global on plane
Format Demo_import_POA,MEF Global tited plane
Date type sequential dates Clearness Index Kt
Time reference Legal Time
Time step 1 hour
—Graph type Val iati it
® Time based @ Hourly Wijm? B
Histogram Daily
Sorted values Monthly
Used Coll. plane Global
parameters in N -
s it 30°, azim. 0°, Albedo 0.2 _Graphd
Diffuse from model @ Days 1 From 01/01/2006
Ambient Temper, 3
Month Jan o 31/12/2006 | bshuw graph
| 1 pekete ‘ ‘ g Print | ‘ 7] ciose ‘

You should always perform some basic checks on the meteorological data that you want to use for a
simulation of a PV installation. PVsyst offers a variety of tools to do this in the dialog “Meteo tables
and graphs” that will pop up when you select “Yes” in the final prompt after importing a custom file as
described in the previous paragraph.

In the upper part of the dialog you will find the two fields “Source” and “Kind/Year” that you filled
when creating the file. Below them there is detailed information on the site to which this meteo file
has been associated. On the left side you will see the time range covered by the data and some of
the details of the original file from which the data was imported and that you defined in the format
file. The right side of the dialog contains the options to visualize the meteorological data and is
subdivided into three tabs. Select the tab “Check data quality”. The tab contains a small control plot
displaying the time shift that PVsyst estimates for the imported data. In the current example it
should be close to zero.

There are two more ways to visualize a possible time shift contained in the data. The first one is to
look at the clearness index for morning and afternoon hours. The orange dots show the clearness
index as a function of the sun height in the morning, while the green dots show the same information
for times after 12:00. Both colors should follow roughly the same distribution.

The second possibility is to compare the daily evolution of the measured irradiation (global and
diffuse) to the clear sky model. If you press on the button “Monthly best clear days”, you will get a
plot like the one shown below on the right side. PVsyst selects for each month of the year the day
that fits best to the clear sky model. You can scroll through these 12 plots with the scrollbar on the
right. You should see no significant horizontal shift between the measured data in black and the clear
sky model in blue.
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® Cearness Index for moming and afternoon hours

Close Print Export Format Help Close Print Export Format Previousday Nextday Clear Sky Model Help

Clearness Index for morning and afternoon hours Time shift meteo for Grand-Saconnex - Data recorded from 01/01/06 to 31/12/06
Grand correction =
1 T T 0'\ 1000 = T T T T T -
Morning - Global horizontal irradiation, sum =#.6 [KVh/mF]
0ol = Afenoon . 4 Horizontal diffuse irradiation, sum =1.3 [oWh/m]
Clear day, June —— Global horizontal iradiationclear sky, sum =4.8 [him]
p.8} = Clear day, Degember i B0n | --- - Horizontal diffuse iradiationclear sky, sum =1.2 [i¥hin] i
- -
z PR I
o el

o7} ’f o M i
= o8l E = | 4
i H
3 Ush R B
H H
g
2o 1 E o 1

03l E

02f e 200 4

01 4

o R L LA L L R . =

0 70 o 3 8 B 12 15 18 2 2
Sun height [ 14103106

The third control plot “Best clear days Ktcs” displays the sorted Ktcs of all days of the year. The Ktcs is
the clearness index referenced to the clear day model (not to the extraterrestrial). This graph gives
an idea of the calibration of the irradiance sensor: the best days of the data should be close (within
5%) of the clear sky model, i.e. Ktcs=1.
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Part 4: Components Management

1- PV Modules definition in Pvsyst

PV modules

We will analyse the PV module's definitions in PVsyst (PAN files) by defining a new module from the
datasheet.

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.

Defining a PV modules from Datasheets

All datasheets hold about the same information. The first page gives general features (usually rather
"promotional"). The second page gives the technical specifications.

When opening a New PV module, we have to define the "basic data":

e The Model,

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

e The data source (and possibly date of recording)

e 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

Sizes and Technology Model parameters  Additional Data Commercial  Graphs

Mode! Mono 325 Wp 60 cells Manufacturer |Generic
File name Generic_Mono_325W.PAN Data source |Typical
d Custom parameters definition Prod. Since 2015

Then you define the main properties ("Manufacturer Specifications") of the module:

SlzesandTechnolugv Model parameters  Additional Data  Commerdal = Graphs

Mode! Mona 325 Wp &0 cells Manufacturer |Generic
——
File name Generic_Mona_325W.PAN Data source |Typical
d Custom parameters definition Prod. Since .
Nom. Power 325.0 |Wp  Tol -+ 0.0 ||20 | %

(atsTC)
Technology Si-mono |

—Manufacturer specifications or other il

Reference conditions GRef |1000 | W/m=? TRef |25 °C ©
Short-circuit current Isc |10.300| A Open circuit Voc [41.40 |V
Max Power Point Impp |9.560 | A Vmpp |34.00 |V
y o
Temperature coefficient mulsc |4.3 ma/°C Nb cells 60 in series
or mulsc (0.042 | %/°C
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From the 2™ 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 «Pmpp range from ... to".
e The technology: here Poly-crystalline (as mentioned elsewhere on the datasheet).
e The STCvalues Impp, Vmpp, Isc, Voc.

NB: The product Vmpp * Impp should match the PNom (nameplate) within 0.2%.
Otherwise: change the Imp value to PNom / Vmp.

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 voltage Nominal current Short circuit current Open circuit voltage ~ Module conversion
Pmpp Umpp Impp Isc Uoc efficiency
AC-240P/156-603 240 Wp 3054V 7.87A 8.48 A 37.26V 14.75 %
AC-245P/156-605 245 Wp 3091V 7.93A 8.57A 3746V 15.06 %
AC-250P/156-603 250 Wp 3145V 198 A 865 A 3790V 1537 %
[ AC-255P/156-605 255 Wp 31.56 V 8.10A 8.70 A 38.20V 15.67 % ]

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.

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

This information is not well standardized; we don't use it in PVsyst.

Next page of the PV module dialog to be filled: "Sizes and technology"

Basicdeffa | Sizes and Technology | Mlodel parameters ~ Additional Data Commercial Graphs

- 1 i Array Volta
Descripti ! g
escription Generic, Mono 325 Wo 60 cells Absolute maximum voltage of the Array in any
Modila Il conditions (i.e. Voc at lowest possible ambient
temperature).

Length 1640 mm | | In series 60 Maximum voltage IEC 1000 | V
Width 992 | mm | | In parallel 1 Maximum voltage UL (US) 600 |V
Thickness mm Cell area cm?

50.0 237.0 iy pass protection diod
Weight 19.80 | kg Total nb. cells 60 Mb. of submodules 3 Jmodule
Module area 1.627 m? Cells area 1.422 m* (i.e. functional by-pass diodes)

Definition of Module's sizes is mandatory: it is used for the determination of Submodule partition:

the “usual” efficency.. Inlength T half cels
Cels ares s Facultatves i efined it lows fo the defnton of the ffcency In width Shingled cells
st cel level..

Tile module
—Module technology and specifiti

CPV: Concentrating module
Frame: Aluminium .
Structure: 3.2 mm tempered Bifacial module
Connections: MC-4

Generic module for DEMO

88



Usually you will find all these informations on the datasheet:

Design
Frontside
Cells
Backside
Frame

Mechanical data

LxWxH
Weight

Power connection
Socket

Wire

Plug-in system

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 anodized 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 1000 VDC (UL) 1000 VDC (IEC)

NOCT (nominal operating cell temperature)® 45°C +-2K
Max. load-carrying capacity 113 PSF
Reverse current feed IR 15.0A

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

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

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.
e Cells size: if defined, the cell's area may be used for defining the efficiency at cell level.

Usual values: Poly 6" = 15.6 cm x 15.6 cm = 243.3 cm?, Mono: idem - 6 cm2 = 237.3 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.
e You can add some informative features in the "Remarks» (5 lines of free text).

Third page: "Model parameters», page «Rshunt - Rserie"

On this page you should let the Rserie and Rshunt at their default value (checkboxes).

Sometimes you will have to check them several times.

ic. Mono 325 Wp 60 cells

Rshunt - Rserie Ishunt expon. Temper. coeff.

Defaulc
Rsh [220 | Ohm

Rs [0.297 | ohm

Shunt resistance
Series res. (model)
Max. series res. for the model 0328 0
dv/dl 0.46 2

IoRef 0.059 nA
Gamma  1.04 - 0.001/K
muVoc-152.6 mv/=C

Series res. (apparent)
Diode satur. current
Diode quality factor
Voltage temp. coeff.

The 1/V characteristics has to pass through the
three given points Isc, Mpp and Voc.

Diode saturation current, guality factor and Voltage
‘temperature coefficient are determined by this
requirement.

Cument. 4]

Model through given Isc, Mpp, Voc

RSmin = 0.000 0
|- Rseris = 0207 0
~—— RSmax =0.3280

0 L 1

Incident Irrad. = 1000 Wim?, Cells temp. = 25 °C
T T T T

Rsh=2200

0 10 20

30 40 50
Vokage [V]

Pl

h
@ IV arve

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 coefficient in only used during the sizing (safety low-temperature
condition), it is not involved in the simulation.

Third page: "Model parameters», page «Rshunt exponential”

In absence of really measured values, let the parameters at their default value.
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Third page: "Model parameters», page «Temperature coefficient"

Description  Generic, Mono 325 Wp 60 cells

Rshunt -Rserie  RShunt expon. | Temper, coeff,

muPHMax and muVco Temperature Voltages & Power f{Temp.)

coefficient settin
y @ 45 T T T T T 360

Temperature correction on Gamma

1340
,,,,,,,,,,,,,,, Pref-324.3 e

320

Apply the correction Default awl

Pmpp temper, coeff -0.450 YfoC
(atsTC) 300

=3 Gamma temp. coeff = -0.127 3%/°C

Mas. povrar [W]

Voltags [V]

muPmax and muVoc Temperature coefficients are
output parameters of the standard one-diode model,
which are dependent on the Gamma chaice.

This tool allows for modifying the Gamma parameter J220
according to temperature, in order to get any desired 20 Voo | -152.7 mVIK (-0.37 %/K)
muPmpp value spedified by the manufacturer. Wmpp: ~149.0 mV/K (-0.44 %K) 1200
Pmpp: -1424.9 MWK (-0.44 %/K)
! I I !

15 L
10 20

3 0 S0 60 70
?.wdule?emp rcl

You define here the Pmpp temperature coefficient, as specified on the datasheet:

Temperature coefficients

Voltage Uoc -0.33 %/K
Current Isc 0.06 %/K
Output Pmpp -0.44 %/K

This is a fundamental parameter for the simulation. PVsyst slighty modifies the normal One-diode
model for getting the exact specified value.

NB: The Current Isc temperature coefficient has been specified on the first page.

The Voltage Uoc temp. 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 it in the project's parameters.

"Graphs" page:

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, Mono 325 Wp 60 cells

20

W |

)
:
2 1ol e ]
B — Celstemp. = 10°C Relative efficiency
— Celstemp. =2E:C with respect to STC
— Celis temp. = 40°C 1000 Win?, effic. = 20.00 %
—— Cells temp. = 55°C
sL —— celstemp. =70°C 800 Wime, +0.3 % -

800 WP, +0.2 %
400 Wine, -0.6 %
200 Win?, -3.0 %

a L I L
0 200 400 500 200 1000

Incident global [Wim?]
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"Additional Data" page:

e "Secondary parameters": sometimes useful parameter,

e "IAM": 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.

Don't mind unless special requirements.
"Commercial"page:

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:

e Allows to modify the parameters and immediately see the effect on the behaviour of the
module.

"Copy to table" button:
e Exports the PAN file definitions as one line to an EXCEL document

(see the template in c:\Program files (x86)\PVsyst6.x.x\PVsyst660_Data\UserData\Components.XLS).
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2- Inverter definition in Pvsyst

Inverter definition in PVsyst

Grid inverter

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

datasheet.

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.

Defining an inverter from Datasheets

Most of the datasheets are rather similar. The first page gives general features, and the second page

gives the technical specifications.

When opening a new inverter, we have to define the "basic data" (exactly like for a PV module):

e The Model,

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

e The data source (and possibly date of recording)

e 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. OND

fficiency curve  Additional parameters Output parameters  Sizes and Technology Commerdal data

Model 7.5 kWac inverter
File name Generic_7_SkW.0ND

d Custom parameters definition

Manufacturer |Generic

Data source |Generic device

Prod, Since 2020

Then we have to find/identify the main parameters on the datasheet

—Input side (DC PV field)

Minimum MPP Voltage
Min. Voltage for PNom
Maximum current per MPPT
Mominal MPP Valtage
Maximum MPP Voltage

Absolute max. PV Voltage

Power Threshold

Contractual spedfications, without
real physical meaning

MNominal PV Power
Maximum PV Power

Maximum PV Current

150
NJA
N/A
450
750
900

60.00

<

.00

10,00

38.00

Default

"Ue

kw
kw
A

Required

—Output side (AC grid)

requency

® Monophased

Triphased 50 Hz

Biphased 60 Hz
Grid Voltage 230 v
Nominal AC Power 7.50 kVA
Mandmum AC Power 3.00 kia
Mominal AC current 18.00 A
Maimum AC current 20.00 A

—Efficiency

Maximum efficiency
EURO efficiency

98.50%
98.00%

Efficiency defined for 3 voltages
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Input side: mainly concerns voltage conditions:

] Sunny Tripower | Sunny Tri Eunny Tri Sunny Tri
Tochnieal deda 1 ;goo'rtus 15"3’001[115 ao’gocrr[.us ugoo'r[.us
Input (DC)

Max. usable DC power (@ cos ¢ = 1] 12250 W 15300 W 20400 W 24500 W
Max. DC volioge* 1000V 1000V 1000V 1000V
Rated MPPT voltage range 300V...800 V 300V...800V 380'V...600 V 450,800 V
MPFT operaiing voliage range 150 V...1000V 150V...1000 V 150'V...1000 V 150V...1000V
Min. DC voltage / start voliage 150V /188 150V / 188V 150V / 188V 150/ 188V
HMumber of MPP tracker inputs 2 2 2 2

Max. input current / per MPP racker input 6 A/33A w b6 A/ 33A S6A/33A

e "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 not involved 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.

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

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

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

e "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).
In this case they prevent simulating the system.

e "Maximum PV current» is sometimes specified (ISC of the array)), but not used in PVsyst.

Output side: grid-connexion conditions

Qutput (AC]

AC nominal power 12000 W 15000W 20000 W 24000 W
Max. AC apparent power 12000 VA 15000 VA, 20000 VA 24000 VA
Output phases / line connecfions 3/ 3NPE

Mominal AC voliage 4B0 / 277V WYE

AC voltage range 244V, 305V

Rated AC grid frequency 60 Hz

AC grid frequency / range 50 Hz, 60 Hz / 6 Hz...+5 Hz

Max. output current 1444 18A 244 294
Power factor of rated power / adjustable displacement 1/ 0.8 leading...0.8 lagging

Harmaonics <3%

Efficiency

Max. efficiency FE2Z% 982 % 98.5% 985%
CEC efficiency 97.5% 97.5% 97.5% 98.0%

e "Frequency": Here "Rated AC grid frequency" is 60Hz (for US market); we don't
understand well what is meant by "AC grid frequency range".

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

e  "Maximum AC Power": 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.
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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.

"Efficiency curve" page

As we don't have the description of a full curve, we define the efficiency profile according to the
datasheet:

e Max efficiency =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

—Input voltag A ic profil —Valuegg———
[ Builds profile from i PIn {DC) Effidency [%)]
The effidency profile given here M i
is not input-voltage sensitive. ax. emaency 98.50 | % Thresh. [0.080 0,00
® EURO effidienc:
i 98.00 | % Y 0.225 |[87.18
CEC efficiency
0,375 92,27
—Display mod Unil
0.750 96.04
@ Effidency=f (P In) Show behaviour at (50 < @ w
1.500 97.82
Efficiency= f {P Out) and CosPhi= |1.00
W 2.250 98.31
P Out=f(PIn) =2 Effective PNom limit  7.50 kW' @w
4. 500 98.50
7.500 98.16
120 T T T
= T°C =50°C, CosPhi=1.00
DO - - o g e et ettt < 4
- ] ‘ ) Insert ‘ ‘ 3 Delete
= e —
S v Validatz
z 80 ,
=40 E
20 ,
0 L L L !
0 2 4 6 8 10 Res, factor 3.0
g
P in (DC) k] Pthresheff. 20w (&}

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.

"Additional parameters" page
This gives miscellaneous information, that you have to gather on the Datasheets.

Among this 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 tranformerless inverter with amorphous modules.

Main parameters  Efficiency curvlf | Additional parameters | Butput parameters  Sizes and Technology  Commercial data
Desciption  Generic, 7.5 kWac inverter

v paramet
—Multi - MPPT- — —Inverter night consumption
Multi MPPT capability Mot specified Night consumption 0.0 w
Transformerless
Humber of MPFT inputs |2 @
Transfo (not spec)
LF transfo
Unbalanced MPPT s Fansandawdiaries  [0.00 | kw
HF transfo
... from output power 0.0 | kw
[—"String"” invert —Master / Sk —Other
With securities on inputs @® Mo M/5 capability Number of DC inputs 5
- 1 Master

Slave | Y N N
1sol, monitorin

Master / Slave - 9 @
DC s

Internal M/S ]
AC switch ®
AC disconnect adjust ®
ENS ®




"Output parameters" page

Power factor: Specifies the capabilities of this inverter for producing reactive energy.
Producing reactive energy (Phase shift) may be a requirement of the grid manager.

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

e "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].

In practice, this is most often applied to the Apparent power, as this corresponds to an output
current limitation.

Main parameters Effidency curve  Additional parametersll Output parameters BSizes and Technology = Commerdal data

Desaiption Generic, 7.5 kWac inverter

—Power fact:

AC Power f{i )

[ Allows power factor spedfication © | | vom Acromer 7.5 KVA wio 50 |
Tan (phi) min [0.395 |  Cos (ohi) min [0.930 [ Allows overpower

Tan (phi) max |0.395 Cos (phi) max |0.930

Max. AC Power 8.0 kVA at (25 |
inal AC Power definiti (8 righ temperature limitation
® Apparent power [kVA] power limit #1 6.9 kwac at [60 °C
wer ki
Actve Foer [1] Pawer limit abs. 40 |kwae at[m | =

—Temperature evaluation for limits———

In the simulation, by default the inverter 10
temperature is the external ambient
temperature {outdoor installation).

This strategy can be modified in the project
area, Misceleanous Tools™ (Inverter
Temperature tah)

Power KV A]

Temperature [°C]

Max. AC power f(Temperature)

Many inverters specify a "PNom" value, and a «PMax value”, which represents a power attainable
when the temperature is not too high.

o "Allows overpower" specifies if this is implemented for this inverter.
The involved PMax is specified on the "Main parameters" page.
If not defined or equal to the PNom value, this option is disabled.
e "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" page

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

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

"Commercial" page

Identical to the corresponding page for PV module
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