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Introduction

PVsystis a comprehensive software tool designed for the simulation and analysis of
photovoltaic systems. It enables users to design and optimize solar energy projects by
providing detailed evaluations of system performance, energy yield, and financial
viability.

With PVsyst, users can model various types of PV installations using site-specific
meteorological data and component specifications, while taking into account factors
such as shading effects, battery storage, grid unavailability, and module degradation.

This document can be considered as a user manual, intended to describe the different windows
and functionalities of the software. The complete reference manual for PVsyst is available
through the online help, accessible from within the program via the “Help” menu, by pressing the
F1 key, or by clicking on the help icons in the various windows 9 and dialogs.
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1 PVsyst Main page

At the first main page you have an overview of the different main components in the software,
such as the Project design and Simulation, Utilities, Documentation as well as your recent

projects and your workspace.

t 8.1.4 - LICENSED

| File Preliminary design  Project  Settings Language License Help

#wPVsSyYsST Project design and simulation

PHOTOVOLTAIC
SOFTWARE

i B T

Grid-Connected Standalone Pumping
Recent projects 13 Utilities
Databases
Tools
) Documentation 7
Measured Data

© tepFo Q@ rag.

[~ User workspace

B video tutorials [ PDF tutorials
The contextual Help is available within the whole software by typing [F1].
There are also many questionmark buttons for more specific information. QQ\ Manage Tl Switch
‘ | Exit
& PVSYST .
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1.1 Project design and Simulation

Project design and simulation constitute the core functionality of the software. They are used for
the complete study of a project. This includes:

e selection of meteorological data,
e system design,

e shading analysis,

e |oss evaluation,

e andeconomic assessment.

The simulation is performed over a full year, providing a detailed report and humerous numerical
results.

In the Project Design and Simulation section,

#~ \

@ PVSYST

PHOTOVOLTAIS
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Project design and simulation

Grid-Connected Standalone Pumping

S - N N

L8 4

PVsyst allows users to create and simulate three types of systems:

e Grid-connected: used to design systems connected to the utility grid. It is also possible
to define a self-consumption profile and to include battery storage according to various
strategies.

e Stand-alone with batteries: intended for systems not connected to the grid, where
storage is mandatory. Any unused or unstored energy production is curtailed.

e Pumping: used in certain regions to power a solar pump that draws water (from a well
or a lake), which is then stored in an elevated tank for various uses.

The Recent Projects section allows users to quickly access and edit their recent projects.

L !

Recent projects
# DEMO utility project
# Residential DEMO
% DEMO tracking system Annecy
% DEMO commercial system Oakland CA

#PVSYST
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1.2 Utilities

The Utilities section in PVsyst offers a range of tools and functions designed to enhance the
understanding and the precision of your PV system analysis:

L} Utilities

Databases

%

Tools

)
Measured Data

e |In Databases you can find all the sites and components already stored in PVsyst. You
can also generate new sites, import weather data and create new components.

* Databases
‘Weather database 9 @ Components Database 9
Main weather data: Main components:
5 =
Q Notes about weather data C 4
Geographical sites PV modules Batteries
\
Display and compare weather data files: Grid components:
B ‘
Compare weather data L2 |
Weather data tables and graphs Grid inverter
Import and generate weather data Stand-alone components: ‘
=_| [
Import a known format Import a custom file =
Controllers for stand-alone Generators
Pumping components:
Synthetic Data generation TMY generation :D ‘
Pumps Controllers for pumping

Eﬁ Miscellaneous databases

Financial and logistic data:

R | 2|

Manufacturers and Retailers

e Import a custom file: This option, available in the Databases section, opens an
assistant window for importing a CSV weather data file. Once opened, the assistant
appears as shown below:

») ST
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' Weather data import assistant

D 2T
& !A{?‘:’E{I Welcome to the weather data import assistant

SOFTWARE

Click to select a file... | [ Browse ]

’—Weather data sourc

Use legacy import

Please choose the source file.

Mext »

e |n Tools you have some advanced parameters for solar geometry and electrical
optimization instruments.

e |n Measured data it is possible to add measured data and to compare simulations with
measurements.

1.3 Documentation

The Documentation section provides direct access to the PVsyst help, which is the complete
reference manual for the software (also available at www.pvsyst.com/help).

i "y

9 Documentation

&) rebp F1) Q@ raq

B video tutorials E POF tutorials

The contextual Help is available within the whole software by typing [F1].
There are also many guestionmark buttons for more spedfic information.

») ST
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http://www.pvsyst.com/help

Context-sensitive online help is available:
o viathe F1key,
e orviathe question markicons ¥ in the windows and dialog boxes.

This opens the PVsyst help tool, which provides specific articles, detailed explanations, and
step-by-step guides.

In the Settings > Preferences menu, under the Help section, you can modify how the integrated
help is displayed so that it opens directly in your computer’s default web browser. Using your
browser allows you to take advantage of its automatic translation feature, enabling you to view
the help in French (or any other language) from the original English version.

1.4 Toolbar and Workspace

Itis from the Main page that the settings are made for your entire workspace.

I L

User workspace

C:WUsersimus'\Documentsuser manuel V8\Pysystd. 1 _Data

% Manage ‘ Tl Switch ‘

ay -

When files are saved, they are automatically stored in the workspace according to a predefined
folder structure:

e ComposPV for PV components,
e Projects for projects,

o User hourly for accessing hourly results in CSV format.

You will also find ready-to-use templates, for example to define a self-consumption profile.

Main functions accessible from the toolbar:

File Preliminary design  Project  Settings  Language License Help

e File: import/export projects and components.
e Pre-sizing: simple simulation tool for small projects.

e Project: allows you to start a new project. A fourth type of project, not displayed in the
Project Design and Simulation window, is also available: the DC Grid project, intended
for specific use cases such as public transport applications. You can also load a project
from your workspace or open a DEMO project provided by PVsyst, which showcases
various features and use cases.

e Options:includes Preferences, where you can define user information, default units,
and API keys for certain weather data providers. In Advanced Settings, most default
values and thresholds that trigger warning or error messages can be modified.

e Language: allows you to change the interface language (or use the F9 key to toggle
between English and another language).

e License: provides information about your account and activation key.

#PVSYST
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2 Introduction to Simulation in PVsyst

For this first tutorial, we will focus on a grid-connected system, but most of the steps and
information are also applicable to stand-alone and pumping systems.

The workflow in PVsyst is based on working with Projects and Variants.
This also reflects the software’s hierarchy.

‘ Project: contains the general information, including:
o the geographical site of the system,
o thereference meteorological file,
e certain global parameters (albedo, design conditions, etc.).
‘Variant: each variant corresponds to a complete system configuration. It includes:
o the selection and number of PV modules and inverters,
o the geometric layout and possible shading,
o the electrical connections,
e ecohomic scenarios, etc.

Each variant leads to a simulation calculation.

* Project: New.PRI

Project Site Variant User notes

’ Project F e 7 Load 4 sve ® | Inport | m Export 0 Project settings Dekle | g Client i (7]

Project's name New Project | Client name Not defined

Site File

+

(\

[ JN
(]

Weather data File | ] a

Please choose the geographical site.

‘ Variant New e Save Import Delete O Manage (7]
~Results overvi
Variant n°® VCO : New smulation variant
System kind No 3D scene defined, no
shadings
o System Production 0.00 KWhjyr
lain par: ter jon;
" . Spedific production 0.00 KWhKWp/yr
@ Orientation @ Horizon Hourly Sub-hourly Performance Ratio 0.00
Normalized production 0.00 kWh/kWp/day
@ system @ near Shadings [T Array losses 0.00 kWhjlp/day
System losses 0.00 kWhjlp/day
@ Detailed losses @ wodule layout Advanced Simulation Simulation e step 1 Hour
@ self-consumption @ Energy management Bl Report
@ storage @ Economic evaluation Detailed results

Q System overview - exit

2.1 Project definition

By clicking on Grid-connected system on the home page, PVsyst automatically opens the most
recent project. (This default behavior can be modified: Settings > Preferences > Default values
> Automatic project loading.)

In the main toolbar, several actions are available:

#PVSYST
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'l' Mew |__ Load 1 Save mp Impart m Export 0 Project settings Delete i Client

You can:
e startanew project (New),
e load an existing project (Load),
e import or export a project (Import/Export),
e define a Client (to customize the report with company information).

In the Project Settings, you can define global parameters and preferences for the project. Note
the difference between the project settings defined here, which apply only to this specific
project, and the Advanced Settings from the main page, which apply to all projects in your
workspace.

' Project settings

Albedo | Design conditions | Other limitations ~ Preferences

—Site-dependent design parameters

Default
Reference temperatures 0 Lower temperature for Absolute Voltage limit =
for array design with
respect to the inverter Winter operating temperature for VmppMax design @ =C
input voltages
Usual operating temperature under 1000 W m?2 "
Summer operating temperature for VmppMin design =C

—Other design parameters

Array Max. voltage———— -pVoc value Limit overload loss far %
@® IEC {usually 1000 V) ® From one-diode model design
) UL {usually 500 V) () From specification 0

—Transposition Model for this project———————— AC losses power reference
) Hay mode! (robust) 0 ) PNomPY(ac) at 5TC 0
® Perez-Ineichen model (sophisticated) ® PNom {inverters)

—Circumsolar treatment
O Induded in diffuse 0
® Separate treatment

x Cancel / oK

In the Project Settings, you can define, for example, the far albedo, i.e. the albedo surrounding
your site (the albedo under the modules is defined in the System window for bifacial modules).

In the Design Conditions, you can specify, among other things, the minimum temperature
expected at your site in order to trigger a warning related to the absolute voltage limit, as well as
other relevant temperatures used to generate graphs in the sizing tool. (Note that the simulation
itself uses the actual site data; these values are intended to assist in system design.)

The overload loss limit parameter is used to size the inverter based on an acceptable annual
loss, set by default to 3%. Increasing this value allows for greater oversizing of the PV array
relative to the inverter.

In the Other limitations tab, several parameters can be defined related to thresholds used for
shading analysis and for consistency checks between the 3D scene and the system definition.
These settings help ensure the stability and accuracy of the calculations.

») ST
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" Project settings

Albedo  Design conditions | Other limitations | Preferences

—Limits with shading representations

Default
d Discriminating orient. difference between shading planes e

Maximum orient. difference for defining average (spread) orientation 2
Maximum area ratio between 3D Fields and System modules,

x Cancel / OK

Discriminating orientation difference between shading planes

This parameter defines the maximum angular deviation between planes for them to be
considered as having the same orientation. Beyond this tolerance, the planes are treated as
having distinct orientations in the calculations.

Maximum orientation difference for defining average (spread) orientation

This value determines the maximum angular deviation allowed to group several nearby planes
into a single average orientation. If the difference exceeds this threshold, the system is
considered to have multiple orientations (heterogeneous field).

Maximum area ratio between 3D fields and system modules

This parameter controls the consistency between the total module area defined in the System
section and the area represented in the 3D scene. Exceeding this ratio may indicate a modeling
inconsistency (e.g., widely spaced modules or incorrect geometry).

In most cases, the default values are appropriate and do not need to be modified, except for
specific configurations or complex geometries.

In the Preferences tab, you can define the radius within which the program searches for
meteorological data files around the project site. It is recommended to keep this value low to
prioritize data representative of local conditions, and to increase it only if no nearby data is
available.

») ST
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¥ Project settings

Albedo  Design conditions  Other limitations | Preferences

~Interface preferences

Default
Project site - Meteo default maximum search area km

x Cancel

" ox

In the Project section, you must first define the project name, select the site, and assign a
meteorological data file. The site file contains the coordinates of your project, which are used to
calculate the sun’s position for each hour of the year. The created site file also includes monthly
meteorological data, used for quick and approximate calculations during the design phase of the

software.

To define a project site: you can either select an existing site from the list

one+

by entering its name or using the interactive map.

or create a new

Project Site Variant User notes

@ Detailed losses
@ self-consumption

@ Storage

@ Module layout
@) Energy management

(@ Economic evaluation

K Advanced Simulation
0l Report

Detailed results

System losses
Simulation time step

0.00 kiihjkWp/day
1 Hour

Project ¥ rew PPV Loxd 4 sove w | Inport | Export O Frrmiezis Delte | b Cient (7]
Project’'s name Nouveau Projet I Client name Not defined
Site File I = : I ‘
Weather data File ~| B (7]
Please choose the geographical site.
Variant New P Save Import Delete 0 Manage 0
rResults
Variant n® VCO  : Nouvelle variante de simulation
System kind No 3D scene defined, no
shadings
System Production 0.00 kih/yr
lain parameter ptional
Spedific production 0.00 kivh/kWp/yr
@ Orientation @ Horizon Hourly Sub-hourly Performance Ratio 0.00
) Normalized production 0.00 kWhfiWp/day
@ 5ystem @ Near Shadings Run Simulation Array losses 0.00 kwhjkip/day

e

In the Geographical Coordinates dialog box, you can verify the coordinates of the selected site
and view the corresponding sun paths. The sun paths illustrate the position of the sun at each
hour throughout the year.
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" Geographical site parameters, new site

Geagraphical Coordinates | Monthly weather data  Interactive Map
[Locati Please import the monthly weather data
(from Meteonorm, Nasa, PVGIS, NREL, Solcast,
Site name Cendve | Get from coordinates larAnywhere, Solargis or lly)
Country Switzerland v Region Europe W
—Geographical Coordi Weather data Import
® Metzonorm 9.0 Hour |
Geographical data have been imported Sun paths ~
with success from the map. NASA POWER
Dedmal Deg. Min. Sec. PVGIS TMY Version 5.3
Latitude 46.2022 | [ |46 12 |7 {+ = North, - = South hemisph.) MREL [ NSRDB TMY
Longitude 6.1457 (1|8 3 44 (+ = East, - = West of Greenwich) Solcast TMY
Altitude 398 M above sea level SolarAnywhere @ TGY
Solargis TMY
Time zone 1.0 Corresponding to an average difference
Legal Time - Solar Time = 0h 35m
9 »  Import 7 ]
Get from name
o  Import ‘ m Export line m Export table + Mew site Print ‘ x Cancel ‘ oK

When creating a geographical site, you can directly import meteorological data from a list of
data providers such as Meteonorm, PVGIS, Solcast, SolarAnywhere, and Solargis. An active
internet connection is required for the import to work. The data is automatically retrieved based
on the coordinates of your site.

As a user, it is your responsibility to select the meteorological data source to be used in your
project. For some providers, an additional license may be required.

Meteonorm data is included with the PVsyst license. It combines ground-based measurements
and satellite observations, and uses monthly averages to generate synthetic time series—mainly
at an hourly resolution, or allowing the generation of minute-level data.

Itis possible to select meteorological datawith an hourly or minute time step, depending on the
desired level of accuracy. Hourly data allows for faster simulations but provides lower temporal
resolution. In contrast, minute-level data requires longer computation time but enables a more
detailed analysis of certain dynamic effects, such as inverter clipping.

TMY data (Typical Meteorological Year), on the other hand, consists of hourly meteorological data
files constructed from real measured data series over at least 10 years, based on various
statistical criteria.

The imported data is displayed as monthly averages. Depending on the meteorological data
source, you may also access the interannual variability of global horizontalirradiation, i.e. the
natural fluctuations of solar energy received on a horizontal surface from one year to another.
This information can be used to perform statistical analyses such as P50 and P90 for energy yield
predictions of photovoltaic systems.

By clicking OK, you will be prompted to save the geographical site and the hourly/minute

meteorological data (if your data source is based on synthetic data). By clicking Open c‘s, a
summary of your meteorological data will be displayed. Note that PVsyst assigns a generic year
labeled as 1990.
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Geographical Coordinates | Monthly weather data | Interactive Map

Site. Genéve (Switzerland)
Data source |MEhenNnrm a.0dl
Global Horizontal Temperature  Wind Velocity  Linke turbidity Relative
horizental diffuse humidity
irradiation irradiation
lwhfm2fmth kwhjm2/mth =C mfs M %
January 34.7 21.8 2.3 2.35 2.872 817
equired Dat:
February 56.9 26.9 3.0 2.56 3.016 757
Global horizontal irradiation
March 105.7 46.8 6.9 2.75 3.030 69.0 Average Ext, Temperature
April 145.0 60.6 111 2.46 3.744 64.9
Extra data
M: 172.2 80.7 14.7 2.35 3.663 68.2
v Horizontal diffuse irradiation
June 193.0 83.2 19.1 2.25 4.060 66,1
Wind welodity
July 195.2 74.1 21.0 2.16 3.670 63.3
Linke turbidity
August 166.9 66. 1 20.1 1.86 3.221 67.7
Relative humidity
September 123.2 53.5 6.0 2.06 3.392 73.3
October 74.8 34.3 116 195 2.942 80.4 Irradiation units
Movember 38.4 239 6.4 2.06 2.907 83.0
December 2.3 17.7 2.9 2.35 3.465 83.4 ihm2{men;
O MIfm2/day
vear ) 13331 589.5 112 23 3332 731 O Wit
O wym?
Cl Index Kt
Global horizontal irradiation year-to-year variability 5.1% O Clearness Index
» | Impart ”  Export ine ” ) Export table F newss ” & print ” K cancel ”
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3 Orientations

To define the orientation, you must choose the field type. There are 3 categories of field types:
e Fixed orientation Planes,
e One Axis tracking plane

e Two Axis tracking planes.

You may define multiple field types by clicking )Add Orientation at the top of the dialog. To
define an Orientation, choose the Field type in the drop down list. The header will show the name
of this orientation. If the box on the right is checked, this will define a name according to the main
parameters of the orientation; but you may give any customized name.

ield type ame

Fixed Tilted Plane e Fixed, Tilt 15.0%, Azim. 20.0°

The field types have in common that you must define the plane tilt and azimuth. In general, the
plane tilt is defined as the angle between the collector plane and the horizontal. The plane
azimuth is the angle between the collector plane and the direction toward the equator.

In the northern hemisphere, this means the azimuth is measured from due south (toward the
equator), with positive values toward the west (counterclockwise):

e south =0°, west =90°, north = 180°, and east = -90°.

In the southern hemisphere, the azimuth is measured from due north (toward the equator), with
negative values toward the east (clockwise):

e north =0°, west =90°, south = 180°, and east = -90°.

3.1 Fixed orientations

3.1.1 Fixed plane systems
This is the simplest kind of orientation, it defines the plane tilt and the plane azimuth.

If tables (rectangular fields) are defined in the 3D scene, the base of these tables may be inclined
with respect to horizontal: this is the Base tilt angle, which is usually named base slope in the
3D scene. In this case the real plane orientation is altered.

ield parameters

Plane it . Tilt 15.0° Azimuth 20°

Azimuth 20.0 =
Base tilt angle 0.0 = West East

/

South

Inthe fixed planes definition, PVsyst displays a quick optimization tool, indicating the energyyield
as a function of the tilt and the azimuth. This is a rough estimation meant for judging how your
orientation choice (violet point) will affect the yield with respect to the optimum. This may show
the annual, summer or winter yield.
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—Quick optimization
—Optimization with respect to—————————————— 0
® Annual yield
() Summer (Apr-Sep)
O winter (Oct-Mar)

—Yearly incident irradiation——————

Transposition Factor FT 1.13 0.8H FTranspos.= 1.13 ] 0.8 b
) . I Loss/opt.= -7.8% 3
Loss with respect to optimum -7.8% 06 L, Y T TN T T T
Global on collector plane 1786 kiWhm?2 0 30 60 80 50 60 -30 0 30 60 90
Plane tilt Plane orientation

3.1.2 Seasonaltilt adjustment

In the seasonal tilt adjustment, you have the possibility to optimize the PV production, by modifying
the tables tilt depending on the season. This option allows to define two seasons with a
corresponding plane tilt and you must specify the months for the winter and the summer position.

—Field type Nam —Module area
: ; S Syste: 0 m2
| Seasonal tilt adjustment j |Seasona\ tilt adjustment, summer 20.0%, winter 50.0° | ystem m 0 modules
3D scene 0m2 0 modules
—Field parameters
| I Tilt $=20.0°/W=50.0" Azimuth 0°
Summer Tilt 20.0 ®
Winter Tilt |su.0 | ° Winter
Azmuth I_IU 0 : West East
Summer
Winter months
Jan [ May [sep s
outh
Feb O un Oct
Mar Ol Nov
[ Apr ) Aug Dec

3.1.3 Domes

Domes corresponds to a system with two opposite arrays of tables. In this case, PVsyst
automatically creates a second orientation for the opposite part of the array.

The spacing between the 2 rows of domes is usually very small and no significant irradiance will

be allowed to fall on the ground underneath the dome. Therefore, such a configuration is not
suited for bi-facial systems.

ield typ —Mam odule area
Syste 2563 m2
Domes | |ome front face, Tit 10.0°, Azm. 90.0° | VStEm m

3D scene 0 m2

0 modules
0 modules

—Dome front fac
Plane tilt 10,0

o Tilt 10.0° Azimuth 90°
Azimuth

Base tilt angle

L JNE 25 T 3
@

West

~Dome backfac _______..——-"“---.________
Flane tilt 10.0 =
South
Azimuth -30.0 =
Base tilt angle 0.0 =

3.1.4 Unlimited sheds

The unlimited sheds are an extension of the fixed tilted plane orientation that adds geometrical
parameters defining the tables arrangement (in regularly arranged rows).

D T
% !H{)}{ﬂ‘%yh-l PVsyst SA - Grid Connected Systems - User’s manual Page 19
EOFTWARE

East



file:///C:/Program%20Files/PVsyst8.0.0/HtmlHelp/images/orientations/Fixed_Orient_Optimiz.PNG
file:///C:/Program%20Files/PVsyst8.0.0/HtmlHelp/images/orientations/Domes.PNG

This allows the application of asimplified 2D model of mutual shadings based on these
parameters. This approach is generally faster than defining a 3D shading scene and can therefore
be used for example in more preliminary studies. “Unlimited sheds” refers to the 2D
representation, where the extremities of the rows are ignored in the calculations.

Besides the orientation, this mode specifies parameters describing the PV system, such as the
number of rows (sheds) and parameters such as the width of the (active) collector band,
mechanical top and bottom inactive bands, and the pitch. The number of rows is necessary for
the calculation to take into account that the first row is not shaded. The collector band width is
the width of your sensitive area. For instance, if you have one row of modules where the panel
measures 1x1.5m, if the panels are placed in landscape this will be 1m, and in portrait this will
be 1.5m. The inactive band refers to a physical structure extending out past the modules, which
will cast shadows. The pitch is the distance between rows.

ield typ al odule area
Systel 2563 m2
Unlimited sheds ~ Unlimited sheds, Tilt 20.0°, Azim, 0.0® ystEm m 0 modules

Shading limit angle: 21.2°
GCR Module: A(sensitive) / A(ground) = 54.5%

0 2 4 10 14
rientation p: ers —sheds ars Electrical effect
. Pitch |5.50 |m Use electrical effect in simul.
Plane it |20.0
Sensitive width |3, m . i - -

pzimuth (0.0 ) 3.00 No. of partitions in width |3 [ Show Optimization

Top inactive band [0.02 |m Partiton width  1.00m —
Nb. of sheds |5 .

Bottom inactive band |0.02 |m Width of one PV cell |15.60 [em Shading Graph ‘
GCR Modules  54.5% Details and Graph | e

The ground covering ratio (GCR) and the limit angle (the profile angle for which you begin to
have mutual shadings) is calculated based on the parameters you choose and shown in the top
of the window. As there are shadings, this tool also allows for some advanced options to define
number of partitions for the calculation of the electrical shading effects.

3.1.5 Unlimited sun-shields

It is possible to define unlimited sun-shields on a fagade. The sun-shield rows parameters are
defined in a similar way as the unlimited sheds.

3.2 Tracking plane definitions

3.2.1 Unlimited trackers, horizontal axis

In a similar way as for unlimited sheds, you may define "unlimited trackers" for parametric study
of a PV trackers system, without using the 3D scene construction.

The axis azimuth refers to the orientation of the axis, where an azimuth of 0 correspond to an
axis running in the north to south direction. The rotation angle around the axis is called Phi.
Mechanical limits on the Phi stroke are required. Phi O corresponds to a horizontal axis; the
minimum phi is the lowest angle authorized (counter clockwise from the horizontal axis) and the
maximum phi contrary is the highest angle authorized (clockwise from the horizontal axis).

#PVSYST
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The backtracking option will prevent shading between rows of panels by adjusting their tilt angle
based on the sun’s position. The irradiance optimization option will evaluate the optimal tracking
angle on the basis of the transposition model: the angle is adjusted in order to get the best
transposition result of Globlnc, considering the Beam and Diffuse components.

The other parameters are the same as for “Unlimited sheds”. Note that the electrical shading
parameters are only visible when the backtracking is not activated, as by definition there are no
mutual shadings in backtracking mode.

ield typ Ma odule area
- - " " System 2563 m?
Suiveurs illimités, axe horiz. ~ Fixed, Tilt 15.0°, Azim, 20.0® ¥ 1152 modules

Sun profile adgle = 70.0°, Phi angle = -20.0° 4.0

3.5

3.0

25

20

1.4

1.0

0.5

| ! ! ! ! ! ! ! ! ! 0.0

0 2 4 6 8 10 12 14 16 18 20
Tracking p ers Tracker System F er Electrical effect:
Axis azmuth (0.0 : Pitch |6.60 |m Use electrical effect in simul.
Phi min., morning |-60.0 = Sensitive width 3,00 |m Mo. of partitions in width |3
Phi max., evening |60.0 = Leftinactive band |p.02 |m Shading factor  0.0% Partition width 1.00m
Electrical Shading factor  0.0%
Nb. of trackers |10 Rightinactive band [0.02 | m “ width of one PV cell [15.60|am
Backtrackin
. g N d GCR Modules  45.5% ‘ Details and Graph |
Irradiance optimization

By dragging the sun, you have the opportunity of visualizing the tracker's behavior according to
the sun position. This tool will show, namely, the behavior of the backtracking mode.

3.2.2 Tracking, horizontal and tilted axis

As in Unlimited Trackers, you must define the axis orientation and tracking limit angles. You also
have the possibility to add an Axis tilt. You must define the Phi limits (mechanical stroke),
the backtracking strategy, and the tracking calculation mode (astronomic calculation or
irradiance optimization) to be used during the simulation. An additional parameter, Wind stow
defines a security rest position, to be set during the simulation when the wind speed is too high.

When defining an array of trackers, the construction in the 3D scene is mandatory, as this is the
only way of calculating the mutual shading losses.

—Axig and limiting angles

Rotating phi limits -60°/60°
Irradiance optimization Fhi is the rotating angle around the axis,
defined as Phi=0 when the plane is fadng
the axis azimuth.

West

s Tt 0.0 = Axis Tilt 10.0° Axis azimuth 0°
*
Axis azimuth 0.0 @
Phi min. -60.0 = West East
Phi max. 0.0 = e
—Spedal Behaviours South
Backiracking 7 ] Tracking plane, tilted axis

East

Wind speed threshold 12.00 | mfs
Please define the mechanical stroke limits - -
Wind stow position 0.0 = (PhiMin towards east, Phimax towards
West),
Facing Axis azimuth = 0°
& PVSYST . ,
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3.2.3 Tracking, vertical axis

With trackers with a vertical axis, the collector is kept at a fixed tilt but rotating according to the
sun azimuth. This configuration may be used with "dish" arrangements, when a big rotating
support holds several rows of modules; this particular case is made possible as the rotating axis
of one row may be displaced with respect to the collector. The plane tilt and the azimuth
mechanical limits of the tracker must be defined.

—Tilt and rotating limits

Plane tilt 20.0 o Side view: tilt 20.0° Azimuth limits -120°/120°
Min, azimuth -120.0 = / N .
Max. azimuth 120.0 = — West East

—Special Behaviors

Backtracking 7 ) South

Tracking plane, vertical axis

The collectors are mounted with a fixed tilt, on an support
which rotates around an vertical axis.

Please define the plane tilt, and the azimuth mechanical limits
of the tracker.

MEB: Backiracking strategy is very difficult to calculate, and is not
vetimplemented for this configuration.

3.2.4 Tracking sun-shields

It’s possible to define a tracking sun-shield. You need to specify the facade orientation, as well
as the minimum and maximum tilt. Optimizing the balance between sun protection and PV

production is challenging. The backtracking strategy is likely the only reasonable approach for
operating sun-shield trackers.

—Axis and limiting angles

Facade orient. 0.0 s Tilt limits 5.0°/80.0° Facade orient. 0°
|
Min, tilt 5.0 = G
Max, tilt 80.0 = West S East
—Spedal Behaviors +

Backtracking d South

3.2.5 Tracking, horizontal axis East/West

The tracking horizontal East/West refers to system where the rotation axis normally is running
east/west. With an Axis orientation of 0° in the northern hemisphere, the panels will be oriented
south and the minimum and maximum tilt will define the mechanical strokes to follow the height

ofthe suninthe southern direction, i.e. mainly the seasonal variations. This is available in PVsyst,
though is only used in very special situations.

Axis and limiting angles

Axis orientation 0.0 o Tilt limits -30.0°/80.0° Axis azimuth 0°

Min. tilt -30.0 °

Max. tilt 80.0 ° West East
* B —— - ]

Spedial Behaviors

Backtracking Y | South

Tracking plane, horizontal E-W axis

Horizontal axis orientation is defined as azimuth =

0 for E-W axis.

Please define the mechanical stroke limit tilts:
Minimum tilt (up to -90° =vertical north)
Maximum tilt (up to 90° =vertical south)
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3.3 Two axis trackers

3.3.1

Tracking two axis

Two-axis solar trackers adjust both the tilt and orientation of solar panels to stay perpendicular
to the sun's rays throughout the day. You must define the stroke limits for both the tilt and the

azimuth.

otating Limit Angles
Min. tilt

Max, tilt

Min. azimuth

Max, azimuth

e

3 3 A A

o

Tilt limits -10.0°/80.0°

3.3.2 Tracking 2-axis, frame North/South and East/West

Tracking plane, two axis
Please define the mechanical stroke limits:

Minimum tilt {up to -90% =vertical north)

Maximum tilt (up to 90° =vertical south)

Minimum azimuth (towards east, up to -180%)
Maximum azimuth (towards west, up to 180%)

West

b b

Azimuth limits -150°/150°

East

South

There are specific scenarios of 2-axis tracking system. The plane is always perpendicular to the
sun's rays, the tracker orientation within this plane is different. This may lead to different mutual
shadings. You have to define here the parameters related to the orientation. The mechanical
frame characteristics (size, width, etc) will be defined when creating the 3D field representation.
The backtracking may be done between trackers within the frame, not between adjacent frames.

—Tracking fram
Axis Tilt

Axis azimuth
Frame Phi min.

Frame Phi max.

n

2

=
£33 Er Ly

a

Tilt limits 10.0°/80.0°

—Sheds on fram

Min. tilt/frame

Max. tilt/frame

£33 £

Tracking fram:
This configuration may only be

defined using the 3D near

—Spedial Behaviors

shadings construction.

[ Backtracking

o

The frame and sheds geometry will
be fully defined there, and will be
checked with a visual contral.

—Tracking frami

Frame min. tilt
Frame max. tilt

Axis perp. azimuth

=
=1
[=1

@
=
=

£ 23 23
0

Tilt limits 10.0°780.0°

—Trackers on fram:

Phi min.

Phi max,

0

&
o

3 ¢

Tracking fram

—Spedial Behaviors

This configuration may only be

[[) Backiracking

Q

defined using the 3D near
shadings construction.

The frame and sheds geometry wil
be fully defined there, and wil be
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Axis azimuth 0°

+
1
West East
South
Rotating phi limits -60°/60°
West East
Facing®Axiz azimith = 0°
Axis azimuth 0°
+
West D D D East
I
South
Rotating phi limits -60°/60°
West \I/ East

Facing Axis azimuth

=0F

Page 23


file:///C:/Program%20Files/PVsyst8.0.0/HtmlHelp/images/orientations/Tracking_TwoAxis.PNG
file:///C:/Program%20Files/PVsyst8.0.0/HtmlHelp/images/orientations/Tracking_FrameNS.PNG
file:///C:/Program%20Files/PVsyst8.0.0/HtmlHelp/images/orientations/Tracking_FrameEW.PNG

») ST
% I VSY&'-I PVsyst SA - Grid Connected Systems - User’s manual Page 24

PHOTOVOLTAIS
EOFTWARE



4 System

In a grid-connected projects, the system is defined as the set of components constituting the
PV-array, i.e. the PV modules, inverters and the design of the array, here separated in the different

background colors.

4.1 List of Sub-arrays

The system is organized as a set of sub-arrays: one sub-array is constituted of:

| 4 "New simulation variant”™

Grid system definition, Variant VCO:

|
List of sub-arrays 0
NET RPN
#Mod #5tring
Bons #nv. #MPPT
|| vy
- Generic - Monao 300 Wip 60 cells 12 3
- Generic - 9 kWac inverter 1 1
|
|
|
Global system summary
Nb. of modules 36
Module area 59 m?
Nb. of inverters 1
Nominal PY Power 10.8 kWp
Nominal AC Power 9.0 kWAC
Pnom ratio 1.200

Sub-array [Py Array ~| [l | Qadd || ek | (7]
Select the ori Pre-sizing Help
Orientation Fixed, Tilt 20.0%, Azim. 0.0° @ No sizing Planned power Ol:l wp @
or avaiable area OCI m?
Select the PV module
| Available Now | Fiter [PV modules ~
| Generic | [s00wp27v  Simono Mono 300 Wp 60 cells Since 2020 Typical | ‘ €, Open ‘
] Use optimizer
Sizing voltages : Wmpp (60°C)  27.1V
Voc (-10°C) 423V
Select the inverter on
z
Available Now | Output voltage 400 v Tri 50Hz &0 Hz
[ _Generic | [sokw  150-750v TL  50/60Hz 9 kwac inverter Since 2025 ~] ‘ | Open
Nb. of inverters — Operating valtage: ~ 150-750 Glabal Inverter's power 9.0 kiac

. Input maximum valtage:
(7} ® Phom sharing within the inverter!

O Independent MPPT inputs

900V inverter with 2 MPPT

Power sharing within
‘this inverter

rDesign the array

~Number of modules and stris Operating conditions
Vmpp (60°C) 3% v
Mod. in series * [between 6 and 21 7] :2’("?_532;) :EQT :
Nb. strings E' . (7]
i 2

Overload loss 0% [ IPIE”E ‘;:g'a"e 1;:6":""'
e 400 L E£SEng | mpp (STC) g OMax.indata @ sTC

Isc (57C) el Max. operating power 07 kW
Nb. modules 36  Area 59 m? (at 1000 W/m? and 50°C)

Isc (at STC) 29.7A

Array nom. Power (STC) 10.8 kiip

| QSwtemuvenriew H g—ﬁnglerﬁnediagram |
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A PV module model, chosen in the database,
An inverter model, chosen in the database,
The number of inverter inputs,

o either fullinverters or

o number of MPPT inputs,

x Cancel ‘ | ‘/ oK

The number of modules in series, and the number of module strings.

o The total number of strings should ideally be a multiple of the number of inverter

MPPT inputs.

o This allows the strings to be evenly distributed across the different MPPT inputs
(same number of strings per MPPT), ensuring a balanced DC power distribution.

o If the number of strings is not divisible by the number of MPPTs, PVsyst will
automatically distribute the strings as evenly as possible among the inputs.
However, this may lead to a power imbalance between MPPTs.

o If this imbalance becomes too significant, a warning will be displayed. In such
cases, itisrecommended to manually define an appropriate distribution or adjust
the number of strings to achieve an electrically balanced system.
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e Insome cases, additional devices may be added to the sub-array: for example Module or
String Optimizers.

You can manage (add, copy, rename, move and delete) in the list on the left of the dialog.
There is a Pre-sizing help available

Pre-sizing Help

® Mo sizing Flanned power ] kKWp o

or available area ] m?2

in the upper right corner in the system window. This tool will suggest an automatic sizing of each
sub-array, where you can specify either the desired nominal power, or the available area for your
modules.

As a consequence of this organization in sub-arrays, all the strings of modules connected to the
input of an inverter (or a MPPT input) are homogeneous:

e identical modules and inverters,
e same number of modules in series,
e same orientation.
These homogeneity requirements in PVsyst reflect general best practices for any realinstallation.

For example, it is not recommended to connect a different number of modules in series on the
same inverter input, as this may negatively affect the operating conditions of the system
(particularly the MPP tracking). Similarly, it is not advisable to mix different module models on
the same MPPT input. The simulation of arrays with different types of modules (e.g., a mix of
power classes) is currently not supported in PVsyst.

Each sub-array is associated with a specific orientation. In principle, all modules within the same
sub-array should have the same orientation. Mixing PV modules with different orientations within
the same string should be avoided, as it leads to significant current losses due to irradiance
differences, since the current of a string is always limited by the weakest module.

Moreover, PVsyst explicitly prevents the definition of multiple orientations within a single string,
automatically avoiding any non-compliant configuration.

However, it is possible to connect strings with different orientations in parallel, as the resulting
voltage mismatch is generally very small.

PVsyst also allows the creation of sub-arrays with two different orientations connected to the
same inverter input, and the potential mismatch losses between orientations will be displayed
in the loss diagram.

4.2 Design the array

PV panels have a temperature coefficient, which indicates how their output voltage and current
change with variations in temperature. Typically, as the temperature increases, the output
voltage of the panels decreases.

Voltage at Maximum Power Point (VMPP) changes with temperature due to the temperature
coefficient, soit's crucial to consider the temperature while sizing the voltage for the PV system.

Inverter Performance: The inverter converts the DC power generated by the PV panels into AC
power for use in the electrical system.

&7 PVSYST
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Inverters also have temperature limits and efficiency considerations. If the voltage is not
appropriately sized for the temperature conditions, the inverter may not operate optimally,
leading to reduced energy production or even potential damage to the inverter.

When designing the array, the number of modules in series has to stay within the requirements

of

Staying above the minimum inverter’s operation voltage Vmin of MPPT range (i.e. at max.
module operating temperature, 60°C by default)

Staying below the maximum inverter’s operating voltage (i.e. at min. module operating
temperature, 20°C by default)

To stay below the absolute maximum inverter’s input voltage (i.e. Voc at min.
temperature, -10°C by default)

Not exceed the maximum system voltage specified for the PV module.

By clicking Sizing, you find a specific tool that gathers all the constraints relating to the sizing of
a specific system.

#PVSYST

¥ Array [ Inverter Sizing Conditions

—Power Sizing Characteristics——————————————

| Array Voltage Sizing
50 T T T T PV Array, Pnom (STC 10.8 kw|
L Inv. Prhax'\ DC -jinél. overl adl_: . L G0 = P
\ | Maximum dlear sky conditions :
I
anlk t, ! Inv Imax DC i PV Array, Pmax (1036 W/m2, 60°C) 9.6 kWDC
. Inverters, Pnom (AC) 9.0 kw
Inverters, Pmax (25°C) 10.0 kw
= e 2 T overload loss 1.1 kWh
B & 2 {power limitation) 0.0 %
g xnlk £ g | Prom Array/Inv, ratio 1.20
- Prnom ratio (Tinv = 25°C) 1.08
| Sl
Bt This overload loss is a rough evaluation, based on
10 7 the histogram as a help for sizing. It doesn't take all
particularities into account (Josses or FNom
variations).
0 L L The definitive values will be the result of the
0 200 400 600 200 1000 simulation.
| Voltage [V]
Power sizing: Inverter output distribution
800 . | . | . | r T r .
| —— Array Energy at MPP
= s00 — Array Energy with power limitation 7]
=
Z 400 .
k-
= 300 :
£
= 200 Array
%E Pnom 5T
=100 E
0 ] ] ] 1
0 2z 4] 10 12
Array Power [KW]
istogram
| Irrad. as hours Irrad. as kwhjm2 (@ AC Energy as kivh d ﬂ Close

For the number of modules in series and strings: the upper diagram shows the I/V
curve of the PV array, together with the MPPT range, voltage, power, and current limits
of the inverter. The little black dot should be within the safety limits. In Project setting,
these numbers can be modified if needed, this will not affect the simulation, but the
sizing and the IV curve.
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e Fortheinverter sizing: the second graph, known as the system output power
distribution graph, illustrates the annual distribution of power generated by the
photovoltaic system. The horizontal axis displays power intervals, while the vertical axis
shows the total energy produced within each interval. This graph highlights the most
common power ranges, offering insights for optimizing inverter sizing and assessing
possible overload losses.

The optimal sizing of the inverter is based on the acceptable overload loss throughout the year.
It usually leads to over-size the power ratio (PV array nominal power with respect to the inverter
nom. AC power), by a factor of 1.25. Note that this is a first rough estimation and that you later
can define different losses such as near and far shadings. Specialized tools are also provided to
evaluate different losses due to wiring, module quality, mismatch between modules, soiling,
thermal behavior, mechanical mounting, system unavailability, etc.

4.3 Multi MPPT and Power sharing feature

The MPPT technology, short for Maximum Power Point Tracking, enables a solar inverter to
independently track the maximum power point for each string or group of panels.

Thus, in the case of different length of strings or panels oriented differently on your site, in the
case of partial shading due to objects nearby or in the case of soiling; the multi-MPPT allows the
system to mitigate the impact by adjusting the operation of the affected strings without affecting
the others.

Choosing the option Pnom sharing within the inverter,

" Grid system definition, Variant VC0: “New simulation variant”

List of sub-arrays 7] Sub-array PV Array ~ |1§|i3| ‘ ) Add ‘ ‘ i Delete ‘ o
# 5 ap v A > Select th Pre-sizing Help
— Orientation Fixed, Tilt 20.0°, Azim. 0.0° ® No sizing Planned power 0.0 kWp L2
#Mod #Chair
Nom P, | eree or svaisble area O m
" PY Array ~Select the PV module
-~ Generic -Mono 300 Wp 60 cells 24 8
Disponibles “| Filter Tous les modules PV~
- Generic - 60 kiac string inverter, 1 1
_Générique | [300wp27v  Si-mono Mono 300 Wp 60 cells Depuis 2020 Typical ~ ‘ <, Open |

Use optimizer
Sizing voltages : Vmpp (60°C)  27.1V
Voc (-10°C) 423V

Select the inverter

50 Hz
Disponibles | Output voltage 800 ¥ Tri 50Hz Es0Hz
_Générique || 60 kW 500-1300V TL 50/60 Hz 60 kWac string inverter, § MPPT Depuis 2025 dl | C, Open |
Mb. ofinverters 1 Operating voltage:  500-1300 v Global Inverter's power 60.0 kiac
Inout maximum voltage: 1500V  inverter with 8 MPPT

7] © PMom sharing within the inverter Power sllt?lrmg wlﬂnn
Independent MPPT inputs is inverter

[ Design the array

Humber of modules and string Operating conditions
vmpp (60°C) 652 V
’ vmpp (20°C) 777V
Global system summary Mod. inseries |24 between 19 and 35 (7] R T 1)
Wb strings s (7} Consider increasing inverter power or redudng
Nb. of modules 1152 PV power.
Module area 1874 m2 y {=s P 3 ‘?l Plane irradiance 1000W{m?=
Nb. of inverters 1 g :;T(DF(FSC.I;C) :;;: Max.indsta @ STC
Mominal FY Power 346 kwp Max. operating power 311 kw
fib. modules 1152 Area 1874 m? (at 1000 Wjm? and 50°C)
Nominal AC Power 50.0 kWAC Isc (at STC) 4758
Brom ratio Array nom. Power (STC) 346 kivp
‘ Q System overview H g— Single-line diagram ‘ | x Cancel | | oK |

PVsyst will equally distribute the Power over the MPPT inputs automatically. If you have different
configurations at the input of Multi-MPPT inverters, you should define a sub-array for each kind
of configuration.

By selecting Independent MPPT inputs,
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ﬁ I VSY&'-I PVsyst SA - Grid Connected Systems - User’s manual Page 28

FHOTOYOLTAIC
SOFTWARE



r

Grid system definition, Variant VCD: "New simulation variant”™

List of sub-arrays 0 Sub-array PV Array V| AlB D add | 1T Delete 0
Fla v a|llo (-Select the orientati Pre-sizing Help °
Orientation Fixed, Tilt 20.0°, Azim. 0.0° @® Mo sizing Plannedpower O1 | kwp
#Mod #Chalne

#0nd.  #MPPT or availzble area C)sz

Select the PV module

Nom

ic -Mono 300 Wp 60 cells 15 1

[P — . . [Touslesmodues | Fiter | Tous les madules PV
* Sub-array #2 | _Generic | [300Wp 27V Si-mono Mon 300 Wp 60 cells Since 2020 Tpical ~|| @ 0pen
i Generic -Mono 300 Wp 0 cells 12 2 —
* Generic - 8 kiac inverter 1 1 LI

Sizing voltages : Vmpp (60°C) 27.1V
Voo (-10°C) 423V

—Select the inverter

50 Hz
Tous les onduleurs | Qutput voltsge 400 V Tri 50Hz 60 Hz
| _Generic | [eokw  150-750v T so/soHz o kwecinverter Since 2025 ~] Q_ Open

Hb of MPPT inputs - Operating voltage: ~ 150-750 V  Inverter power used 3.5 kWa @ Power sharing
Input maximum voltage: 900V inverter with 2 MPPT N
I 9 1O PNom sharing within the inverter Power sharing defined

@® Independent MPPT inputs
—Design the array

—MNumber of modules and stril Operating conditions
vmpp (50°C) 07 v
X A ; Vmpp (20°C) 436 v

Global system summary Mod. in series EI 2 [Obetween sand 21 (7] ey e
Nb. of modules £ Wosengs L]0 (7]
Module area 63m2 Overload loss 0d% [ ';‘E”E ‘:S'E”EE 1";"5’:""'“'
Nb. of inverters 1 Pnom ratio 130 il Imp(ps(m) ) 9‘9 A O Max. in data @®sTC

sc u
Nominal PV Power 11.7 kwp b, modules 15 A 24 me Max. operating power 4.1 kw

modul rea m :
Nominal AC Pawer 9.0 KWAC Isc (2t 5TC) a3 (at 1000 Wjm* and 50°C)
Pnom ratio 1.300 Array nom. Power (STC) 4.5 kWp
| Q System overview || g— Single-line diagram | | x Cancel | | ‘/ [+ |

itis possible to consider the single MPPT inputs.

Below the inverter model selection, one thus selects a given number of inputs instead of a
number of inverters. If the inverter has the capability to shift part of the nominal power between
the MPPT inputs, this can be configured in the Power Sharing window.

Power sharing ensures that the power generated by each MPPT controller is efficiently distributed
among the different strings or groups of modules by assighing each sub-array to a power sharing
group.

On the right side of the power sharing window, you can find the inverter configuration. By dragging
a sub-array from the list on the right into the inverter configuration window, you can assign
multiple sub-arrays to the same inverter.

A summary of the sub-array characteristics will be displayed, including the number of MPPTs,
the nominal power for each MPPT, the percentage of the inverter’s total nhominal power, the
installed PV power in the sub-array, and the nominal power ratio within the sub-array.

#PVSYST
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een MPPT inputs o me inverter

HNominal power sharing between MPPT inputs of a same inverter across several Sub-arrays
Be careful: the Pysyst database doesn't hold all kinds of limitations set by the manufacturers |

\When spedifying derates from the normal case, you should chedk the compatibility with the datasheets specifications.
MPPT input power sharing
‘You can medify the PMom of the MPPT inputs for sharing nom, power across different sub-arrays,
The partial power should not exceed the maximum power allowed by the manufacturer for a given input,

To canfigure power sharing tick the checkbox below, add configurations with the + button, drag and drop the
sub-arrays from the right treeview to the configurations on the left treeview.

Power sharing defined
However the total power for each inverter should remain the nominal power. 9

Use the sharing of Nominal Fower between MPFT inputs of & same inverter

@

—List of sub-arrays Inverter config.
AV |5 P Auto-equal. Priom
Inverter/Sub-array Mb. MPFT Inverter model/Configuration Mb. MPFT Prom/MFFT 3 Pnom PV power Pnom ratio
= 8 kWac inverter 2 MPPT/inv = 9 kWac inverter 2 MPPT/inv
b PV Array 1 El Configuration 1 2 (1 Inv.)
- Sub-array #2 1 - PV Array 1 3.462 kw 38.46% 4.5 kiWp 1.30
- Sub-array #2 1 5.538 kw 51.54% 7.2kWp 130

x|

o oK

Power sharing is automatically balanced when Auto-equalize Pnom is checked. You also have
the option to manually distribute and/or adjust the power assighed to each sub-array by

unchecking this option.

By clicking on the weight icon, the Pnom ratio is balanced, and by clicking on the eraser icon,

the Pnom ratio is reset.
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5 Detailed losses

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

5.1 Thermal parameters

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

The thermal balance involves the Heat loss factor:
U =Uc + Uv - WindSpeed [W/m?-K]

The thermal loss factor, or U-value in PVsyst, represents the ability of the photovoltaic system to
dissipate heat. The more efficiently heat is removed, the lower the module temperature, and the
lower the associated performance losses.

Free-standing modules, benefiting from better air circulation, dissipate heat more effectively and
therefore have higher U-values. In contrast, building-integrated modules retain more heat,
resulting in lower U-values and higher performance losses.

In practice, we recommend not using wind dependence, as wind speed is generally poorly
defined in meteorological data, and the Uv parameter is not well known. Therefore, Uv is usually
setto 0, and an average wind effect is included in the constant term.

Based on our own measurements on several systems, PVsyst provides default values depending
on the mounting type:

e Uc =29 W/mK for completely free air circulation around the collectors (free-standing
collectors).

e Uc = 27 W/m?K for domes, a manufacturer has measured the U-value on several
installations (height about 40 to 70 cm above the ground)

e Uc =20 W/m’K for semi-integrated modules with an air duct on the back.

e Uc=15W/m’K for integrated modules (back insulated), as only one surface participates
to the convection/radiation cooling.

—Field Thermal Loss Factor

Thermal Loss factor U = Uc + Uv * Wind vel
Constant loss factor Uc 20.0 W 2K
Wind loss factor Uv 0.0 W m2K m/s

—Default value acc. to mounting

"Free” mounted modules with air droulation
Domes

Semidntegrated with air duct behind
Integration with fully insulated badk

The thermal loss effect is shown on the array loss diagram in the final report.
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The ‘Standard NOCT factor’ (Nominal Operating Cell Temperature) is the temperature that the
module reaches in equilibrium for very specific surrounding and operating 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 from a
realistic module operation. PVsyst only mentions it for completeness and for comparison with
the manufacturer’s specifications.

5.2 Ohmic Losses

The wiring ohmic resistance induces losses (R - I2) 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.

5.2.1 DC circuit: ohmic losses for the subfield

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 to establish and optimize the ohmic losses
through the Detailed computation 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.

Itis also possible to define DC ohmic losses by directly specifying a global wiring resistivity. This
approach can be used when the wiring layout is designed in third-party software that allows this
value to be extracted and then imported into PVsyst.

—DC circuit: ohmic losses for the array
—Specified by
Global wiring resistance 378.1 | me2 Calculated . )
l:l Detailed computation
(®) Loss fraction at 5TC 1.50 % Default
Voltage Drop across series diode 0.0 ] Default

NB: remember that the wiring loss behaves as the square of the current. Therefore, operating at
half power 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.

In older PV installations, it was common practice to include a blocking diode in series with each
string to prevent reverse current from neighboring strings in the event of a mismatch. However,
this approach is now considered unnecessary. Even when a string is heavily shaded, its voltage
typically remains near its open-circuitvoltage (Voc), rendering the diode ineffective. Additionally,
these diodes were prone to failures, which often went undetected. As far as we know, the use of
blocking diodes in modern systems has been largely abandoned and the Voltage drop across
series diode can be left at 0.

5.2.2 AC losses after the inverter

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

—AC circuit: inverter to injection point (per inverter)

IUses AC drcuit ohmic loss 74
Length Inverter to injection 10.0 m  Wire section
Loss fraction at STC 1.05 % |6 mm?2 ' d

STC: Pac = 8.83 kW, Vac =230V Mono, I =38.4A @ Copper
Voltage drop at 5TC 1.2V (0.52%) Alu

Uses one or several MV transformers

ses a HY transformer

In many large PV installations (in the MWp range), the transformer is not part of the inverter, but
an external device directly connected to the MV or even the HV grid.

e One or several Medium Voltage transformers for the whole system. PVsyst will distribute
equally the power output of all inverters to all transformers.

e One Medium Voltage transformer in each sub-array. The transformer properties may be
different in different sub-arrays, but each sub-array has to have one transformer.

e Thereisthe possibility to add a High Voltage transformer that steps up the voltage before
the injection point.

Note that, when including transformers, the distance from the inverter to injection instead
correspond to the distance from inverter to Transformer.

—AC losses after the inverter

—AC Wire loss Inverter to transfo (per inverter) —Medium Voltage external transformer
@ per inverter
Uses AC drcuit ohmic loss s d MV Transformer(s), full system d
whale system
Length Inverter to Transformer 10,0 | m  \Wire section e s L Night disconnect
. —Generic values
Loss fraction at STC 0,41 % |&6mm?2 Y d
Reference Pac(STC) 496.8 kW
STC: Pac =82.8 kW, Vac =800V Tri, I =59.8 A ® Copper Tron loss (constant value) 0.07 | % [0.36 ke default
Alu
Voltage drop at STC 3.2V (0.41%) Copper (resistive) loss 1.33 | % at STC default
Uses one or several MV transformers Transfo equivalent resistance 3x 17.78 mD
Uses a HY transformer —Transformer from Datasheets
—Medium Voltage line Uses datasheets data
TN kv
MV line voltage 20.0 kv i
Ir ISP kva
Length MV Transfo to injection 250 m  Wire section =
Copper (resistive) loss at PNom /A kva
Loss fraction at STC 0.06 2 d !
Global loss at PNom /A kVA
STC: Pac =497 kW, Vac =20.0kvV Tri, I = 14.34 A @CODPEF T
Elahal afFciency 2+ BPMam o
Voltage drop at STC 117V (0.06%) Al Global effidency at PNo fh

The main losses associated with a transformer are:

e Theiron losses, which are mostly due to hysteresis and eddy currents in the transformer
core, are proportional to the square of the core flux, i.e. to the square of the voltage. Since
the grid voltage is constant, this will also be a constant loss. As default value, PVsyst will
use 0.1% of the reference nominal power.

¢ Night disconnect: The iron loss remains active and constant as long as the transformer
is connected to the grid, and this may represent a significant energy loss. In the
simulation results, this will show up as negative a E_Grid system yield during the night. It
may be economically profitable to foresee a switch that disconnects the transformer
from the grid during the night. To activate this behaviour in the simulation, please check
the option "Night disconnect" next to the humber of transformers. This option is global
for all transformers in the system.
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e The ohmic losses, also named copper losses, are originated by the resistance of the
primary and the secondary windings of the transformer coils. These may be represented
by a single equivalent resistance R, and in the simulation this loss will be computed as R
* 2. Like for the cable losses, this means that the relative loss is proportional to the
current (or power).

5.2.2.1 AC ohmic losses: reference power

PVsyst proposes a generic Ohmic loss initial relative value, for the early stage of the project's
development. You can choose the reference power as either:

¢ PNomPV(ac): The nominal power of the PV array at STC (PNomPV [kWDp]), adjusted by
the inverter’s efficiency. This was the default option in PVsyst before version 7.2.

e PNom(Inv): The nominal output power of the inverter(s), without applying a temperature
correction.

This choice is done for each project, in the project's settings dialog.

In the main menu Settings > Preferences > Physical models > AC Loss references, you may define
the default initial value when creating a new project.

5.3 Module quality - LID - Mismatch

5.3.1 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.

By default, PVsyst initializes the "Module Quality Loss" according to the PV module
manufacturer's tolerance specification. PVsyst will choose a quarter of the difference between
these values. For example, with -3...+3%, it will be 1.5%, and with positive sorting 0..+3%, it will
be -0.75% (i.e. a negative loss value, representing a gain).

Note that, this value of a quarter between low and high tolerance is the PVsyst choice. We usually
consider a conservative option (i.e. the modules will never be better than announced). It doesn't
have any other background reasons.

5.3.2 LID-Light Induced Degradation

LID (Light Induced Degradation)is a loss of performances arising in the very first hours of
exposition to the sun, with Crystalline modules. It may nhamely affect the real performance with
respect to the final factory flash tests data delivered by some PV module providers.

It is unclear how it affects the performance with respect to the specified STC values. If the
modules are sorted according to their final factory flash test for determining their Nominal Power
class, the LID will indeed represent a loss with respect to STC.

The LID loss is related to the quality of the wafer manufacturing and may be of the order of 1% to
3% (or even more).

—LID - Light Induced Degradation

default ?)
LID loss factor %o

Degradation of crystalline silican modules, in the first operating
hours by respect to the manufacturing flash test STC values.,
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It is very difficult to obtain data about the LID effect on a given module sample. This is never
referenced by the manufacturers of course. It depends on the origin of the Silicon wafers, and
may vary from product to product, but also may depend on batches of a given production. As it is
not sufficiently established, the LID loss is not proposed as default by PVsyst. If you specify it
explicitly, the proposed default value is 2%.

The LID effect occurs only with conventional p-type boron-doped wafers. Alternative
technologies using n-type doped wafers are not affected.

5.3.3 Module mismatch losses

Now when installing real modules in the field, the characteristics of each module are never
rigorously identical. The Module mismatch loss is mainly due to the fact that in a string of
modaules (or cells), the lowest current drives the current of the whole string. 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).

PVsyst includes a tool for understanding, and statistically estimating the corresponding power
loss (Detailed calculation). This toolfirst creates a statistical sample of modules, setting Voc and
Isc values according to a gaussian or square distribution. Then it adds the I/V characteristics of
each module in each string (add voltages) and then gathers the strings in the array (add currents).
Finally, it draws the resulting 1/V curve of the array, and identifies the MPP value, which is then
compared to the MPP value of an array with identical modules.

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

5.3.4 Strings voltage mismatch

The mismatch between strings is related to the voltage differences and involves a displacement
on the I/V curves. This results in general in very low power losses. Reasons for voltage mismatch
can be:

o That the string wire length is different from string to string, especially with big systems
(centralized inverters).

e That the temperature may be different from part to part of a big system (colder at the
edges).

o With big systems, the irradiance may be varying from part to part of a system in case of
clouds etc passages.

This is a transient effect, affecting usually some few seconds or minutes within the hour. PVsyst
neglect this in the present time.

5.4 Soiling loss

Soiling buildup and its impact on system performance is an uncertainty that strongly depends on
the system environment, rainfall conditions, etc. Soiling losses can become significantin certain
industrial environments or in desert climates.

Soiling losses can be defined individually for each month to account for periodic cleaning or rainy
periods. This parameter can also be used to represent the effect of snow covering the modules.

Itis also possible to import soiling values at an hourly resolution from a CSV file.

#PVSYST
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Mone a4

—Yearly soiling loss facts —From Fil

Default 7 ]

Yearly loss factor 0.0 %

—Monthly soiling val

January 0.0 July 0.0

February 0.0 August 0.0
March 0.0 September  [0.0
April 0.0 October 0.0

May 0.0 November  |0.0

EE S S
EE S -

June 0.0 December [5.9

| v SetAll As Year

5.5 |IAM Losses

The incidence effect (the designated term is IAM, for Incidence Angle Modifier) corresponds to
the decrease of the irradiance really reaching the PV cells’ surface, with respect to irradiance
under normal incidence. This decrease is mainly due to reflections on the glass cover, which
increases with the incidence angle.

The transmission loss (passage of light through materials) is a general phenomenon, due to the
reflection and transmission of the sun's ray at each material interface (air-glass, glass-EVA, EVA-
cell), as well as some absorption in the glass. The IAM only concerns the angular dependency of
this effect, i.e. it is normalized to the transmission at perpendicular incidence (0° incidence
angle).

Sun
ray First reflexion
main contribution to |1AM loss
4
Second reflexion
Air < 1% of the first reflexion
D
Glass '
- |
EVA
. p@ F |
PV cell

PVsyst uses an |IAM function, which describes the deficit of transmission as a function of the
incidence angle. This function is applied to the beam component, and to the diffuse and albedo,
using an integral over all seen directions, supposing an isotropic distribution of the diffuse
irradiance.

In principle, this phenomenon obeys the Fresnel's Laws describing transmission and reflections
at the interface of two transparent materials of different refraction indexes. This is a very general
behavior, derived from the general Maxwell's equations describing all electric phenomena. These
laws allow to calculate the light effectively reaching the cell's surface below the protective layer
(usually glass), as a function of the incidence angle. Now you can add an anti-reflective coating
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on the top interface air-glass. This thin layer has a lower refraction index than the glass, which
limits the first reflection.

Uses definition of the PV module
Incidence Angle model

Incidence Angle Modifier

11 T T T T T | T el AR coabrg ey
1.0 - f 26 e
0.9 A T g)
0.8
—Points
o7k Indd.angle 1AM [] Copy |
1 0.0 1,000
06k 2 999 [_‘ Paste |
0zl 3 0 987
4 0.0 | [0.963
0.4 s |7 892
sl 6 |75 0.814
0.2 ) Detailed study
o — Effective profile
—=== Fresnel, AR coating
00 I I I ! L L ] ]
0 10 20 30 40 50 60 70 80 90

Incidence Angle []

The IAM model is defined with the PV module parameters, page Additional data, Customized
IAM. If the IAM curve is highly over evaluated with respect to the Fresnel’s laws, you will have a
warning message while opening the .PAN file. An over evaluated IAM curve could lead to an
overestimation of your system’s production.

The IAM curve is highly overevaluated with
respect to the Fresnel's laws.

In the Additional Data, Customized IAM you can modify an over evaluated IAM curve by choosing
the Default Fresnel. This manipulation can also be done through the detailed losses window, IAM
Losses tab.

5.6 Auxiliaries

Auxiliary consumption corresponds to the energy used for the operation and management of the
system. This may include fans, air conditioning, electronic equipment, lighting, monitoring, or
any other consumption that must be deducted from the PV energy produced before it is delivered
to the grid.

Some inverters already include auxiliary consumption (for example for cooling). This value can
be automatically taken into account.

Warning: if this consumption is already included in the inverter efficiency, it should not be added
here in order to avoid double counting.

It is only taken into account in the simulation if the Auxiliary consumption defined option is
checked.
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Example (100 MW plant)

Auxiliaries energy losses

Auxiliaries consumption defined

—Auxiliaries during operation (day)

Continuous auxiliary loss (fans, etc.) 70.00 | kw
... from inverter output power threshold 100.0 | kw
Proportionnal to the inverter output power IS.O wkw
... from inverter output power threshold 0.0 kw

—Night auxiliaries losses
Night auxiliaries consumption 13.00 | 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.

During the day:

There is a constant power loss (e.g., 72 kW) that becomes active only when the system output
exceeds 100 kW.

There is also a consumption proportional to the output power (e.g., adaptive cooling),
expressed in W/kW.

Both contributions are independent and additive.
During the night:

The nighttime consumption is constant (13 kW in this example). It does not include the
inverter’s intrinsic nighttime loss (defined in the inverter as IL_Night loss).

The total auxiliary consumption (day + night) is accumulated in the variable Aux_Lss.

5.7 Aging

The PV module degradation gives rise to a progressive loss of efficiency, which we will
characterize by a Degradation Loss factor.

The simulation may be run for a specified year of the PV system life and will apply the
degradation for this year. The degradation means a decrease of the PV array yield. It may
sometimes have some "positive" effect on the full system behavior, which may lessen a little bit
the degradation effects. This may be namely a diminution of the overpower losses when the
inverter is strongly undersized.

The Manufacturer's warranty should be understood as alower limitforany 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 guaranteed 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
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modules manufactured in the years 80-90, with old technologies). Long-term degradation rate
measurements are relatively scarce.

Moreover, not all modules will degrade to the same extent. If there is a distribution of degradation
rates around the average, this will lead to additional mismatch losses, which increase over time.

In PVsyst, you can specify the RMS value (standard deviation) of this distribution (assumed to be
Gaussian), and the program will evaluate the resulting mismatch as a function of system age.
This calculation is performed using a Monte Carlo method (based on a large number of random
distributions), with the following assumptions:

e The degradation rate of each module is assumed to be constant over the years.

e Thedistribution is limited to 2 sigma (95% of values), as larger deviations would result in
very high mismatch losses.

—Uses degradation in the simulation

—Parameters in simulation
77T """ T T T 7T T T
Simulation for year no |10 100 Use in simulation |
Individual PV modules: = %
Global degrad. factor 380 | % g 90 _
Mismatch degrad. factor |1.42 | % g Basic degradation
& el With annual increasing mismatch n
Model e [lodule warranty
—PV module aging parametel 70 ] ] ] ] ]
Aver. degradation factor |0.40 % fyear v 5 10 Y1 s 2 25 0
ear
Imp { ¥mp contributions [0 ||20 %%
Imp RMS dispersion [0.40 %o fyear @® Efficiences
mp RMS dispersion |0.40 %ofyear Shaw this plot on the report Losses
- I
Store the Monte Carlo values —Used for this evaluation——— —Module warranty
—Monte-Carlo values d d
Mismatch 5 years 0.15% rSub-array Year 0  Wwarranty |38.0 | %&Pnom
Mismatch 10 years 1.42% 15 Modules in series Year |10 | Warranty (910 | % 8 Linear interpal.
Mismatch 15 years 2.12% 2 strings in parallel Year |20 | Warranty |84.0 | %[ Linear interpal
" ] .
Mismatch 20 years 2.44%; "
Mismatch 25 years 4.33% —Monte-Carlo calculation———————— Year |25 | Warranty |30.0 | % Pnom
) 100 Trials Average  -0.72%vyear
Keeps calculated Mismatch values 10 years Random evaluation ram The initial derate value (usually around
. i
| read modd | 1.42% Awer. Mismatch loss B curve -3%) may corresponds to the LID or initial
=ZHILTLs 1.19% Mismatch loss RMS Steps tolerance.
| '-'.] Save as model |

You can choose to check the Keep calculated mismatch values option to ensure that the same
Monte Carlo-generated values are used in each simulation. You can also save them as a
template and apply the same random distribution to other projects.

These parameters allow for a realistic representation of the PV array performance over the
system lifetime, as well as the progressive increase in mismatch losses between modules.

In practice, average degradation rates between 0.3%/year and 0.5%/year are commonly used.
The RMS dispersion on current (Imp) is typically in the range of 0.3%/year to 0.6%/year, while
the RMS dispersion on voltage (Vmp) is generally lower, often between 0.1%/year and
0.4%/year.

Default values are suitable in most cases and should only be modified for specific analyses or
when field data is available.

5.8 Unavailability of the System

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

—Unavailability of the system defadit —Unavailability periods
efau
Unavailability time fraction  |2.0 %o 9 Beginning Date [ Hour duration

Unavailability duration  {7.30 days/fyr

28/01f1990 | [14:00: 58 hour

Mumber of periods |3
I7M06/1990 | @100 58 hour
25/10f1990 | [J1:00: 58 haour

¥ set Random

5.9 Spectral correction

The First Solar spectral correction model accounts for variations in the solar spectrum caused
by atmospheric scattering and absorption. These variations depend on factors such as water
vapor content, aerosols, and the optical path length, quantified by the Air Mass. Since different
photovoltaic technologies have distinct spectral responses, spectral corrections can influence
performance modeling.

PVsyst offers the option to apply the spectral correction model developed by First Solar. Although
this model is particularly relevant for First Solar modules, users may choose to apply it to other
technologies at their discretion.

Please note that, to use this correction in the simulation, the meteorological data must include
precipitable water and relative humidity. PVsyst implements several models to describe
spectral correction:

¥ Use speciral correction in simulation' 7 ]

—FirstSolar model

According to PV module technology

Ci: 0.8531400 Coeffident Set Dafa i+

Monocrystaliine Si

C1: -0.0208800

C -0.0058853 Weather data  Relative humidity is available in the weather data
input variables. It will be used to estimate the precipitable

C3h 0.1202500 water column

C: 0.0268140 PV modules PV module model: Mono 440 Wp Twin 144 half-cells

C5: -0.0017810

NB: This model has been proposed by First Solar. It is mainly applicable for the CdTe d
technoloagy.

Pysyst dossn't accept any liability about its results for other technologies.
We consider that the spectral dependency of crystaline and CIS technologies is extremely low, and doesn't
necessitate a correction,

If the spectral correction is used in the simulation, this will be mentioned on the final report. The
system summary will list the set of coefficients that was used, and the loss diagram will feature
a contribution called 'spectral losses'.

5.10 Losses graph

To visualize the impact of losses on the I/V behavior of the PV system, click on Loss Graph
located at the bottom of the detailed losses settings window. This will open a new window titled
PV Field Behavior for Each Loss effect. In the new window, at the top right, you can define the
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external conditions of the array. In the field below, select the type of loss you wish to display. The
red curve indicates the nominal conditions, representing the upper limit of the system's
performance. For each selected loss, a curve in a different color will appear.

¥ PV Array behaviour for each loss effect

- . B ons————————————
Champ capteurs, Mono 440 Wp Twin 144 half-cells de Generic Prgal L
24 panneaux en série, 48 chaines en paralléle Irradiance Wim2
500 T T T T T
! ! ! ! ! Incidence Angle =
Beam / Global m B
a0l ] Ambient Temper, @ o
Wind Velocity mfs
300 | — —Loss effect
g_ Nominal conditions (25°C)
=
E Module quality loss
G 200 Array mismatch
Array losses for 800 Wim® Incidence Angle effect
Tmod. =25°C, Pmpp array = 405.4KW Temperature effect
—— Module Quality Loss: loss -0.4% Wiring Ohmic Loss
1ok —_— r.|ndule. Mismatch 2.0 l‘@STC: loss 2.9% ] D Serie Diode Loss
—— 1AM (Diffuse, beam 40°) loss 1.65%
—— MWodule temperature = 49.5°C : loss 9.0%
Wiring rezistance ({ 30 mOhm) : los=s -1.3%
Resuttant: Pmpp array = 359.5k1V, Global loss = 11.5% Bl Print I
0 ] I ] I I
0 200 400 500 a00 1000 1200
Voltage [V] —H Close |
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6 Energy management

In PVsyst, energy management encompasses functions related to the inverter temperature,
power factor, grid power limitation, and P50/P90 energy yield analysis. These features
collectively aid users in optimizing and managing the energy performance of photovoltaic
systems in PVsyst.

6.1 Inverter Temperature

Inverters are responsible for converting the direct current (DC) electricity generated by solar
panels into alternating current (AC) electricity for use in the grid. Inverter efficiency decreases as
its temperature rises. Higher temperatures can result in increased losses during the conversion
process, leading to lower AC power output. By precisely choosing the temperature model
approach for the simulation of the inverter temperature, you can more accurately estimate and
evaluate the inverter's efficiency, system performance, safety and reliability. The inverter’s
temperature profil and evalauation for limits can be found in the PVsyst inverter file (.OND file)
under Output parameters tab.

Maximum AC Power f(temperature)
Nom. AC Power 12.0 kvA upto |50 | °C

Allows overpower

Max. AC Power 14.0 kVA atf2s |°c
High temperature limitation

power limit #1 9.0 | kWac  at (60 | °c

Power limit abs. 140 |kwac at | |=°C

T T
m=12.0 kVA
= 10} A
et L
.
T 8 \ 3
] | N\
= N\,
2 &} T
4-_ N .
2 -
0- | 1 L L " 1
20 30 40 50 60 70 80

Temperature [*C]

In the simulation, by default the inverter temperature is the external ambient temperature
(outdoor installation). This strategy can be modified in Inverter Temperature page in the Energy
management.

The reference inverter temperature may be specified in the output system parameters by:

e Ambient external temperature, the usual parameter admitted by manufacturers for
outdoor installation.

¢ Ambient external temperature + specified shift
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e Fixed temperature + linear increase proportional to the power (represented by the
incident irradiance). This could be used for indoor inverters and not perfect cooling
installation.

Inverter temperature for PNom evaluation

(® External ambient temperature (outdoor installation) v

External ambient temperature with shift

Fixed temperature (Indoor)

=== temnerat B pl=

6.2 Power Factor

Power factor control in PV systems is a critical aspect of modern grid management, as it helps
optimize the interaction between solar energy production and grid stability.

In alternating current (AC) circuits, power can be understood in three distinct forms: active
power, reactive power, and apparent power.

e Active Power (P,tive): This is the real power that performs useful work, such as
producing movement or heat. It is the power that directly translates into energy
consumption, measured in kilowatts (kW). In an AC circuit, active power is calculated
by multiplying the effective values of voltage and current, and then multiplying by the
cosine of the phase angle (¢) between them:

Pactive = eff * Ieff * cos(¢)

o Reactive Power (Pr.qctive): This is "virtual" power, representing the energy temporarily
stored and released by inductive (motors, transformers) or capacitive devices. Reactive
power, expressed in kilovolt-amperes reactive (kVAr), does not contribute to actual
energy consumption (no heat or movement is produced). It is calculated using the sine
of the phase angle (¢):

Preactive = eff * Ieff * sin(@)

e Apparent Power (Pgppqrent): This is the combined effect of both active and reactive
power. It represents the total power flowing in the circuit, measured in kilovolt-amperes
(kVA), and is the product of voltage and current, irrespective of their phase difference:

Papparent = Ueff * Ieff

The relationship between active and apparent power is quantified by the power factor (PF), which
is simply the cosine of the phase angle (¢). Power factor is crucial because it indicates how
efficiently electrical power is being used:

2
PF — COS((p) — active
Papparent
In photovoltaic systems, inverters convert the direct current (DC) from solar panels into
alternating current (AC) for grid integration. With modern inverter technology is possible to
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controlthe phase angle between voltage and current. This allows the inverter to generate reactive
power without additional energy consumption. By adjusting the phase shift between voltage and
current, PV systems can support grid needs for reactive power without compromising their active
energy production.

Reactive power plays an essential role in compensating for the reactive loads, typically
introduced by motors or transformers in the grid. This compensation is often a requirement set
by grid managers to maintain grid stability. By adjusting the phase angle (@), inverters can either
"absorb" or "generate" reactive power, depending on the needs of the grid:

Mirtual

“power”

Apparent
"power" Reactive

"power”

Phi (phase shift)

Active power "Real” power

Lagging reactive power: When the current lags behind the voltage, with a positive phase angle,
@ > 0. Defining a lagging PF in your inverter means the inverter will inject reactive power into the
grid to help compensate for reactive power demand of inductive loads such as motors and
transformers.

Leading reactive power: When the current leads the voltage, with a negative phase angle, ¢ <0.
Defining a leading PF in your inverter means the inverter will absorb reactive power from the grid
(or “consume” it), helping to counterbalance the excess reactive power generated by capacitive
loads.

When inverters are required to produce reactive power, it does not affect the active energy output
directly. However, depending on whether the inverter’s nominal power (PNom) is defined as
active power (kW) or apparent power (kVA), the inverter’s capacity to handle overloads may be
affected. If PNom is based on apparent power, the maximum available active power will be
reduced by a factor of the power factor:

PNom(active) = PNom(apparent) * COS ( (P)

Grid operators may impose power limits based on either active or apparent power. If the limit is
set on apparent power, PV systems will need to adjust the power factor to comply, potentially
reducing the amount of active energy delivered to the grid.

When the power factor decreases (i.e., more reactive power is produced), the current in the
system must increase to maintain the same level of active power. Since ohmic losses in cables
and transformers are proportional to the square of the current, this leads to higher energy losses
in the system:

Ieff(active)

! = “cos (@)

eff(apparent) —

In PVsyst simulations, the power factor is an adjustable parameter, typically fixed for a given
period or specified monthly. The simulation results focus on active energy (in kWh), but when a
power factor is defined, the apparent energy (in kVAh) is also calculated:

E Grid

Ecriaapp = 05 (@)
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The apparent energy will always be greater than the active energy due to the inclusion of reactive
power.

—Power factor (Cos{phi))

Use Power factor for grid injection

Power factor = Cos( Phi) Leading

Tan (phi) (yvearly) |0.329 ® Lagging

Define monthly values 7]

—Inverter PNom limitation mode
Limitation mode according to the inverter spedfications:

Inverter PNom limit defined as apparent power

Mom mode derogation (not recommended)

Limit forced as apparent power [kvA]
Limit forced as active power [kW]

The nominal power rating of inverters may be an active power or apparent power:

e Inthe case of active power rating, reactive energy does not come at the cost of active
power.

o Inthe case of an apparent power rating, reactive energy may come at the cost of active
power, when close or at the maximum power threshold.

Force as apparent/active power" will force all inverters to operate under this conditions. This
means that inverters may not operate like in the datasheet anymore.

This has been kept here for compatibility with old versions <7.3.3, and for possible tests. It is
not recommended.

6.3 Grid Power limitation

To maximize energy production, one strategy is to over-size the PV installation, accepting some
energy losses during peak production hours (peak-shaving). The grid limitation feature in PVsyst
allows you to set limits on the power that your PV system injects into the grid, based on
requirements from the grid manager. This is often needed when grid operators request a
maximum limit to prevent overloading.

The power limitation must occur at the inverter level by adjusting the operating point on the PV
array’s I/V curve to produce only the necessary power. The inverter will ensure that the power
output matches the grid’s required limit.
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Power limitation
+4 Uses grid power limitation L7
Grid power limitation |6.00 kw
Actual installed AC Power 7.50  kwac
MNominal Array PV Power 9.00 kwp
Grid power ratio 1.500
® Limit applied at the inverter level
Limit applied at the injection paint

Account as separate loss

—Specified Power factor

Limit in apparent power
® Limit in active power

Leading
0.329 ® Lagging

In the Power limitation dialog, you can define one value for the grid limitation that will be applied
throughout the year. The limitation may be defined:

e either at the inverter level: the inverter power is limited to the rated value, and the power
injected into the grid is further reduced by the losses defined after the inverter (auxiliaries,
AC wiring, transformer).

e oratthe injection point level: the maximum power delivered to the grid is indeed the rated
limit, the inverter will have to deliver a higher power for compensating the losses after the
inverter.

This limitation may be required:
e either as active power (expressed in kW),

e or as apparent power [kVA]: in this case the effective active power [kW] is limited at a
lower value than the apparent power limit [kVA]. The Cos(Phi), specific for the grid
limitation, may be specified in yearly or monthly values.

The excess energy will be accounted as "Inverter loss over nominal power" or when checking
"Account as separate loss", the results will show separately the loss due to the inverter limitation
itself, and the loss (named EUnused) due to the additional condition of grid limitation. This does
not correspond exactly to the physical behavior of the system, which will always clip at the
inverter level, but it is meant to show explicitly the part of the clipping losses due to the injection
limitation.

6.4 P50 - P90 Estimation

The P50 - P90 evaluation is a probabilistic approach for the interpretation of the simulation
results over several years. This approach supposes that over several years of operation, the
distribution of the annualyields will follow a statistical law, which is assumed to be the Gaussian
(or "normal") distribution.

The normal/gaussian distribution describes the tendency for data to cluster around a central
value, this value is the mean. Some data will then fall below the mean and other above the mean.
The standard deviation Sigma describes the spread of the normal distribution. The larger the
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Sigma, the more spread out the distribution will be. And the contrary, with a smaller Sigma, the
distribution is less spread out, accumulating more data near the mean.

The P50-P90 is a probabilistic approach. Itis

based on several hypothesis which require some . Probability distribution
decisions of the user. 0.50 T T T T T
cE. —
~Weather data variability 043
Datasource  Meteonorm 8.1 (1996-2015) 0.40 E
Synthetic a5 E
Kind of data |Monthly averages z 030 E
Climate change 0.0 ‘ % g 0.25 E
Annual variability 7] 35 | % - 920 E
: 0.15 3
Simulation and parameters uncertainties 0.10 E
PV module modeliing/params (.00 | % 0.05 3
| 0.00 -
rieter ey 0.50 | % 10000 10500 11000 11500 12000 12500 1300
Soiling, mismatch 1.00 { % E_Grid system production kWh
Degradation estimation 100 | % Resulting estimation Show
‘ . Variabiity 453 kwWh L7 @® Probability
|Custom variability \ 0.00 |% PSO 11497 kWwh Distribution
Resulting ann. variability (sigma) 394 % ?L P30 10916 kWh —Estimations expressed in——
c 95 Pas 10752 kWh @® active energy
~Display on report - ) apparent energy

Show P50-Pxx page on report

(") Show P50-Pxx values on main results page

The P50-P90 evaluation of the energy yield potential of a site, represent a statistical level of
confidence for which the probability that the production of a particular year is over this value is
50%, resp. 90%.

The annual variability will be dominated by the weather year-to-year variability. Several weather
data providers can now deliver multi-year weather data (sets of 15 to 25 years), that you can
directly import in PVsyst (for example SolarGIS, 3-Tiers Vortex, Soda-Helioclim, or other). If you
avail of such weather data for your site, you can calculate the RMS of the annual Globlnc
distribution. You have a tool for doing this in PVsyst: please use "Databases > Compare Weather
Data", and choose the corresponding .MET files for different years. You have an option "Histo and
Probabilities" which shows the gaussian distribution, average and RMS.

If the data are representative of an average over several years (like monthly averages or TMY), the
result of the simulation can be considered as the average, and corresponds to P50 (mean value
of the Gaussian). If the data are for a specified year, these cannot be considered as
representative of the P50 value. In absence of further information you cannot determine a
reliable P50-P90 indicator. But if you have some information about the usual average of the site,
you can introduce an estimation of the deviation of this particular year with respect to the
average.

Additional uncertainties in the simulation process could eventually be taken into account. These
deviations should represent random variability of the uncertainty from year to year, not absolute
uncertainty.

The P50-P90 statistical estimations are based on yearly values. P90 for hourly or daily values (or
even for monthly accumulations) doesn't provide meaningful results due to the high variability of
short-term weather patterns.
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7 Self-consumption

The self-consumption in PVsyst allows users to assess how much of the solar energy generated
by the PV system is consumed locally within a specific building or facility. This analysis helps to
understand the proportion of their electricity needs that can be met by solar energy. This type of
system is connected to the grid, and any excess energy can be fed back into the grid when it is
not being consumed by the user.

There are various options to define the load profile:

e Fixed constant consumption is the most straight forward method to define the user's
needs. You simply specify a constant power or yearly energy.

e Monthly values allow you to define monthly averages, which the simulation will treat as
constants throughout each month. There is no daily modulation.
- Values are defined using the graphic tool in the "monthly values" tab.

o Daily profiles allow users define hourly values that can be modulated according to 4
different profiles:

o Constant over the year: The same profile is used throughout the year

o Seasonal modulation: Different daily profiles for each season

o Monthly normalization: where a daily profile can be defined for each month

o Weekly modulation: Separate daily profiles for "working days" and "weekends."

o Probability profiles allow you to establish the probability that you will consume a
certain level of power

o Household consumers provide a list of common domestic appliances, including unit
power and daily usage duration.

e Load values from a CSV hourly/daily file to define custom load profiles. You can
select a template from a predefined list, which can be rescaled to match your specific
consumption needs or upload your own profile, following the required format.

o The first column should contain the date. For sub-hourly data, PVsyst will
automatically convert it into hourly values for the simulation.

o The date format mustinclude the day, month, year, hour, and minute.

o The second column should contain the load values, with the unit specified in the
second row of this column.

o The file must be a CSV format with semi-colon delimiters.

Important: the CSV file must be based on a 365-day year (February with 28 days). Using a leap
year may cause errors in the interpretation of profiles in the simulation.

By running the simulation, results will be obtained for the unused energy injected into the grid,
the energy consumed by the user, and the energy drawn from the grid, representing the energy
required when production is insufficient, for example during the night.

») ST
% I VSY&'-I PVsyst SA - Grid Connected Systems - User’s manual Page 48

FHOTOVOLTAIC
SOFTWARE



8 Storage

The battery storage implementation in PVsyst includes 4 storage strategies:
¢ Increased Self-consumption

e Energy shifting consists of storing part of the PV energy available during the day and
releasing it later.

e Peak shaving, when the grid-injection power is limited

o Weak grid recovery, for ensuring an electricity supply when the grid is failing.

Each of these strategies have different constraints.

e Self-consumption and Weak grid recovery : These modes require a detailed hourly
load profile of the user’s consumption. For weak grid support, a grid availability
schedule must also be defined. Depending on the configuration, the injection of excess
PV energy into the grid may or may not be allowed.

e In both strategies, the battery never feeds the grid. It only starts charging when PV
production exceeds the instantaneous demand.

o Peak shaving and energy shifting: these strategies are focused on interaction with the
grid and do not depend on a user load profile. The timing of battery discharge varies
depending on the chosen strategy, electricity costs, or optimization objectives.

The sizing of the PV array and the storage system—based on energy needs, load profile, and
electricity prices—remains a complex task and is highly dependent on the selected strategy.
PVsyst only provides simplified guidelines to support this process.

8.1 Battery pack

This battery pack definition window is identical for the different storage strategies available in
PVsyst.
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¥ Grid system with storage management

—System kind - Storage strategy

Self-consumption A
[ (@ Self-consumption | 0
Storage pack | Self-consumption
—Specify the battery set:
Sort batteries by ® voltage O capacity ) manufacturer
[ _Generic | |28y 180 Ah Li LFP Battery module Li-Ton, 26V 180 Ah  Since 2017 PVsystSA |
|Liﬁ1ium-ion \/l The selected battery is a module
: [ modules in series Number of modules 200 Battery pack voltage 256
@ > [ modules in paralil Mumber of elements 92800 Global capacity (C10) 3600 Ah
Stored energy (80% DOD) 737 kWwh
100.0 | % Initial State of Wear (nb. of cycles) Total weight 11000 ka
100.0 : % Initial State of Wear (static) Nb. cydes at 50% DOD 3125
: 94 Initial State of Charge Total stored energy during the battery life 1459.8 MWh
System information
—Operating battery temperature PV array Priom 507 kip
PV array daily production (summer clear day) 3.58 Mwh
Temperature mode |FiXEd (air-conditioned) hd Maximum user's power 165 kw
Average daily user's needs 1.92 MWh
Fixed temperature EI C

This battery pack represent about :
The battery temperature is important for the ageing of the

battery Charging Time during full sun conditions 1.4 hours
An increase of 10 *C divides the “static” battery life by a factor Discharging under average load 8.6 hours
of two Discharging under maximum load 4.2 hours

Q System overview x Cancel | I / Ok

The first step is to select a battery model from the database. Once the modelis chosen, the pack
configuration must be defined by specifying the number of modules in series and in parallel,
which determines the system voltage and total storage capacity.

Initial battery state

Several parameters are used to define the initial state of the battery pack:

e Initial state of wear (hnumber of cycles):

Represents battery aging due to usage. A value of 100% corresponds to a new battery,
while a lower value simulates a battery that has already undergone a certain number of
charge/discharge cycles.

e Initial state of wear (static):

Corresponds to calendar aging of the battery (independent of cycling), mainly related to
time and storage conditions. Again, 100% represents a new battery.

e Initial state of charge (%):

Defines the battery charge level at the beginning of the simulation. For example, 50%
means the battery starts half charged.
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Operating temperature

Itis also possible to define the operating temperature of the batteries. The battery temperature
is used in the aging model of the battery. An increase of 10°C in the operating temperature
reduces the "static" battery life by a factor of two.

On the right side of the battery configuration, you can see several figures that summarize the
properties of the battery pack.

e The Battery pack voltage will be rounded to an integer value.

o The global capacity (C10) of a battery refers to the battery's total energy storage
capacity when discharged over a 10-hour period. In this context, "C10" indicates the
amount of energy in ampere-hours (Ah), the battery can supply continuously for 10
hours before its voltage drops below a specified threshold. This value helps
characterize the battery's performance under a moderate discharge rate, commonly
used for evaluating storage systems.

e Stored energy at 80% depth of discharge (DOD) refers to the amount of energy that
can be drawn from a battery when it is discharged to 80% of its total capacity. In this
context, the term highlights the battery's usable energy when 80% of its capacity is
utilized, leaving 20% as reserve. The state of Charge (SOC) can be defined in the next
window. If you change the Minimum discharge (OFF) from the default value of 20%, the
DOD in the storage pack window will adapt accordingly. For Lithium-lon batteries the
charging cycle should never be 100% DOD, since a deep discharge or an overcharge
reduce the battery lifetime or can even cause irreversible damage.

o The total weight is also displayed for information, to give a rough idea of the physical
size of the battery.

e The next line shows the number of cycles that can be performed at 50% Depth of
Discharge, before the battery reaches the end of its life.

e Finally you can read off the total energy that can be stored over the battery lifetime.

In the System information box, you find additional information about your defined system as
well as some estimation about the behaviour of the battery pack.

8.2 Self-consumption with storage

The self-consumption strategy with storage has the objective to increase self-consumption by
storing excess energy, that can be consumed when the production is not enough to fulfill the
users need. Excess energy from PV generators can also be injected into the grid when the
batteries are fully charged, but in this strategy, the energy in the batteries will only be for self-
consumption and will never be injected into the grid. The load profile must be defined
beforehand, and the battery charging will start as soon as there is an excess PV generation.

By default, PVsyst set up the battery state of charge thresholds for maximum charging and
minimum charging such that when the battery attains 95 percent of his capacity, we will stop
charging and we will discharge, after 20 percent of his capacity, we will stop discharging.

In Operating conditions, we can read an explanation on how batteries will be charged and
discharged. Also, you have the option to allow or not to inject solar energy to the grid.

In Battery input charger, PVsyst suggests a default value of the maximum charging power based
on the possible charging power at maximum irradiance value and charging time during full sun
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conditions. Increasing the Maximum charging power will reduce the time of full charge duration.
The battery should not charge too fast: for Lithium-lon batteries, a full charge in 1 hour is the
minimum reasonable to not compromise the lifetime of the battery. The possible excess power
will be injected into the grid. By default, PVsyst sets the maximum discharge power based on the
load profile predefined in self-consumption. In order to optimize the lifetime of the battery,
please referto the datasheet to know the adequate discharge time without damaging the battery.
If you for instance reduce your discharging power and increase the discharge duration of the
batteries, when you need more power, your system will take it from the grid.

¥ Grid system with storage management

—System kind - Storage strategy
| Autoconsammation |
‘ (@) Self-consumption ‘ 7 ]

Storage pack | Self-consumption

Battery SOC threshold —Operating conditions
) ) Charging: When excess solar power is available
Maximum charging (OFF) % Thie power may attain the PV array power, minus the
user's consumption at this time.
Minimum discharging (OFF) EI %
Discharging: As soon as the user needs power
The power can reach the maximum capacity requested
by the user, particularly at night
Allows solar injection into the grid
—Battery input charger —Inverter Battery to user's consumption
Max. charging power k' Max. discharging power 3]
=2 Full charge duration 1.7 hours == Full discharge duration 4.5 hours
Info: PV array Pnom 507 kWp Info: Max. user's power 164.7 kw
Max. output power (dear sky) 439 kWac AVErage user's power 79.9 kw
Maximum efficiency 97.0 % O Maximum efficdency 97.0 % O
EURO efficiency (equivalent) 850 % O EURO effidency % [

x Cancel | ‘ / OK

‘ q System overview

8.3 Power shifting

This strategy consists of storing part of the PV energy produced during the day in order to release
it later, during periods when electricity tariffs are higher.

Principle: The user defines charge and discharge time windows and power levels. Energy
is stored during the day and then released during high-tariff periods or upon request from
the grid operator. No local consumption is considered: the operation is similar to “peak
shaving.”

In the presence of injection limits, excess PV energy exceeding the allowed threshold can be
diverted to the battery, giving the system a partial peak-shaving function. This strategy is mainly
intended for large-scale grid-connected installations to optimize energy valorization. It does not
yet handle self-consumption in PVsyst.
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The economic viability depends directly on the difference between peak and off-peak tariffs, as
well as on the actual cost of stored energy.

Charging and discharging strategies: Three charging strategies are available and can be
defined on a daily or hourly basis:

o Fraction of PV production: a fixed fraction of the available PV power is directed to the
battery.
Note: the fraction is applied to the nominal production EArray, not to Eoutinv.

¢ Fixed charging power: the battery is charged at a constant predefined power. Any excess
PV production, if available, is injected into the grid. If PV production is lower than the
setpoint, all produced energy is sent to the battery, but the target power will not be
reached.
Note: losses apply; for example, sending 50 kW to the battery implies losses, and the
actual stored energy will be slightly lower.

e Fixed export to the grid: a fixed power is injected into the grid, and any excess PV
production is used to charge the battery. If PV production is lower than the fixed export
power, all energy is sent to the grid, but the target export will not be reached.

The table below illustrates (without losses) how PV power is distributed between the battery and
the grid for each strategy. This distribution assumes that the battery can accept charge; when it
is full, any excess energy is sent to the grid.

Note: charging is also limited by the maximum charging power of the charger.

Fixed grid export: 100 | Fixed charging: 100 | Fraction: 40%
PV Production kW kw
[kW] . . .
Grid Battery [kW] | Grid Battery Grid Battery
[kW] [kW] [kW] [kW] [kW]
50 50 0 0 50 30 20
100 100 0 0 100 60 40
150 100 50 50 100 90 60
300 100 200 200 100 180 120

Note: The “power shifting” mode is compatible with grid limitations. The fixed export strategy
can be used as a peak-shaving mechanism.

Two discharge strategies are defined to control when and how the battery releases the stored
energy:

e Specified hours: the battery discharges at a fixed power during the selected time
periods. Different discharge power levels can be assigned to different time slots.

e During the night: the battery discharges during nighttime, with night hours determined
from the meteorological (.MET) data used in the simulation. During dusk and dawn, the
battery discharges for the corresponding fraction of the hour after sunset.
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Procedure and sizing

e Define charging conditions: select the charging periods (hourly or half-hourly) as well
as the associated strategy:

o either afraction of the available PV production,
o or afixed charging power.
Charging fractions or power levels can be defined for each time interval.

For sizing purposes, PVsyst displays the expected charging energy during a clear summer or
winter day, providing a reference for sizing the battery system.

o Define discharging conditions: similarly, select the discharging strategy, the discharging
periods, and the corresponding power, which can be fixed or variable depending on the time.

For sizing purposes, the daily discharge energy should be close to or greater than the charging
energy in order to ensure a complete daily cycle.

—Charging strategy —Discharging strategy
Fixed charging power before exporting v d Specified hours R
® Daily profile Defined from a file ® Daily profile Defined from a file
Fixed charging power |5.00 MY Average discharging power |3.00 MM
® Sfumtmer Charging energy for a dear day 32,00 MWh Possible discharging energy per day 36.00 MWh
Winter
Define power per hour 12H 12-13h [0.00 | 18-13h D00 | mw

13-14h (0,00 19-20h |3.00  |MW

Time range 14-15h |0.00 20-21h |3.00 MW
Marning 15-16h |0.00 21-22h |3.00 M
® Afternoon 16-17h |0.00 22-23h|3.00 M

17-18h |0.00 23-24h|3.00  |MwW

e Battery pack definition: in the “Battery pack” tab, select a battery model and define
the number of cells/modules in series (operating voltage to match the charger/inverter
requirements) and in parallel (storage capacity).

e Sizing: the battery size depends on the amount of energy to be stored during the day for
later use (for example in the evening). This sizing results from an economic trade-off
between storage cost and the associated benefits. Optimization typically involves
running several simulations to compare tariff differences (direct kWh vs. stored kWh
over the battery lifetime) with the cost of the battery system. Since energy shifting is
limited to daily cycles, the battery capacity should not exceed the maximum daily
charging energy.

o Define the maximum charging power: once the battery pack is defined, specify the
nominal charger power in the power shifting tab. The default value is derived from the
charging strategy for a clear day and is limited by the battery’s maximum charging
power. Oversizing should be avoided, as efficiency depends on the operating point
relative to the efficiency curve. The maximum charging power should be higher than the
target charging power, as losses occur.

o Define the maximum discharging power: finally, specify the nominal output power of
the battery inverter. The default value is based on the maximum discharge power
defined in the strategy and is limited by the battery’s maximum power. The maximum
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discharging power should be higher than the target power delivered to the grid, as
losses also occur during discharge.

Grid limitation

Grid limitations (if any) must be applied at the point of grid connection, not at the inverter level. If
the battery is full and the grid limitation is reached, the curtailed energy will be accounted for as
EGridLim. Note that in the peak shaving strategy, this energy is accounted for as EUnused.

Simulation

The battery operates on daily cycles: it is discharged during the night and recharged during the
day according to the selected strategy. After the simulation, energy flows are displayed in the
loss diagram:

~ 0.00% Inverter Loss over nominal Inv. voltage
0.00% Inverter Loss due to power threshold
0.00% Inverter Loss due to voltage threshold
-0.01% Night consumption

Available Energy at Inverter Output

22961012 kWh

-0.86% AC ohmic loss

-1.20% Medium voltage transfo loss
0.00% MV line ohmic loss

-0.84% Battery IN, charger loss
+0.05% Battery Stored Energy balance

Stored Direct use Battery St
24.8% 75.2% attery storage
-1.36% Battery global loss
(5.79% of the battery contribution)
-1.00% * Battery OUT, inverter loss
14872722 16917074 kWh Stored and direct energies

21789796 kWh

** Active Energy injected into grid

7554173 kVARA Reactive energy from the grid, Yearly effective cos(Phi) = 0.945
23062107 KVAh Apparent energy to the grid

e “Stored and direct energies” fraction: portion of the available energy stored in the
battery.

e Battery energy - overall balance: difference between charging and discharging energy
(due to coulombic efficiency, internal resistance, self-discharge, or gassing in lead-acid
batteries). This indicates the round-trip efficiency.

*x o CL_Chrg, CL_InvB: efficiency losses of the charger and the battery inverter.

e Stored and direct energies: energies at the grid injection level. This is the main result for
tariff-based evaluations.

* *

E_Grid: total energy delivered to the grid.

8.4 Peak shaving

If the grid injection capacity is limited by the operator, a battery system can store excess energy
produced during periods of high production and release it when PV production falls below the
allowed injection limit.

In addition, the peak shaving strategy can only be used in combination with a self-consumption
profile.

In the operating mode, you must define a grid power limit as well as a discharge strategy. Four
options are available :
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e The first option, which is also the default, is As soon as power is needed.

—Dperating conditions

Info: PV array Pnom 507 kw

Max, output power {dear sky) 439 MWac

Clear day excess energy BB.9 kwh/day
Grid power limit ke
Discharaing: As soon as power is needed \/l

With this option selected, the battery will start injecting energy to the grid as soon as the
generated AC power is less than the grid power limit

e The second option is after sunset.

—0Dperating conditions

Grid power limit

Info: PV array Pnom 507 kw
Max. output power {dear sky) 439 MWac
Clear day excess energy B8.9 kwh/day

Discharging: After sunzet

\/l

Here, the grid injection only starts when the PV generation has dropped to zero at the

end of the day.

e The third option is from a specified hour.

—Operating conditions

Info: PV array Pnom 507 kw

Max. output power (dear sky) 439 MWac

Clear day excess energy B88.9 kWh/day

Grid power limit kw

Discharging: From a specified hour \/I
Discharge allowed from @ hr

If you select this option, a field will appear, allowing you to input an hour of the day.
Injection from the battery to the grid will only happen from that hour onwards

e Thefourth and last option is during a specified hourly period.
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—Operating conditions

507 kw
439 MWac
B88.9 kWh/day

IDuring a gpedified hourly period vl
o

With this option two fields will appear, allowing you to input specific hours of the day.
The battery discharging will only be possible between these two values.

Info: PV array Prnom
Ma, output power (cear sky)
Clear day excess energy

Grid power limit

Discharging:

Discharge allowed from @ hr

Determine the battery capacity

Choose a battery pack able, ideally, to absorb the maximum excess energy during a clear day. A
smaller capacity may be selected for budget reasons. Run simulations to identify the optimal size
according to the economic requirements, while taking into account costs related to cycle aging.

Define the grid injection power limit

The maximum PV power under clear-sky conditions is displayed in the window. Choose a grid
power limit lower than this value.

—Dperating conditions

Info: PV array Pnom
Max, output power (dear sky)
Clear day excess energy

507 kw
439 MWac
416 kWh/day

I Grid power limit

w |

Discharging: After sunset \/I

Specify the maximum charger power

Define the maximum input power of the charger by subtracting the grid power limit from the
maximum PV power under clear-sky conditions.

Battery input charger

w O
== Full charge duration 8.1 Hours (0.09C)

The charging power should be able to absorb the Power
peaks [ i.e. the Previsible maximum power), minus the Grid
limitation.

Max. charging power

Maximum efficiency %%

%o

0O
0O

[rs]
=~
o

EURC effidency {equivalent)

Define the battery inverter power

The battery inverter power can be lower than the charger power, as discharging may extend over
the night.
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—Battery to Grid inverter

I Max. discharging power 330 ke d
=3 Full discharge duration 2.1 Houwrs (0.36C)
Maximum efficency Q7.0 %%
EURO effidency Q5.0 oy,

When using this strategy, it is essential to define the corresponding battery pack in the storage
settings. Indeed, in order for the excess energy produced—when PV power exceeds the defined
injection limit—to be effectively stored and later released, a battery with appropriate capacity
and power must be selected.

8.5 Weak grid islanding

This option concerns regions where the grid is not reliable (numerous cuts due to load shedding).
This strategy requires the definition of a consumption profile and of a schedule of grid
unavailability.

The PV energy is stored in a battery and returned to the user when the grid is unavailable.
Technologically, this is far from being simple, as the usual solar inverters for feeding the grid
require the presence of the grid for working. There may be several ways for avoiding this problem.

For the energy fluxes

e Whenthe sun power is sufficient for feeding the user's needs, the restis used for charging
the battery. If the battery is full the excess will be injected into the grid if this is allowed,
otherwise this energy will be lost (i.e. the inverter will operate at reduced energy level).

o When the sun is not sufficient (or during night) the user may be fed by the battery.
However we should keep a storage reserve for the case of grid unavailability. Therefore
we have to define a limit DOD for using the energy in any case, and another one for
supplementing the grid when it is down.

o |Incase of grid failure, the switch should immediately open, and the user will be fed by the
sun's energy + battery through the SA inverter.

e The control device should be able to limit the solar inverter's power if the injection into
the grid is not allowed.

You have first to define the grid unavailability. This may be done:

o either by specifying the unavailability fraction of time, the number of periods and the
minimum / maximum duration of each period. Then the program can propose a random
distribution of unavailability periods along the year.

e ordefine an hourly sequence of unavailability for the whole year in a CSV (msExcel) L file.
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”

Grid system with storage management

kind - strategy

Isupport de réseau non fiable

0

Storage pack  Weak grid islanding = Grid unavailability

hours

Minimum duration =
Maximum duration @ ~ hours

Mumber of periods

Random initilization e

Fixing a specific initial value allows to use the same random
series at each execution

A null value will change the random series at each
execution.

l & setRandom I ’ = Export as file |

[ E; Choose €SV file |

Q System overview
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The battery pack capacity is closely related to the user's needs. Ideally, the remaining energy
below the SOC higher level should allow to cover the maximum needs for the longer unavailability
period. You can obviously diminish this capacity, at the risk of feeding failure.

You can choose to define the unavailability as random periods or by reading a file. By clicking on
"Show graph," you can visualize the unavailability periods throughout the year.
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9 Horizon

The horizon line allows the representation in PVsyst of distant shading objects that may block
direct sunlight over the entire photovoltaic system, such as mountains, terrain features, or large
buildings.

This shading is treated as a global and instantaneous effect: when the sun falls below the
horizon line, the direct and circumsolar components of the irradiance are canceled for the
entire PV field. The diffuse component remains partially available.

The horizon should only be used for distant obstacles whose effect can be considered uniform
across the entire installation. For the horizon to be relevant, the shading objects should be
located at a distance of at least 10 times the size of the PV field.

Example: for a field 20 m long, obstacles should be located more than 200 m away.

In the case of very large PV plants, a global horizon may lose accuracy: the angle seen from one
end of the site may differ from that seen from the other. In such cases, it is preferable to model
the terrain in the 3D scene rather than using a single horizon line.

When the horizon includes points higher than 2°, the green LED associated with the Horizon
button is activated.

Horizon line drawing

Plane: tilt 357, azimuth 207
EI:I T T I T ] I ] ] ' L] L] I ¥ Ll I ¥ Ll I T T I T T

Sun heeight [7)

1 20 -5l &0 =30 0 30 &0

Click on the Horizon button to open the site’s solar diagram.
This diagram represents the sun’s altitude and azimuth throughout the year.
Two methods are available to generate a horizon line:
Manual drawing
e Move existing points using the mouse.
e Add/remove points with a right-click.
e Enter Azimuth / Height values directly in the table.

e The Clear horizon button allows you to start from scratch.
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Import an existing profile

e aPVsystinternalfile ((HOR),

e astructured CSV file (Azimuth, Height in degrees),

e ahorizon generated by Meteonorm,

e an automatic horizon via PVGIS or Meteonorm Web.
When importing a CSV file, it is possible to define:

e the north reference angle,

e the rotation direction (clockwise / counterclockwise).

For profiles derived from geo-referenced databases (PVGIS, Meteonorm), it is essential to verify
the exact latitude and longitude.

A precision of 0.0001° corresponds to approximately 11 meters, which can significantly affect
the horizon in uneven terrain.

" Horizon (far Shadings) definition at Oakland CA

®  Read /Import | ‘ wp Save

Comment |H0rizun from PYGIS website API, Lat=37748'10", Long=-122%15'23", Alt=47m

Horizon line drawing - Legal Time Points | Diffuse Factor

Fixed plane, Tilts/azimuths: 15% 20° Mo Azimuth Height[9]
T

T T T T
1:22 June
2: 22 May and 23 July =
3: 20 Apr and 23 Aug
16

12h 4: 20 Mar and 23 Sep
5:21 Feb and 23 Oct 7|
©:19 Jan and 22 Nov
7: 22 December

90 T T

1
2
3
F
5
6
7
8
9

-1
2
n
2

5 5]

Sun height [°]

Q Clear Horizon |

-120 -50 -50 -30 ] 30 50 S0 120

Azimuth [7]

<
‘ QSysbem overview ‘ E Print ‘ ‘ x Cancel ‘ | / oK |

The horizon will then be taken into account during the simulation, and distant shading losses will
be displayed in the report in both table and graphical form.
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10 Near shading

The "Near Shading" window is the main dialog providing access to the 3D editor for constructing
scenes representing nearby shading. This functionality is essential for simulating the shading
impact on photovoltaic (PV) modules, thereby calculating the resulting energy losses.

The "Construction/Perspective" button is the key element for accessing the 3D scene editor. This
allows defining surrounding objects that may create shading, such as buildings, trees, or other
obstacles, to accurately model the PV modules' environment.

" MNear Shadings definition

—MNear shadings 3D scene

Comment Ihucune scene d'ombrage définie I

| = Import |
L Construction [/ Perspective
= Export
—Compatibility between system parameters and shading definitions
Orientation Fixed, Tilt 25.0°, Azim. 20.0° 7] ‘ @, orientations ‘
PV system 3D scene

Mumber of sub-arrays 1 Mo 3D scene defined

PV modules [ tables area 48.8 m2

Mumber of PV modules 30

shading factors—————————

Mo shadings defined for this simulation.
Table
Graph
—Use in simulation lculation mode

(® No Shadings

() Linear shadings

() According to module strings

() Detailed electrical calculation (acc. to module layout)

q System overview Print x Cancel ‘ ‘ J OK

It is important to note that the primary objective of near shading is to precisely represent
irradiance losses due to nearby objects and to help optimize the solar panel installation to
minimize these losses. When defining objects that may create shading, as well as the
topography, it is advised not to get too detailed and avoid spending time drawing every object
precisely. The more detailed the 3D scene, the longer the software will take to calculate shading
on the PV scene. Therefore, it is preferable to keep the drawing simple and representative of the
project to ensure efficient calculations.

10.1 Compatibility between the 3D Scene and System-Orientation

Once the 3D scene is constructed, the program will check this construction’s compatibility with
the previously defined PV system parameters, such as the orientation and layout of the modules.
This ensures a consistent and reliable simulation of losses due to near shading.

In this section, several important pieces of information allow control over compatibility between
the 3D scene and the system definition, as well as orientation.
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" MNear Shadings definition

ear shadings 3D scene

Comment II‘-‘I\r_\riIla_'m_Gene\ra

= Import

= Expart

ompatibility between system parameters and shading definitions |

Orientation [#1: Fixed, Tit 25.0%, Azim. -70.0° | (7] @, orientations
PV system 3D scene
Mumber of sub-arrays 11 Associated 3D tables
PV modules [ tables area 48.9 m2 48.9m2  Size of PV modules 212 x 1.05 m
Mumber of PV modules 22 22
shading factors—————————
[ EH Table
[ Graph
—Use in simulation lculation mode
O No Shadings @F O Slow (simul.) 0
(®) Linear shadings
() According to module strings
O Detailed electrical calculation (ace. to module layout)
Q System overview | ‘ H Print | ‘ x Cancel | ‘ / 0K

First, there is a dropdown list for the different existing orientations. Then, information about the
number of sub-arrays, the surface area of the PV modules, and finally the total number of PV
modaules is displayed.

Regarding the PV module area, the software allows a tolerance for differences between the
system definition and the 3D scene. This tolerance accounts for slight variations that may occur
during the construction of the scene while ensuring consistent surface values.

Finally, the total number of PV modules should be close between the system definition and the
3D scene, with a small tolerance accepted.

10.2 Simulation Parameter

Three parameters calculate shading-related losses:
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" MNear Shadings definition

—MNear shadings 3D scene
Comment II‘-‘I\r_\riIla_'m_Gene\ra I
[ = Import |
" Construction [ Perspective
[ = Expart |
—Compatibility between system parameters and shading definitions
Orientation [#1: Fixed, Tit 25.0%, Azim. -70.0° | (7] [ @, orientations |
PV system 3D scene
Mumber of sub-arrays 11 Associated 3D tables
PV modules [ tables area 48.9 m2 48.9m2  Size of PV modules 212 x 1.05 m
Mumber of PV modules 22 22
shading factors—————————
[ EH Table
[ Graph
—Use in simulation lculation mode
O No Shadings @F O Slow (simul.) 0
(®) Linear shadings
() According to module strings
O Detailed electrical calculation (ace. to module layout)
| ‘ x Cancel | ‘ J oK

Linear shading

This mode only considers the reduction of irradiance on the PV field due to geometric shading,
without accounting for the associated electrical effects (mismatch, bypass diodes, etc.). It
therefore provides a minimum estimate of total shading losses, as additional electrical losses
are not included.

The simulation can be performed quickly by interpolating values from the shading factor table at
each time step, or more accurately—but more slowly—by recalculating the full shading factor at
each step of the simulation.

According to module strings

During the creation of the 3D scene, you can group modules into separate strings. With this
option, a shading factor is calculated for each string, and the electrical losses due to shading are
estimated individually for each string. This provides a more detailed estimation of electrical
effects than a simple linear shading calculation.
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Mear Shadings definition

—MNear shadings 3D scene
Comment |r-1v_villa_'|n_Geneva |
| = Import |
b Construction / Perspective
| = Export |
—Compatibility between system parameters and shading definitions
Orientation [ #1: Fixed, Tiit 25.0%, Azim. -70.0° | 0 | C, orientations |
PV system 3D scene
Mumber of sub-arrays 11 Associated 3D tables
P modules [ tables area 48.9m2 489 m2  Size of PV modules 212 x 1.05 m
Mumber of PV modules 22 22
Shading factors———
| HH Table
| Graph

—Use in simulation

() Mo Shadings ® Fast (table) ) Slow (simul.) 0
() Linear shadings -
; Fraction for electrical effect L % 0

®according to module strings!

() Detailed electrical calculation (ace. to module layout)

QSystem oVErview | ‘ HPrint | ‘ x Cancel | ‘ / oK

To refine the results, PVsyst allows the use of a factor called Electrical effect fraction, which
adjusts the share of electrical losses calculated in the partition model. This fraction can range
from a purely geometric effect (0%) to a fully applied electrical effect (100%). It is used to
adapt the calculation to situations with irregular shading.

Detailed electrical calculation (according to module layout)

Finally, after defining a detailed module layout configuration in the 3D scene, you can perform
shading calculations based on detailed electrical losses. The module layout tool is designed for
accurate calculations of mismatch losses due to shading.

This type of simulation requires a precise description of the position of each PV module in the 3D
scene, as well as the interconnection of modules into strings, consistent with the inverters
defined in the System section. This enables highly accurate modeling of shading effects on each
modaule, including losses due to current differences between strings.

The advantage of this model is that it calculates shading effects on the strings connected to the
inverters and takes into account bypass diodes, which bypass shaded areas and thus reduce
power losses. This model provides a more accurate calculation of electrical losses due to
shading than the partition model.
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10.3 Orientations, table, graph buttons

10.3.1 Orientations

The "Orientation" button opens the orientation management window without having to leave this
window, enabling additional orientation management operations.

" Mear Shadings definition

—MNear shadings 3D scene

Comment |Mv_villa_in_Geneva |

~ Construction [/ Perspective | I il il |

I = Export |

—Compatibility between system parameters and shading definitions

Orientation [ #1: Fixed, Tilt 25.0°, Azim. -70.0° ~ 0 Q, orientations

PV system 3D scene

Mumber of sub-arrays 11 Associated 30 tables
PV modules f tables area 48.9m? 489 m2  Size of PV modules 212x 1.05m
Mumber of PV modules 22 22
Shading facto
| EH Table
| Graph
—Use in simulation lculation
() Mo shadings @ Fast (table) O Slow {simul.) 0

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

QSysEm overview | ‘ HPrint | ‘ x Cancel | ‘ / OK

10.3.2 Table

The Table button enables you to build the shading factor table, which calculates the shading
factor for different directions from which sunlight comes.

This process calculates the diffuse and albedo attenuation factors, which remain the same
throughout the year.

Following this, you can view the Iso-shading diagram and start the simulation.

If you set up a partition in module strings when building your 3D model, two tables will be
generated at the same time: one for the standard "irradiance" or "linear" shading factor, and
another based on the module strings.
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Shading factor table {inear), for the beam component, Orient. #1

Close  Print  Export  Help

—Shor —Plane orientation
3 Recompute Fied Tilted Plane #1: Fixed, Tit 25.0°, Azim. —70.0°
spit O Total @
Shading factor table (linear), for the beam component, Orient. #1

Azimuth|-180°  |-160° |-140° |-120° [-100° | -80° -60° -40° -20° o 20° 40" 60" 80° 100° 120° 1407 160° 180%

Height
90" 0.000 |0.000 |0.000+ (0.000 |0.000 (0000 |0.000 |0.000 (0000 |0000 (0000 |0.000 |0LOO0 (0000 (0000 |0.000 |0.000 (0.000 |0.000
80" 0.000 |0.000 |0.000 (0.000 |0.000 (0000 |0.000 |0.000 (0.000 |0.000 (0000 |0.000 |0.000 (0000 (0000 (0.000 |0.000 (0.000 |0.000
70" 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.OO0 |0.000 (0000 |0.000 |0.000 (0.000 |0.000
60" 0.000 |0.000 |0.000 (0.000 |0.000 (0000 |0.000 |0.000 (0000 (0000 (0000 |0.000 |0.OO0 (0000 (0000 (0.000 |0.000 (0.000 |0.000
50° 0.003 |0.004 |0.000 (0.000 |0.000 (0000 |0.000 |0.000 (0000 (0000 (0000 |0.000 |0.OO0 (0000 (0000 (0.000 |0.000 (0.000 |0.003
400 0.007 |0.036 |0.014 (0.000 |0.000 (0.000 |0.000 |0.000 (0.000 |0.000 (0.000 |0.000 |0.OO0 |0.000 (0000 |0.000 |0.000 (0.000 |0.007
30" 0.007 |0.084 |0.053 (0.004 |0.000 (0000 |0.000 |0.000 (0000 |0.000 (0000 |0.000 |0LOOO (0000 (0000 (0000 |0.000 (0.000 |0.007
200 0.007 |0.174 |0.107 (0.005 |0.004 (0035 |0.035 |0.000 (0.000 |0.000 (0000 |0.000 |O.OO0 |1.000 (1.000 [1.000 |1.000 (0.000 |0.007
10° 0.118 |0.338 |0.226 (0.286 |0.074 (0.187 |0.161 |0.000 (0.000 |0.000 (0.000 |0.208 |1.000 |1.000 (1.000 [1.000 |1.000 (1.000 |0.118
o 1.000 |1.000 |0.817 (0.564 |0.088 (0216 |0.182 |0.000 (0.000 |0.000 (0.000 [1.000 |1.000 (1.000 (1.000 [1.000 |1.000 (1.000 |1.000

Shading factor for diffuse: 0.022 and for albedo: 0.177

The Shading Factor represents the proportion of the PV field that is shaded relative to its total
sensitive area, for a specific sun orientation (where 0 means no shading and 1 means completely
shaded).

Calculating this at every step of the simulation could be time-consuming. To address this, the
program creates tables with pre-calculated Shading Factor values at intervals of 10° for sun
height and 20° for azimuth. These tables allow quick interpolation to determine the Shading
Factor for any direction of sunlight, a method known as "Fast calculation" mode.

It’s possible to calculate the Shading Factor at every step of the simulation to avoid errors from
interpolation, referred to as "Slow calculation" mode. In this scenario, the pre-calculated tables
are not used for determining the shading on the beam and circumsolar components.

10.3.3 Graph

The iso-shading diagram visually represents the shading factor table. It displays contour lines for
specific shading factors, overlaid on the paths that the sun takes through the sky.
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¥ shading Factor Diagrams at Geneva/Cointrin (Lat. 46.24°(N), Long. 6. 11%(E), Alt. 418 m)

Close  Print  Export Curve parameters  Sclar Time Polar coord.  Help

howe lane orientation

® Linear table Fixed Tilted Plane Orient. #1, tilt = 25.0°, azim. = -70.0 g
Modules strings table

Residential DEMO - Legal Time

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

50 T T T T T T T T T T
I | | | | | |
"""" Shading loss: 1% Attenuation for diffuse: 0.022 1:22 June
==== Shading loss: 5% and albedo: DA77 2: 22 May and 23 July
= Shading loss: 10% 3. 20 Apr and 23 Aug
75 | ====- Shading loss: 20% 4: 20 Mar and 23 Sep |
—-— Shading loss: 40% 5. 21 Feband 23 Oct

6: 19 Jan and 22 Nov
7. 22 December

S height [

-U1 20 -80 -50 -30 0 30 60 50 120
Azimuth [7]

Blue lines on the diagram mark the points where the sun’s rays are parallel to the surface.

This diagram provides a concise overview of how shading varies with the seasons and times of
day throughout the year.

The irregular look of the lines is due to the interpolations across discrete calculation points.

Remember that this loss factor applies to the beam component reaching the PV plane. When the
incident angle is high, even high loss factors will act on very low irradiance component, giving rise
to reasonable effects on the overall efficiency.

10.4 Construction/Perspective, 3D scene

Clicking on the "Construction/Perspective" button opens a new window where the 3D scene is
located.
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" Mear Shadings definition

—MNear shadings 3D scene
Comment |Hv_villa_in_(;eneva |
%  Import |
= Export |
—Compatibility between system parameters and shading definitions
Orientation [ #1: Fixed, Tiit 25.0%, Azim. -70.0° | 0 I Q, orientations |
PV system 3D scene
Mumber of sub-arrays 11 Associated 3D tables
P modules [ tables area 48.9m?2 489 m2  Size of PV modules 212 x 1.05 m
Mumber of PV modules 22 22
—Shading factors————
HH Table
Graph
—Use in simulation lculation mode
() Mo Shadings ® Fast (table) ) Slow {simul.) 0
® Linear shadings
() According to module strings
() Detailed electrical calculation (ace. to module layout)
Q System overview | ‘ H Print | ‘ x Cancel | ‘ J oK |

To begin, there are several strategies for creating a 3D scene in PV.

First Strategy: You can create your PV tables as well as objects that will cast shadows on the PV

tables.

Second Strategy: You can import a 3D scene created with another software. The following
formats are supported for import: 3DS, DAE, PVC, H2P.
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Shading scene construction

File Create 5Select Edit Transform  View Tools Help

' Mew scene Ctrl+M Y. F F =7
o W g};K._T K‘_T T—DY 6\ 6\"0\‘@
Read scene Ctrl+ 0 : i

Point of view Zoom
Read building ;
Read cbjects Zenith
= lmport > @ Import a 3D scene (305, DAE, PYC)
: Export scene (SHD) Ctrl+5 | ner Import a Helios3D file (H2P)
Export selected ohjects (SHO) rso|  Import ground data (C5V, TIF)

B Save scene view > B Impera ground image

e Print Ctrl+P B Download a satellite ground image and/or ground data

¥ Cancel Ctrl+C I

+" Close scene Crl+W

Third Strategy: This involves combining the first and second strategies. You can import a PV
scene and then modify it in PVsyst by adding additional objects that may create shading.

It is also possible to import a topography with a satellite image of your site specified in the
"Project" section.

10.4.1 File menu

Several actions are available:

New Scene: Allows you to create a new
scene by clearing the previous one.

Read Scene: Loads a previously exported
scene using the "Export Scene" function.

Export Scene: Allows exporting the entire
scene to save it for future projects.

Export Selected Objects: Exports the
selected object for later re-import.

10.4.2 Create Menu

Read Building: Loads a building exported
with the "Export Selected Element" function.

Read Object: Loads an object exported with
the "Export Selected Element" function.

Save Scene View: Saves the scene view to
record it as an image.

Print: Prints the 3D scene.

The "Create" menu is divided into two main sections:

Object Creation

The first section is dedicated to creating different scene objects. PVsyst allows creating a variety
of 2D and 3D objects to represent elements like buildings, trees, roofs, and other architectural
obstacles. You can choose from a library of basic objects (2D and 3D shapes, construction
elements) and assemble them to build more complex objects. It's also possible to customize the
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terrain topography by creating specific ground objects. Created objects can be adjusted in terms
of dimensions and position to fit your PV installation layout.

In the shape type, several models are available:

First, there are surface models, which are simple, elementary 2D shapes, and surface models,
which are elementary 3D models.

House + 2-sided roof
House, asymetric roof
Roof-ike - diedre
1-zided roof + gables
2-sided roof + gables

Triangle _ Parallelepiped 4-zided roof
II:“S::;;IeslTr_l?nglel Square Pyramid Mallnsard .

deﬁ:glz nangle Triangular Prism _'T_”S’T' - chimney
Trapeze Hexagonal Prism C;Ebﬁe

Regular polygon Dct-:_lgnnal Pr'_sm Handrail one crossbar
Pseudo-drde sector Portion of Cylinder Handrail two crossbars

In this list, the construction objects are basic, with trees being a useful model example.

Lastly, there are special shapes like a wind turbine

e M s2Baeat |eede (90 |4 A
History Selec.. Point of view Zoom Render Measure View options
: Object definition

L Z

—Parameters
MName

I'l.'rmd turbine |
Shape type
Windubne |4

Stand height

Stand lower diameter
Stand top diameter
Blade full length
Blade small length

= | Blade origin width

Blade median width

Rlada andina width 1 nn —

—Position and Orientation
These values are defined when positioning in

the 3D scene
X 0.0m Tilt o.0=
i 0.0m Azim. o.0=
Z 0.0m with respect to OY
3 Enable shadow casting
Colour [
x Cancel ‘ J Close object

Grid cell sze: 5.00 m Perspective view + X -56.81, ¥:-31.13m Active area : 97.90 m? Total number of modules: 44

and an electric pylon.
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¥ Elementary shading object

e v §EASAS (o ide (90 | A |KelllE
History Selec... Point of view Zoom Render Measure View options
; Ohject definition
—Parameters
Mame
IElectric pylon |
Shape type
<
Height n B
Base length m
Top length m
Width m
Number of arms 3.00
~ | Firstarm height m
Arm length m
Arr wmiirdth 2 An - I
| —Position and Orientation
These values are defined when positioning in
the 3D scene
X 0.0m Tilt o.0=
 d 0.0m Azim. 0.0
z 0.0m with respect to OY

Enable shadow casting

Colour [

3 - e x Cancel ‘ / Close object

Grid cell size: 1.00 m Perspective view > X:-56.81, ¥:-31.13m Active area : 97.90 m? Total number of modules: 44

PV Element Creation

The second part of the "Create" menu concerns creating photovoltaic elements. This includes
creating different types of PV fields, such as:

Single PV Table: A rectangular area intended to host PV modules.

Tracker Row: One or more tables that follow the sun to maximize irradiance reception.

Table Row: Multiple tables placed one behind the other, commonly used in ground installations.
Dome Row: Groups of tables in an East-West opposing configuration.

Sunshade Row: Vertically aligned tables, suitable for facades.

Rectangular PV Plane (single or multiple): Frame-less sensitive rectangles that can be created
in multiple instances within the same plane.

Polygonal PV Plane: A field of any shape drawn with the mouse, allowing maximum flexibility.

For each PV field type, you can define specific parameters like orientation, the number of tables,
layout, spacing between tables, etc. These parameters can be adjusted to meet your
installation’s needs and optimize energy production.

The created objects and PV fields can then be integrated into the 3D scene to simulate shading
effects and other environmental factors on your installation accurately.
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10.4.3 Edit Menu

In the "Edit" menu, several tools allow you to manipulate a scene object.

Undo: Reverses actions, can be done with "CTRL+Z".

Redo: Reapplies an action that was undone, can be done with "CTRL+Y".

Copy: Copies an element, can be done with the "CTRL+C" shortcut.

Paste: Pastes a copied element, can be done with the "CTRL+V" shortcut.

Edit an Object: Allows modifying a scene object by double-clicking on it.

Delete the Selected Object: Deletes the selected object, can be done with the "DEL" shortcut.
Move Selection: Moves the selected item, also accessible from the main menu.
Rotate Selection: Rotates the selected item, also accessible from the main menu.
Rotate whole scene: Applies azimuth rotation to all scene objects.

Modify selected objects: Opens the "List and Object Management" window for grouped
modifications, accessible with "CTRL+G."

Set Auto Altitude: Sets an object’s automatic altitude based on another object, useful for
automatically setting a PV object's altitude on a surface.

10.4.4 Transform Menu

The transform menu allows changing an object's surface into a PV surface.

[#] Transform to PV faces
[+] Transform to objects
Convert fixed tables to trackers
[#] Transform selected PV tables to arrays of tables

[<+] Transform selected PV tables to a single array of tables

] Transform to a ground object

Transform to PV Faces: Selected faces can be transformed into a PV surface.
Transform to Objects: Converts PV surfaces to non-PV objects.
Convert Fixed Tables to Trackers: Converts the selected PV table into a tracker.

Transform Selected PV Tables to arrays of tables: Converts a single PV table into a PV table
field.

Transform Selected PV Tables to a Single array of table: Converts multiple single PV tables
into a single table row.

Transform to Ground Object: Converts an object into a ground object.

10.4.5 Tools Menu

10.4.5.1 Orientation understanding educational tool:

This tool opens an educational resource to understand the orientation of PV tables.
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Orientation understanding educational tool

Y, z re-a LR
24t e @q (90 |7 A
Point de vue Zoom Rendu Mesure
- ’M‘ Angle between planes
: Real orientation of the plane with baseline slope
—Plane
Mominal tilt —
Narminal azimuth =
Base slope =
—Real tilt / azimuth
Tilt 20,0 °
* | Azimuth 0.0°
i e aanannEanaRERy EU
a0 ' 70
- 1
T . 50
5 \
S0 ! —30
= s : Juo =
g ol A H-10 E
5 \
| 3o} ! -0
Y 2f------5 - —-s0
i |
10 . -0
) PO U S I R A O B 9
X -850 -70 -50-30 -10 10 30 50 7O S0
Slope [7]
T
Taille case: 5.00 m Vue perspective & X773, Y:5.03m
k.

In the Base slope tab, users can view a PV table with an initial orientation and apply a base
inclination, such as ground slope, to see the resulting tilt and azimuth. Users can experiment by
inputting a "Nominal Inclination," "Nominal Azimuth," and adjusting the "Base Inclination,"
potentially representing terrain slope, to observe the final tilt and azimuth after applying the base
inclination.

The Angle Between Planes tab helps users understand the angle value between the normal of
two PV table planes by adjusting their orientations. Users can experiment to see the angle
difference between two PV planes, which appears in the "Angle Between Planes" area.
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Orientation understanding educational tool

PO at e eide 90 |7 4

Point de vue Zoom Rendu Mesure
Base slope | Angle between planes
L Z
: Angular difference between the normals to the planes
—Plane 1. ~
Morninal tilt —
Narminal azimuth -33.0 |0 ®

—Plane 2
Mominal tilt -
Nominal azimuth -3.0 [

’ i

—Angle between planes

T Angle 11.8°
.
- T T T 71 T
sof+ .
- i
|
T BU‘—:- .
Y = |
= o
| 1
X 3 40k E
I
[\
20 -
I
‘ —E Close

Grid cell size: 5.00 m Perspective view & X:-2.66, Y: 1.80 m

10.4.5.2 Thin objects shading analysis:

This tool demonstrates the effect of fine shading on a PV surface. Users can input variables like
the width of a narrow object, the distance from the object to the PV surface, and the PV cell's
size. This tool calculates and shows the maximum shading percentage on a PV cell based on
these parameters.
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' Evaluation of the shading electrical factor for thin objects

. . . . —Thin object
Shading dispersion of a far object A=
Object's width mm
80— LT
3 i R Distance of array 30 m
Cell size 156 mm
S0 Shade maximum intensity 9.2 %
[ : : Shade total width 298 mm
Shade half-value width 238 mm
3 Shade integral 20.0 (mm) <
anl-
Maximum loss on one cell / string 8.6% (in current)
| " This is the value for "Fraction for electrical effect”
30| =

Shading factor on each cell

Hautew sur 1t chomp PV fm]

] o

=
--------------------------------------------------- 100 = B .
8 s = °F 1
E = 4F =
= g E
10f- T :
a = oE !
| 20 E 9.2 894 896 898 900 9502 504 9085 903
| Max. 9.2% Sun angle variation
] L. I | 1
DI 1L 1L 1L 1[ Iu
-0.4  -03

-2 -01 0.0 0.1 0.2 0.3 0.4
Taille collecteur [m] &t cellules PV

:] Close ‘

10.4.5.3 Trackers diffuse shading definition:

Dedicated to PV tracking systems, this tool defines the contribution of diffuse light on PV tables.
Users can configure a representative tracker to calculate the shading factors used in
simulations, thereby reducing the computation time for diffuse shading compared to modeling
all trackers.

Calculation principles

Ideally, it would be necessary to:
1. build the complete shading table for all possible tracker orientations,
2. then evaluate the diffuse integral for each of these tables.

However, in practice, PVsyst evaluates the shading factor for diffuse and albedo components
only for a selection of tracker orientations, and then generates an interpolation profile for these
factors. These interpolated values are used during the simulation. This calculation may still be
time-consuming.

“Representative tracker” approximation

For systems with a large number of trackers, it is often not practical to compute full shading
tables for every position. PVsyst therefore offers an approximation that is acceptable in most
cases when trackers are regularly distributed.

In this approximation scheme:

e PVsystorthe user selects a representative tracker located near the center of the field,
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e the software evaluates the shading factor table only for this tracker,
e using neighboring trackers and objects to generate shading effects,
e while neglecting other shading sources.

This approach significantly reduces the computation time for diffuse shading. It can be
summarized as the shading of a representative central tracker using a “partial scene” composed
of neighboring trackers.

This approximation does not account for the finite size of the system: trackers located at the
east/west edges do not experience mutual shading on one side. This may introduce an error on
the order of 1/N rows if the representative tracker and its neighbors are not properly selected.

Diffuse shading calculation modes for trackers

The Tracker diffuse shading calculation modes window allows you to select the most
appropriate calculation method for diffuse shading on trackers. It is accessible whenever
trackers are defined in the 3D scene, via Tools > Tracker diffuse shading definition.

¥ Trackers diffuse shading definition

—Partial sy olour |

Definition of a representative tracker for the diffuse shadings calculation. d M : shaded tracker

‘You can select a representative tracker that will be used to evaluate the diffuse shading factors to be used in the simulation. This may reduce the diffuse W : shading mask
shadings calculation time, with respect to using all the trackers. You may either let PVsyst select the most central tracker, or select a tracker manually
among those in the scene.

—Orientati —Filter
I Tracking, tilted axis, Tilt aver. -2.3°, A~ Name I Q Clear |
—gpt;...; sel. = Field name
0O T
(O Custom tracker O - |
sifidmo [ 1 ]| sss e 252, 7one +
Indude shading objects =Y |
O =)
O - ;
0O T .
| ———— = j

o Export K cancel ‘ ‘ o
1. All trackers

In this mode, all trackers of the orientation are taken into account for the diffuse shading
calculation. All shading objects in the scene, as well as other orientations, contribute to the
shading.

This is the most accurate and recommended mode, but it can be computationally intensive for
large or complex scenes.

2. Central tracker
In this mode:

¢ Amongthe most geometrically central trackers of the orientation, the one surrounded by
the highest number of shading trackers is selected.
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e Thistrackeristhen used as a representative sample.
e Itis highlighted in green in both the window and the scene (Shaded tracker),

e The neighboring trackers that generate shading are highlighted in orange (Shading
mask).

However, even with this approach, certain field configurations may reduce the accuracy of the
central tracker selection (for example, if the central tracker is located at the edge of a patch).

3. Custom tracker

This mode is similar to the Central tracker mode, but allows the user to manually select a tracker
to be used as the representative sample. The shading mask s then automatically defined around
it.

10.4.5.4 Shading Scene Summary:

Opens an informative window listing all objects in the project scene.

¥ Motes de lutilisateur et résumé du systéme

- -

Q Résumé du systéme Motes de variante Motes de projet

iToujours ouyrir avec e projet] |

[1 ©v 53 = O Actualiser le résumé DAchJaIisah'on auto. du

Résume du systéme résume (peut tre lent)

Surface brute totale:

5518m:?

Paramétres scéne d'ombrage 3D - intermediate
Selon chaines mod. (Fraction de pertes électriques 100%)

Utilisation dans la simulation:

Champs: 62
Largeur scéne: 298.0m |
Longueur scéne: 514.0m |
Surf, active: 5518.0m
Objets: a5
Faces: 22954
Sommets: 58993
Champ #1 - Table #1, Fone #1
Orientation #1 (Indinaison/Azimut: 4,5 f 172.0%) 1 suiveurs

Surface suiveur [ Surface madule PV

Champ #2 - Table #2, Fone #1
Crientation #1 (IndlinaisonfAzimut: 3.8% f 172.0%)
Surface suiveur [ Surface module PV

Champ #3 - Table #3, Zone #1
Orientation #1 (IndlinaisonfAzimut: 3.7% f 172.0%)
Surface suiveur [ Surface module PY

Champ #4 - Table #4, Fone #1
Orientation #1 (Indinaison/Azimut: 3.5 f 172.0%)
Surface suiveur [ Surface madule PV

Champ #5 - Table #5, Fone #1
Orientation #1 (InclinaisonfAzimut: 3.4% f 172.0%)
Surface suiveur [ Surface module PV

Champ #6 - Table #6, Zone #1
Orientation #1 (InclinaisonfAzimut: 2.9% f 172.0%)
Surface suiveur [ Surface module PY

Champ #7 - Table #7, Fone #1
Orientation #1 (IndinaisonfAzimut: 2,9 f 172.0%)
Surface suiveur [ Surface madule PV

89.0m2/89.0m2

1 suiveurs
89.0m2/89.0m?

1 suiveurs
83.0m?/83.0m?

1 suiveurs
89.0m2/89.0 m?

1 suiveurs
89.0m2/89.0m?

1 suiveurs
83.0m?/83.0m?

1 suiveurs
89.0m2/89.0 m?

—E Fermer
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10.4.5.5 List and Management of object (Ctrl+G):

In your 3D scene, all PV tables and shading objects are listed in the List and manage objects
window. You can open this window from Tools > List and manage objects or by using the
shortcut Ctrl + G.

B
E)
B
B
B
B
B
B
B
B
B
B
B
B
El

||| = = ==

3

P

The list provides sortable and filterable columns for easier navigation. Selecting an objectin the
list also highlights it in the shading scene. Fields are directly editable, and if multiple objects are
selected, changes are applied to all of them simultaneously.

Search:

To search for specific objects in the shading scene, you can enter text in the Search field.
The search is performed on the # (number), Type, and Name columns.

To clear the search, delete the text in the search field or click the clearicon.

Filtering / Sorting:

Each column can be filtered and sorted.

To filter a column: hover over the column header and click the funnelicon that appears. You can
then define filtering criteria in the pop-up window. It is possible to filter multiple columns at the
same time.

To clear afilter, click the filter clear icon.

To sort a column, simply click on its header — sorting is performed in ascending or descending
order, and a sorting indicator is displayed.

Selection:
e Selectall displayed objects.
e Deselect all objects.

You can also select or deselect objects directly in the list by clicking on them while holding the
Ctrl key. When you close the advanced selection window, the selected objects remain selected
in the shading scene.

Expand / Collapse:
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Expand all objects:

This command opens all nodes in the tree structure. All sub-objects become visible in the list,
allowing a detailed view of the full scene structure.

Collapse all objects:

This command closes all nodes in the tree structure. Only the main objects remain visible,
making the list easier to read when the scene contains many elements.

Copy/ Paste:
e Copy all selected objects to the clipboard.

e Paste from the clipboard onto the selected objects. If no object is selected, the paste is
applied to objects with the same number (#).

e Pasting applies only to visible columns.

Pasting can also be done from external spreadsheet software (such as Excel). In this case, make
sure to include the header row and at least the first three columns (#, Type, Name).

Edit / Delete

o Opens the edit dialog for the selected object. Double-clicking an object also allows you
to edit it individually.

e Deletes the selected objects.
e Undo.
e Redo.

Some fields can be edited directly in the list — these are the cells outlined with a rectangle. If
multiple objects are selected, editing is applied to all of them simultaneously in group mode.

Column management
For better readability, it is possible to show or hide columns:

e Select/Deselect the columns to display. This option is also available by right-clicking on
the column header.

¢ Show default columns.
Note that your selection is saved for future sessions.
Context menu

Some actions are also accessible via a context menu by right-clicking on one or more selected
nodes in the tree structure.

Export to CSV
To use object-related data outside of PVsyst, you can export the displayed list in CSV format.

Click on the CSV exporticon, then paste (Ctrl + V) into Excel or any other spreadsheet software.

10.4.5.6 Automatic Altitude:

Opens a tool that allows PV objects to be automatically placed on top of other objects. This tool
is very useful for easy handling, especially when placing tables on a roof or terrain, in order to
align PV tables with the surface while maintaining a predefined height distance.
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Procedure:

Select a table, then click on “Tool — Automatic altitude”. This opens an option in the right-hand
menu, as shown below.

Scene objects | Toals

¥» Observer position

¥ 5Sun position

¥ Zone editing

¥ Shadings animation

¥ Setauto, altitude

—Placement parameters

Distance to ground 0.05 m

Align
® Lowest point
Average point

Highest point

O! setauto. altitude
o

Choose the ground clearance as well as the alighment option, then click on the “Set automatic
altitude” button.

10.4.5.7 Orientation Management (Ctrl+Shift+0):

The Orientation management window allows users to view the list of orientations in the scene
and to check consistency between the 3D scene and the system definition. Users can review the
correspondence of PV areas and the number of modules between definitions, reassign existing
orientations to new ones, and identify orphan orientations in order to reassign them.

The Orientation management window can be opened from the shading scene by clicking Tools 2
Orientation management or by pressing Shift + Ctrl + O.

The Orientations tab provides an overview of all orientations currently defined in the system,
along with their corresponding shading configurations.

On the left side of the window, orientations are organized in a hierarchical tree structure. Each
orientation can be expanded to display its sub-groups and associated 3D fields at the child level.

= -
# Mame Type Modules Area
1 =22 Fixed, Tit 25.0%, Azim. 20.0° Fixed Tilted Plane | Orientation
: +;§’ System sub-arrays (1) 30 43.8m? | System
& 3D felds (1) 30 50,40 mﬂ 3D scene

This makes it easier to verify the consistency between the number of modules defined in the
system sub-arrays and those configured in the 3D scene.

You can also add or remove orientations, and easily move fields between orientations using the
drag-and-drop functionality.
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Selection and highlighting

When you select one or more orientations in the tree structure, the corresponding fields are also
highlighted in the shading scene, providing a clear visual reference.

If you delete an orientation, the associated sub-arrays and 3D fields become orphaned and are
displayed in the right-hand section of the window.

72 Orientations | Analysis

+] AV o T of
# MName Type Modules | # Mame Type
1 '--E Fixed, Tit 25.0%, Azim. 20.0° Fixed Tilted Plane -E’ Orphan system sub-ar...
+r§’ System sub-arrays (1) 30 1 Eﬁ Sub-array #1
5 3D fields (1) 1 =50 Orphan 30 fields (1)
5 :,':' Champ (mult) rect...  (Mult) Rec...

You can then drag and drop them to the left to reassign them to the appropriate orientation.

Delete an orientation

To delete an existing orientation, select it and click on the corresponding icon m. . This action
removes only the orientation itself, not the associated sub-arrays or 3D fields. The associated
elements willappear as orphaned and must be reassigned to another orientation using drag-and-
drop.

Add a new orientation

To add a new orientation, click on the button «’ located above the list. This opens the
orientation editing window, where you can configure the parameters of the new orientation.

Edit an existing orientation

To modify an existing orientation, you can either double-click on it or select it and click on the

editbutton ¢ above the list. This will open the orientation editing window, where you can adjust
its parameters.

Copy an orientation

To copy an existing orientation, select it and click on the copy button |, Anew orientation will
be created with the same parameters as the selected one. Note, however, that the 3D fields of
the copied orientation are not duplicated: they remain attached to the original orientation.

Reorder orientations

If you want an orientation to appear before or after another in the list, you can select it and use

the move buttons (Aup/vdown) to change its order.

#PVSYST

FHOTOVOLTAIC
SOFTWARE

PVsyst SA - Grid Connected Systems - User’s manual Page 82



Assign fields to an orientation

To change the assignment of a field already associated with an existing orientation, or to assign
an orphan field to a new orientation, simply drag and drop the field onto the desired orientation.

# Mame Type Modules Area _#
1 El-?:i Fixed, Tilt 25.0%, Azim, 20.0% Fixed Tilted Plane
-E’ System sub-arrays (1) 30 43.8m2
é@l 3D fields (1) 30 50.03 m?
,‘::,' {Multi) Rectangular field {Multi) Rectangul... 30 50,0 m2
2 EJ-H Fixed, Tilt 25.0%, Azim, -70.0% Fixed Tilted Plane
3 EJ-H Fixed, Tilt 25.0%, Azim, 110.0 Fixed Tilted Plane

If you move a field to an orientation with incompatible parameters (and if the orientation is not
defined as an average), PVsyst will prompt you to choose whether you want to:

" Orientation and PV field(s)

The arientation and the PV field(s) have different
parameters (azimuth, tilt and/for base slope). What do you
want to do?

Modify the parameters of the PV field(s)

Modify the parameters of the orientation

x Cancel ‘ / OK

b il
e update the field properties (azimuth, tilt, base slope) to match the orientation, or

o define the orientation as “average”, which keeps the field parameters unchanged but
treats the orientation as an average.

You can also move all 3D fields from one orientation to another—leaving the first orientation
empty—or select multiple fields at once and move them together.

Orientation analysis

The Analysis section of the window displays the distribution of orientations and values for
different types of data, such as plane orientations, deviation from the average, and azimuth/tilt
relative to the base slope. Average values are also calculated and displayed in the analysis panel
on the right.
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10.4.5.8 Backtracking Management

When the backtracking strategy is enabled in PVsyst, the same backtracking angle is applied to
all trackers of a given orientation. This angle is calculated based on the width-to-spacing ratio
of a reference tracker, referred to as the backtracking GCR.

Scenes created directly in PVsyst (tracker rows)
When the 3D scene is built in PVsyst, it is generally composed of tracker rows.
In this case:

e the spacingis defined at the field level,

e thereis only one backtracking GCR value,

e if multiple rows are present (with different spacing or widths), PVsyst automatically
selects the row with the highest GCR.

The angle calculated from this GCR is then applied to all trackers, ensuring the absence of
mutual shading.

Imported scenes or tracker zones

When the scene comes from a CAD tool or when the “table zone” tool is used, trackers appear
as independent tables rather than as rows.

In this case, PVsyst must manually identify a pair of reference trackers.

This is managed using the Backtracking management tool, accessible from the Tools menu in
the 3D editor.

Automatic selection of reference trackers

The dedicated window displays all trackers belonging to the same orientation group, sorted by
decreasing pitch.

By default:
e the mode is set to Automatic,

o the selected GCRis the highest one detected in the scene.
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¥ Backtracking management

<, | I
The backtracking calculation is based on the interaction between neighbor trackers, and especially on o .
the tracker width/pitch ratio. M : Main
M : secondary
Mode : Automatic ‘fou may specify a tracker (array) acting as a reference for all trackers, or enter the reference lengths manually. To B :
reduce mutual shadings, you can choose the tracker pair with the highest widthfpitch value (GCR). : High GCR
Drientation group —Filter
[Tracking horizontal axis, Azim. -8.0° | Name | | @ dear
Reterence backtracking pa b " — = "
Sel, £ Field name Min pitch GC... ¥  #Neighbor Altitude
Autnmatic O 201 Table #22, Z #1 8.00 53.4% 2 1.00 -
o m " Table ., Zone 4 2 J
205 Table #2¢, Z #1 8.00 53.4% 3 1.00
Sensitive width m O T Table #26, Zone
208 Table #29, Zone #1 8.00 53.4% 2 1.00
Left inactive band m o = !
O 212 - Table £33, Zone £1 .00 53.4% 3 1.00
Right inactive band m
O 190 - Table #11, Zone #1 8.00 53.4% 2 1.00
GCR Backtracking ~ 53.4% o '
O 193 - Table #£14, Zone #1 2.00 53.4% 3 1.00
O 196 " Table #17, Zone #1 3.00 53.4% 2 1,00
O 200 - Table #£21, Zone #1 2.00 53.4% 3 1.00
O 23 - Table #57, Zone #1 2.00 53.4% 2 1.00
| 240 - T Tahle #61 Znne #1 on 53 g0 3 100 -
w Expart K el o oK

Manual selection
The automatic mode can be disabled to select a different reference tracker.
When you select a lower GCR:

e trackers with a higher GCR are highlighted in red,

o PVsystdisplays a warning: these trackers may experience shading,

o the selected tracker is highlighted in the scene for visual validation.

¥ G ardrees
wnvan | @
& Tmemim

X s o Ome
00t o e 2508 . CHegrtica - ppucte e I, e At wan 581795 v Tot rumber of i 2680

Manual input
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By deselecting the reference tracker pair, it becomes possible to define custom values. You can
specify a particular spacing, width, or inactive bands.

These parameters are used only for calculating the backtracking angle and do not modify the 3D
scene.

In most cases, it is recommended to adjust only the spacing. For more advanced needs, these
parameters can be used to reproduce specific behaviors:

e Reducing the table width (for example, dividing it by two) allows simulation of a half-
backtracking operation.

e Defining inactive bands on one side or the other of the reference tracker introduces
different behaviors between morning and afternoon, which can be useful on sloped
terrain.

Any custom definition should be validated by running a shading animation in the 3D scene. Do
not forget to enable shading simulation if some trackers are likely to be shaded.

¥ Backiracking management

| Special Behaviours olour——————————————
The backtracking calculation is based on the interaction between neighbor trackers, and especially on d .
Backtracking the tracker width/pitch ratio. W : Main
M : secondary
Mode : Manual You may specfy a tracker (array) acting as a reference for all trackers, or enter the reference lengths manually. Ta B :ich
reduce mutual shadings, you can choose the tracker pair with the highest width/pitch value (GCR). + High GCR.
—Orientation group Filter
Tracking horizontal axis, Azim. -8.0° .~ ’7 Name g Clear
—Reference backtracking parameters—— — = =
Sel, # Field name Min pitch GC... «  #Neighbor Altitude
Automatic ble .
pitch 3.00 | m O 291 " Table #62, Zone #1 8.00 53.4% 3 1.00
Sensitive width 325 | m O 238 -+ Table #59, Zone #1 8.00 53.4% 3 1.00
197 Table #18, Z #1 8.00 53.4% 2 1.00
Leftinactive band 0.02 | m . T Table one -
O 204 - Table 25, Zone #1 3.00 53.4% 3 1.00
Right inactive band | |0.02 | m
O 187 - Table #8, Zone #1 3.00 53.4% 2 1.00
GCR Backtracking ~ 53.4%  \§#)
O 209 - Table #30, Zone #1 8.00 53.4% 2 1.00
O 239 " Table #60, Zone #1 8.00 53.4% 3 1.00
O 219 - Table #40, Zone #1 8.00 53.4% 2 1.00
O 199 - Table #20, Zone #1 8.00 53.4% 3 1.00
il 2NA T Tahle £77 7one #1 A00 53 49 3 100
mp Export x Cancel ‘ ‘ OK.

10.4.5.9 Disable Field Interpretation Check:

Sometimes, objects touch PV surfaces in the scene, despite minimal spacing, such as aroof and
PV module. PVsyst flags this as a 3D interpenetration error, which can be ignored by disabling
this setting. Use caution as shading calculations may be impacted.

10.4.5.10 Use Partial Shading Calculations:

In large projects, it can be useful to limit shading calculations to a restricted part of the system.
PVsyst provides a feature that allows shading calculations to be performed only on a specific
subset of PV tables.

This approach is relevant when the full scene is too time-consuming to simulate or when
analyzing a specific area with particular design characteristics.

In PVsyst, this function is called Use partial shading calculations—not to be confused with
“partial shading,” which refers to shading affecting only part of a PV field.

The shading factors obtained from this partial calculation are then extrapolated and applied to
the entire photovoltaic system.
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To activate this option, go to: Use partial shading calculationsOnce activated, a group named
“Partial shading selection” appears in the “Groups and zones” panel on the right.

e elade (@@ (90 mm |4t ec |/ 6 [HT |EE e

]
B vt s s ()

Ko || o

o ey v & xaran v e m e forpa oo 000 %, Pkl 611, a0 m | 25608t Tonauier o e 508

Two methods are available to add tables to this group:

1. Right-click on the group folder to display all PV tables in the scene, then select those to
include.

2. Directly select PV modules in the scene (using rectangular or lasso selection), then in
“Scene objects”, right-click > Add to group - Partial shading selection.

This group behaves like standard object groups, with the difference that it can only contain PV
fields.

Other objects that may cast shadows (trees, buildings, obstacles) are still taken into account if
they are configured with active shading projection enabled.

[Eers———

ot ot s 300 [ —— . 4 x s vzi0m Ul o gt ot 2900 %, Pl 174, Ak 408 00 256,08 w8 o b of ok 10
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Important limitation

The Module layout mode (module-level shading calculation) is not compatible with the partial
shading calculation mode.

If you are using “Module layout”, this option cannot be activated.

10.4.6 Main Menu
This chapter explains the main menu visible on the 3D scene window.

¢ IRN-9- @FEaat L e dr |90 |E Caa s | S & AT
Ref C

History Selection Point of view Zoom Render Modules Measure Modify Tools ference

History: Actions like creating, selecting, or modifying objects are logged, allowing undo/redo.
e Undo: Ctrl+Z
e Redo: Ctrl+Y
Selection:
o Default Selection: Press Esc to deselect an object.
e Click any object to select it; click edges in technical view to select an object.
e Rectangle Selection: Shift+Ctrl+R
o Click and drag to draw a selection rectangle.

o You can specify whether you wish to select all objects touching the rectangle, or
only those inside it.

e Lasso Selection: Ctrl+L
o Click and drag to draw a selection area.

o You can specify whether you wish to select all objects touching the area, or only
those insides.

e Addto Selection: Hold Shift
e Remove from Selection: Hold Ctrl
e Select All: Ctrl+A
Point of view
Move View: Click and drag to move the viewpoint.
Rotate Camera: Click and drag to rotate around the current target.
Perspective View**: F2
Top View: F3
Front View: F4
Side View: F5
Sun View: F6 - Aligns the view to the current sun position; adjust in the right-side "Tool" tab.
Zoom Options
ZoomIn: F7
Zoom Out: F8

Zoom by Rectangle: Click and drag to define the viewing area.

% |2 T
.@f IHL}{%T'}E)-I PVsyst SA - Grid Connected Systems - User’s manual Page 88
EOFTWARE



Fit Zoom: Ctrl+F - Zooms to see all selected objects.

All these tools are also accessible in the View menu.

Yiew Tools Help

L. Standard Perspective F2
| Top view F3
X1 Front view F4
t%  Side view F5
View from sun position F&
®,  Zoom forward F7
2, Zoom backward Fa
Specify chserver position
71 Look at selected object Ctrl+F
L. Backto default view Ctrl+Shift+D

Save this view for the report

Load report view

Render options >
View options ¥
& Shadows drawing F11
& Shadows animation over one day F12

Additional Tools

Scene objects | Tools

¥ Observer position

Look at Look from

X m Distance m
¥ m Height
z m Azimuth

D }p Back to default view

Observer Position :Opens the "tools" tab on the
right, allowing a precise observer viewpoint.

[]

Back to Default View: Resets the observer to the default position, looking towards the scene
origin (X=0; Y=0; Z=0).

Center on Selected Object

Rendering Options
Technical View/Realistic View:

e Technical View:
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o Displays objects in wireframe; selectable by edges only. Colours are defined by
object type and selection state, without real-time lighting or shadows.

e Realistic View:

o Objects appear more realistic; selectable on any visible part. Colors are
customizable for each object, with real-time lighting.

e Perspective / Orthogonal Projection

o Orthogonal Projection: This is the default and is recommended when
constructing the scene.

o Perspective Projection: Provides a more realistic view of the scene, useful for
creating shadow videos or reports.

(R [

Module Chains Modules  : Displays the module chains defined in the module layout.

Other Rendering Options
View Tools Help

Standard Perspective F2 r
et = 1 1
v . ®\ @\ et Eﬂ E’ |:
1 Topview F3
Zoom Render
=*1  Frontview Fd
v Side view F5
View from sun position F&
@, Zoom forward F7
€, Zoom backward Fa
C-'\ Specify observer position
71 Look at selected object Ctrl+F
L. Backto default view Ctrl+Shift+D
H Save this view for the report
Load report view
pr . Y
Eender options *| « Enable anti-aliasing
View options *| « Enable real-time shadows
| @ Shadows drawing F11 | ¥ Enable camera animation
& Shadows animation over one day F12 v 2how backfaces

In the "View / Rendering Options" menu, you can enable/disable the following:

o Enable anti-aliasing: Smooths object edges. Availability may depend on your hardware
and could reduce performance.

o Enable real-time shadows: Enables real-time shadow viewing. Activating this option
may reduce performance.

e Enable camera animation: Animates the transition when switching views. Activating
this option may slightly reduce performance.
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e Show backfaces: Shows or hides the back faces of objects, meaning those not oriented
toward the viewpoint. Hiding them increases performance.

Measure Measure

Measure a Distance: Ctrl+L - Click to set the starting point, then click again to set the end point.
Hold Ctrl to snap to an object vertex.

Measure an Angle: Ctrl+K - Click to set the vertex, then points #1 and #2. Hold Ctrl to snap to an
object vertex.

Ay  [QNe

Modify Modify
Edit Objects: Ctrl+M
Move Objects: Ctrl+B
Rotate Objects: Ctrl+R

Rotate Entire Scene: Ctrl+Alt+R

Additional Tools
Drawing  : Draw objects with the mouse

The freehand drawing tool allows you to create objects directly in the scene using the mouse.
This tool currently allows drawing the following objects:

/S Triangle . Triangle

(5] Parallelepiped . Parallelepiped

{7 House + 2-sided roof . House

@ Tree . Tree

| Cable | . Cable

ﬁ j] Extruded polygon . Extruded Polygon (by defining the 2D outline and
height)

1 Single PV table
° Rectangular PV Table

To start, click the button to open the object selection menu and choose the desired object type.
Then follow the instructions in the tooltip for each object.

Field zones : In the shading scene, you can define areas that will be filled with PV tables.
These zones are defined on the X-Y plane as drawn on the ground, with tables dynamically placed
in the scene. The tables are positioned based on the objects they lie on, so if a zone is drawn on
a roof, tables will be positioned accordingly at the correct altitude. This also applies to zones on
topographies. You can specify if you want the tables to automatically tilt according to the object
they are on.
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Creating Zones: To create or edit zones, click the **Zone tool**, then find the "Zone Editing"

section on the right side of the window

% Zone editing

—MNew zone

@ Rect. K@ Paly. @ Free

—5elected zone parameters

Zone label Iznne #£1 I

Area 459.56 m2

‘ % Field properties

Azimuth

o

Pitch

3

3

Tables spacding

Align tables Centered

r

3

Distance from ground

Automatic tilt
Automatic length
Create tracking fields

‘ @ Fill zone

— 000

—Exclusion areas

- Rect. ‘ Paly. . Free
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742 Rect.
The button to create a rectangular zone
allows you to define the upper-left and lower-right

corners of the rectangle in the scene.

Paly.

The button E@ = to create a polygonal zone lets
you define new points by left clicking in the scene. To
end the zone definition, right-click.

Free
The button @ to draw a freeform zone lets

you click and drag the mouse. Right-click to finish
defining the zone.

“.\ Field properties
This button opens

the table field editing dialog to define parameters for
the tables generated within the zone.
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Basic Settings Tab: The initial tab allows the following adjustments:

Se [N

Historique | 5élec...

aBa oL e gw

Point de vue Zoom

Options de vue

Basic parameters | Fable size  Partition
—Description:

Kz

MName

Table

—Global table sizes

Table height 216 m
Table length 10.70 m
Sensitive area 22.63 m?
Required area 2563.2 m?
Defined by modules

Number of modules 5x2=10

" ~Orientation
|#1: Fixed, Tilt 15.0%, Azim, 20.0% \/l

Caoe | @

D Uses average

#

Tile 150 |2 e
Azimuth — o
Baseline slope Se

—Position in the scene

These values are defined when positioning in the 30
scene

ki 0.0m Tilt 15.0®
i 0.0m Azimuth 20.0°
z 0.0m
- Y
- [ Enable shadow casting
X
Colour [T shades [
R concel ‘ " Close object

Grid cell sze: 1.00 m Perspective view # X:-11.63, Y: 6,00 m  Active area : 0.00 m? Total number of modules: 0

o Description: Sets a custom label for the zone.
e Globaltable sizes: Summarizes the table’s dimensions.

e Orientation: Choose the orientation for table generation.
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Table size tab: The Table size tab includes a dedicated area for photovoltaic modules. When
setting up a field, specify the associated PV module. A table can only hold PV modules of the
same size.

r

95e

Historique

P

Sélec...

viodul... Mesure

Basic parameters

FPartition
—Sizes definiti
® By modules (adjust sizes)

doBaatl (e gw

Point de vue Zoom

Options de vue

iz
(@] By sensitive sizes

"By ey
Reference PV module

Mono 440 Wp Twin 144 half-cells

Madule width
Module length

Crientation

1052 m
2115 m

Landscape

v

MNb. of modules in length (¥)
Mb. of modules in height ()
Modules X spacng

Modules ¥ spadng

—Sensitive area
Height m
Length 10.66 |m
Table area 22,63 m2
Required area 2563.2 m2

Al
es

—Frame around

Left/fright
Top/bottom
Y
X
x Cancel ‘ J Close object

Grid cell sze: 1.00 m Perspective view « X -10.68, Y: -8.11m  Active area : 0.00 m? Total number of modules: 0

Sizes definition:

e By Modules: This recommended option defines an area exactly suited for the desired
module count with specific spacing.
e By Sensitive Area: Specify the desired PV table size without constraints initially. Later,

retrieve the exact size for your modules by selecting "By Modules."

Both options can be adjusted by dragging red points with the mouse, with modules filling the
available space as sizes are modified.
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—By modu

Reference PV module

Mono 440 Wp Twin 144 half-cells

Maodule width 1.052 m
Module lenagth 2.115m
Crientation I Landscape \/I

Mb. of madules in length (X)
Mb. of madules in height (1)

Modules ¥ spacing

002 ] m
002 | m

Modules ¥ spacing

Section “by modules” shows information
regarding the PV module chosen in the system
definition.

It allows you to select the orientation of the
module by “Landscape” or “Portrait”.

It also lets you define the number of modules the
PV table will contain, as well as their spacing.

After completing this setup, return to the Zone Editing section:

—MNew zone

[ Rect. K@ Paly. ® Free

—Selected zone parameters

Zone label IEDnE #1 I
Area 32.81 m2

‘ "‘,‘ Field properties ‘
Azimuth =
Pitch m

3

Tables spacing
Align tables Centered

Distance from ground

3

pd
=
o

Automatic tilt
Automatic length
Create tracking fields

‘ @ Fill zone

— 000

—Exclusion areas

- Rect, ‘ Paly, . Free

Pitch: Distance between the bases of tables in
consecutive rows.

Table Spacing: Distance between consecutive
tables in the same row.

Align tables: Defines table alighment in each row
within the defined zone.

Distance from ground: Defines the height of the PV
planes relative to the ground.

Automatic Tilt: Enabling this option overrides the tilt
parameter, letting tables adopt the tilt of the surface
they’re on.

Automatic Length: Enabling this option overrides
the length parameter, extending a single table in
each row to fit the zone.

Create Trackers: When enabled, fills the area with
trackers.

‘ @Fill zone
The "Fill Zone"

button calculates the required space for PV tables
based on the specified parameters.

After positioning the tables, the following buttons allow further modifications:

=
:u':'h.
Select all tables.

Add or remove tables.
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— Move tables along their axis.

Exclusion Zone: Finally, it is possible to define exclusion zones where tables won’t be added.
wdusion areas

- Rect, ‘ Paly. ~ Free

These zones can be drawn as previously described.

Ground Image: Reopens a section allowing image scaling and opacity adjustments.

¥ Ground Image

ground-99DEADB34AB04CCEEEE 1A 2EBCI0344FE

—Image scale

—X1 - Origin
¥ [ West 0.000  |m
¥ [ South 0.000 m

—X2 - 2nd point on axis

¥ [ West -100.00 |'m
¥ [ South 0,000 m
—Other settings
Distance X1 -= %2 100,00 fm
Image base width 100,00 |m
| » Apply |
Opadty ¢ » | @ show/Hide

0 '.r::: Crop

] —F
A T
REference  Geographic/Building Reference:
To ease complex system construction, you can build within a reference framework linked to the
building, where coordinates (X, Y, Z) match the architectural plan. This framework enables scene

rotation according to geographic coordinates, and you can toggle between coordinate systems
using dedicated 3D editor toolbar buttons.

The construction reference includes the following section:

#PVSYST
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¥ Azimuth

eographical = Building

Azimuth difference 0.0 =

This tool modifies the azimuth of the entire scene.

z
x ¥ E L
Viewoptiens  Global Reference Orientations

The global reference system for the shading scene aligns with cardinal points:

Northern Hemisphere: X-direction is west, Y-direction is south, and Z points upward (zenith). PV
field azimuths are defined relative to the south (OY) and are positively oriented clockwise toward
the west.

Southern Hemisphere: X points east, Y north. Azimuths are measured from north (OY) and
oriented positively counterclockwise toward the west.
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Scene objects | Tools  Reference In the 3D scene window, the right section

% Scene objects contains two tabs:

Name & | Scene Objects: View scene objects, existing
EHE PV Fields (5) orientations, and created groups, allowing zone
-3 Table #1, Zone #1; v | selection.
-3 Table #2, Zone #1 v
[ Table #3, Zone #1 v
:, Table #4, Zone #1 « | Tools: Access various tools previously
[ Table #5, Zone #1 v | mentioned.

-] objects (1)

] Scene objects | Tools
¥ ground-99DEADB34AB04CCEBEE1A. .

¥ Observer position
¥ 5Sun position
¥» Zone editing

¥ Shadings animation

Orientations

ﬂ;ll Orientations management I 9

=22 Orientations (2)

#1: Tracking horizontal axis, Azim. 0.0%
L g Fixed, Tilt 30.0%, Azim, 0.0

P

¥ Groups and zones

E’ Mew group 9

=-Ed Zone #1(5)
>|:| Table #1, Zone
>|:| Table #2, Zone
>|:| Table #3, Zone
IZI Table #4, Zone
[ Table #5, Zone

=

[y

oA o W W
-

[y
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Shading animation:

This tool displays the shadow animation in the scene for a given date. By default, it is set to
December 21, the day of the lowest sun height in the Northern Hemisphere. The interval can be
adjusted for a more precise shadow result.

Clicking this icon starts the shadow animation.

o Yo ot by
Sl B S S Qe ide 90 B S A /& lc |

s o 3%

R || e

o col s S0 (R E—— EX TR Bt w9790 Tkl mron o e 4

For example, the linear shading on PV module surfaces on December 21 is 11.3%.

% Shadings animation

Day of year 21,12.2025

Step duration I 15 minutes \»’I
1.0

IShaldin;; Icrés :rln c:ln!ear r;:lm,r:I
Geam linear loss 11.3%

0.8

0.6

0.4

0.2

0.0 . . : .
& 10 12 14 16 1t

> M
The sun icon locks the view to the sun's
position, and the horizontal scroll bar lets you navigate the hours of the day, adjusting the sun’s

H
position simultaneously. The save icon enables video creation of the animation that can
be saved.
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10.510.5 Module string partitioning
General definition

The partition model for electrical shading is an approximation that allows shading losses to be
calculated more quickly than with the detailed “module layout” approach. This method works
particularly well for regular systems arranged in rows.

The partition model is based on the observation that a single shading point on a photovoltaic cell
can cause significant losses, often to the extent of disabling an entire string of modules.

In each PV table of the 3D scene, rectangles called partitions are defined, each representing an
area that can be affected by individual shading. When a partition is sufficiently shaded, it is
considered inactive for the direct irradiance component. In 3D animations, these electrically
shaded partitions appear in yellow.

L Zénith

The electrical loss due to the direct Z::clihﬁpont i thn calculated by‘corﬁpéring the electrically
shaded area (yellow partitions) with the geometrically shaded areas, shown in grey.

The partition model, also referred to as “according to module strings” in PVsyst, is the original
method used to calculate the electrical effects of partial shading.
—Use in simulation
() Mo Shadings
) Linear shadings

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

D
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Procedure

In the 3D scene, open the PV table window by double-clicking on it. You must then define the
“Partitioning” for each PV table or group of modules in the scene.

'V table (with frame)

DINE FEEREEEEE = 1S

viodul... Measure View options
Basic parameters  Table size | Partition

Electrical shadings calculation

History Selec... Point of view

Lz

Definition of four partitions in height

Zoom

£ | S

Divide the PV area in rectangular partitions. Each
rectangle will be independently affected by partial

\ shading.
Wrtition

—Number of pa

Nb. rectangles in height (¥} N
:

Mb. rectangles in width ()

—Partition sizes
Height of the rectangles m
Length of the rectangles m
i.e. about & modules per rectangle
= —Apply the partition to:
State

O cancel all partitions

The selection of tables
2 all tables of same size a
0 all tables of the scene
(2 Al tables in the same orientation D

|

Q-ﬂpplv

Partitions fully defined

X s | [ o e

Grid cell sze: 1.00 m Perspective view « X:3.36, Y:3.00m Active area : 97.90 m#

Total number of modules: 44

In the “Partition” tab, you can define:

The number of divisions in height and width :

D
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Basic parameters  Table size | Partition

Electrical shadings calculation

Divide the PV area in rectangular partitions, Each
rectangle will be independently affected by partial

shading.

Define partition 7 ]
—Number of partitions

Mb. rectangles in height () 4

Mb, rectangles in width (X) 1

S—
—Partition sizes
Height of the rectangles 1L0& |m

Length of the rectangles 1.77 | m

i.e. about & modules per rectangle

—Apply the partition to:

Cancel all partitions State
The selection of tables
All tables of same size
All tables of the scene

All tables in the same orientation

anply

Partitions fully defined

If the scene includes multiple PV tables or module groups, you have the option to transfer this
partition size definition to all other PV tables/groups.

Remove all partitions: deletes the definitions; electrical calculation is no longer
possible.

Selection of tables: if you have defined a multiple selection in the global 3D scene, you
can apply this partition to all selected tables.

All tables of same dimensions: the partition can be applied to a set of identical tables.
All tables in the scene: sets all tables as “Partition defined.”

All tables with the same orientation: applies the partition definition to tables that share
the same orientation.

Once these definitions are completed, in the main “Near Shadings” window, you can select
“Use in simulation > According to module strings” and define the “Electrical effect fraction.”
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Fraction for electrical effect

-

Mear Shadings definition, Variant Detailed losses™

—MNear shadings 3D scene

Comment |r-1v_villa_'|n_Geneva |
| = Import |
° Construction / Perspective
| = Export |
—Compatibility between system parameters and shading definitions
Orientation [ #1: Fixed, Tiit 25.0%, Azim. -70.0° | 0 | C, orientations |
PV system 3D scene
Mumber of sub-arrays 11 Associated 3D tables
P modules [ tables area 48.9m2 489 m2  Size of PV modules 212 x 1.05 m
Mumber of PV modules 22 22
Shading factors
| £ Table
| Graph
—Use in simulation —Calculation mode
O No shadings O Fast (table) i 0
() Linear shadings =
Fraction for electrical effect 100.0) . o6 p
® According to module strings
() Detailed electrical calculation (ace. to module layout)
Q System overview | ‘ H Print | ‘ x Cancel | ‘ / 0K |

During the simulation, PVsyst can reduce electrical shading losses in the partition model using a
factor called the “Electrical effect fraction”, which can be defined in the 3D scene.

By default, this factor is set to 100%, meaning that the partition model is fully applied. However,
to obtain a more realistic evaluation of electrical losses due to shading, the “Module layout”
tool can be used. This tool allows you to:

e precisely position each module in the geometric layout,
¢ identify each electrical string in the system.

Combined with shading calculations, this tool evaluates the actuall/V curve of the entire PV array
(for a given MPPT input) and provides a realistic estimation of mismatch losses.

By comparing the electrical losses calculated using the “Module layout” option with those
obtained using the approximate “according to module strings” approach, you can determine
the appropriate “Electrical effect fraction” to align the results with the detailed calculation.

Forexample, if the “according to module strings” option indicates 4% electrical losses and the
“Module layout” calculation gives 3%, then the Electrical effect fraction should be set to 75%,

3%

calculatedas: —— * 100 == 75%
4%
. T
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Partitioning rules - Practical guide

When modeling electrical shading in PVsyst, partitioning allows proper representation of
mismatch effects between partially shaded modules.

The objective is simple:

e group within the same partition the modules that receive the same shading and therefore
operate under similar conditions.

For simplicity, we describe string configurations using a standardized notation.

1. How to describe a configuration?
We use the following format:

x — Orientation - (optional U)

x = Number of rows in height

This corresponds to the number of rows occupied by the strings connected to the same MPPT.
If allmodules in a string are on a single row > x =1

If a string is distributed over 2 rows > x =2

By default, one row is assumed.

Module orientation

Code Meaning

L Landscape modules
P Standard portrait modules
T Half-cut modules in portrait

Option U (U-shaped wiring)

The letter U is added when the string is distributed over several rows with a back-and-forth (U-
shaped) wiring layout.

This type of wiring modifies how shading is electrically distributed.

2. How many partitions should be defined?

The table below indicates the recommended number of partitions in height depending on the
configuration.

% |2 T
& IHL}{%T'}E)-I PVsyst SA - Grid Connected Systems - User’s manual Page 104
EOFTWARE



Case Recommended Example
vertical
partitions
1L 2 partitions
(Landscape

orientation)

~J
Recommended
One row of modules partitioning

Landscape orientation

In the 1L case, each table represents one string. To better estimate electrical mismatch losses, two
vertical partitions are defined instead of just one. This original approach, validated by comparison with
the module layout model, provides a better approximation of mismatch losses.

xL X partitions —
Two rows of modules in parallel i
Recorp_me_nded
partitioning Landscape orientation
In the case of a table with x strings in landscape orientation, the
number of partitions corresponds to the number of strings (x).
xLU 3x partitions —
~J
U-shaped connections Recommended _
partitioning
Landscape orientation
xP X partitions

Two rows of modules in parallel Recommended
partitioning
Portrait orientation

#PVSYST
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xPU Module layout —
recommended -
i~
U-shaped connections Module layout
recommended
Portrait orientation
xT 2x partitions —
~J
Recommended
Two rows of modules in parallel partitioning
Portrait orientation
(half-cut)
xTU X partitions —
i~
Reoomrnepded
U-shaped connections partitioning
Portrait orientation
(half-cut)

When should “Module Layout” be used?
Itis recommended to use the Module Layout tool when:

strings are distributed irregularly,

tables are complex or non-uniform,

multiple rows are wired in U-shape in portrait orientation,

the system is very large and mismatch is critical.

The module layout approach provides a more accurate electrical modeling than simplified rules.

Important note

The rules above are validated approximations that allow a realistic estimation of electrical losses
due to shading, without systematically using the Module Layout.

They represent a good compromise between:
e modeling simplicity,
e computation time,

e accuracy of results.

D T
ﬁ !H{)}{ﬂéyh-l PVsyst SA - Grid Connected Systems - User’s manual Page 106
EOFTWARE



11 Module Layout

The Module Layout toolis intended for detailed calculation of electrical mismatch losses due to
shading.

It requires a precise description of the position of each PV module in the 3D scene, aswell as the
interconnection of modules into strings according to the inverters defined in the System section.

11.1 General description of the Module Layout

The evaluation of electrical losses due to shading requires calculating the I/V characteristics of
the entire PV array. This is done by summing the voltages (I/V curves) of each module within a
string, and then summing the currents of each string.

The I/V curves depend on the partial shading affecting each PV module. Therefore, your variant
must correctly define:

e the exact geometric position of each module,
¢ the assignment of modules to strings and electrical sub-arrays.
Thus, defining the Module Layout involves:
e building the 3D shading scene to properly position the modules,
o defining the electrical sub-arrays (PV modules and inverters) in the System section.

These two elements must be properly defined before using the Module Layout tool. Any
subsequent modification of these parameters (shading or system definition) may affect the
module arrangement and require a revision. For this reason, the Module Layout is usually the
final step in the design of a PV system.

11.2 Procedure

The Module Layout window displays a 2D representation of all PV tables defined in the 3D
scene. Each 3D sub-array element (for example, a fixed-tilt table or a tracker) is referred to as a
Table.

¥ Definitions of Module Layout on 3D-shading sensitive areas

Table choice (: areas) | PV syst
wray AL shed®L -]~ PV module System Nb. modules in series 24 Total area 2563.2 m?
rray Al sned= N Mono 440 Wp Twin 144 half-cells Total number of strings 48 Total power 506.9 kWp
W xH1.052x2.115m? Total number of modules 1152 1152 mod. left to be positioned
Mechanical
Please set the module arrangement on each table.
Mechanical arrangement of modules on the tables
(elementary subfield areas) as defined in the 3D scene (button "Set fules” or "Set all dules™).
~Selected table, 3D corr d 0
! ! L L »
Hame Array AL, shedil 780 w15 Cotbw#is Cotsz 11" o B @
Pasition in ML Row#1 Col#1 ] ] - ~
Table size 25708 mx 2.115m Row#14 Col#3
owk14 Colbw#id Cold2 or
Module size 2115 mx 1.052 m LI E—— ] P S @\
Total on this table 0 modules oWET3 ColbwEi3 Colgz  ROWE13 Coltd
—T— — "
~Module ar 140 —bowi12 ColBbui12 Cold? Row#12 Coi#3 « -
T C—
Full system | Selected tables oW1 ColEbwti1 Colt? Rowd#11 Col#3 3 %
120 f——T——— r— -
Module spacing inX inv m onE10 ColEbua{0 Cotsz  FOWEID Coi#3 B,
i j —— e —
Filing mode lod orient 100wt Coreonas otz Faws9 Gorsa i
® From eft O From top ® portait T ==
O Centered O Centered Bowts CoeRonts Cowz ~ Rowhs Colé3 Lx
O From right ® From bottom © tandscape P e m— L
ow7 CotgRondiT Colt2  Row#7 Cole3
~Modules———— bl:l m
— [ow#6 CoiftRon#s Cols2 o6 Col
= add oy 60 -
Add ron | B setall modies \ T
_— [row#5 Col#Ron5 Cott2
& Add column
b 10 —Rowe CorRoned Cole2 |
Delete row | pelete all modhies | [lowtt3 ColtRowd3 Col2
- ] T
20 -
Delete column ond2 ColRRonA2 Cole2
ond ! Cot2
0
~Match the table sizes to these modules—————————— lIJ 5‘0 ?éo ?!;0 2[')0 2;0 3é0
Resize the tables acc. to the PV modules defined here
1 Match selection 5 Match all tables
Q System overview & Open m scene Bl Print o Erase def, x Cancel OK
# PVSYST
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If multiple orientations have been defined, they can be displayed separately. A dropdown menu
allows you to switch from one orientation to another.

The blue panelin the top right provides information about the current status of the Module Layout
definitions and gives guidance on the next action to take.

The 2 main steps:
1. “Mechanical” tab
e Displays an approximate 2D representation of all tables from the 3D scene.

o Allows positioning of all modules as defined in the “System” section, for each
orientation.

2. “Electrical” tab

e Allows assigning each module to a specific string according to the sub-array
definitions in the “System” section.

Additional learning tools:

Two additional tabs are available, but are not required for defining the Module Layout used in the
simulation:

“3D Shading”: Displays the actual shading on all tables connected to a selected MPPT input, as
well as the corresponding I/V curves for each shaded PV module.

*  Definitions of Module Layout on 30-shading sensitive areas

Table choice (: areas) 1 PV syst
’7!”‘” oL shedet = PV module System Nb. modules in series 24 Total area 2563.2 m2
4 Mono 440 Wp Twin 144 half-cells Total number of strings 48 Total power 506.9 kWp
WX HL.052x 2.115 m? Total number of modules 1152 All modules positioned.
Mechanical Electrical Shadings 3D | 1/V curve Modules assigned to strings 1152 All modules assigned.

The electrical calculation is performed for each d Module Layout ready for the electrical shading calculations.

MPPT input - _ - =
You can analyze the electrical behaviour in "Shadings 30", and use
Date  21/12/11 16h30 & itin the simulation! i

inverter ciroutt (MPPT input) for I/V calculation IV Curves for clear day conditions, Irrad = 76 W/m?

[ M - Inverter #1, strings #1 to 8
T T T T T
Inverter model 60 kWac string inverter, gMPPT | | } | | - unshaded é
PV module model Mono 440 Wp Twin 144 half-cells . Shaded resultant }% i
Number of strings 8 stings=lte=s | | b | | B S P.mpp: 5.9 kW
Number of modules in series 24 sl & - i
Orientation #1
Results sk i
Plane irradiance Orient. #1
Global 76 Wijm2
Beam 86 Wjm2 -
Diffuse+albedo 10 Wjm2

Diffuse/Global ratio 13.4 %

This inverter  Global System

Shading factor (fheam), iradiance  35.9 % 49.3% '.
Shading rel. loss, irradiance 321% 42.7 % T w[ \ \ \ T
Shading factor (fbeam), electrical 10.9 % 8.3% 1 \ \ \ \m\\\\\ 1
shading rel. loss, electrical 9.5 % 7.2% \ \ \\m\\\\\
o L
[ Linear shades calculation = | -200 0 200 400 1200
IN curve
Acc. to shaded comers (fast) = Tensien (4
Geometric calculation (slower)
‘ qsysﬁm averview & Open 3D scene | E Print. ‘ ‘ o Erase def. ‘ ‘ x Cancel | | oK ‘

“l/V Curve”: Displays the detailed I/V curves for the MPPT input, by summing the voltages of
modules connected in series within each string and the currents of each string within the MPPT.
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¥ Definitions of Module Layout on 30-shading sensitive areas

Mechanical Electrical Shadings 30 | I/V curve

Modules assigned to strings

1152 All modules positioned.
1152 All modules assigned.

Table choice (: areas) | PV syst
’7 urray A1, shed#1 o PV module System Nb. modules in series 24 Total area 2563.2 m?
- Mono 440 Wp Twin 144 half-cells Total number of strings 48 Total power 506.9 kWp
W xH1.052x2.115m? Total number of modules

The electrical calculation is performed for each d Module Layout ready for the electrical shading calculations.

MPPT input

You can analyze the electrical behaviour in "Shadings 3D", and use
21/12/11

16h30 & itin the simulation!

Date

Inverter circuit (MPET input) for I/V calculation IV Curves for clear day conditions, Irrad = 76 W/m*

This inverter Global System

[ ]~ - Inverter #1, strings #1 to 8
T T T T T
Inverter model 60 kwac string inverter,sMppT | | L | - unshaded 2
—— Shaded resultant £l
PV moduie model Hono 440 Wp Twin 144 half-cells 4 aced resultan E i
Number of strings 8 smngs=lte=s | | b | ] I '——--F.mpp: 5.9 kW
Number of modules in series 24 sl E - i
Orientation #1
Results sl i
Plane irradiance Orient. #1
Global 76 Wjm?
Beam 66 Wjm? —
Diffuse+Albeda 10 Wfm?2
Diffuse/Global ratio 13.4 %

=

Shading factor (fbeam), iradiance  36.9 % 9.3% . '
shading rel loss, irradiance  32.1%  42.7% T T 1
Shading factor (fbeam), electrical 10.9 % 8.3% i \ \ \ \m\\\\\ -
Shading rel. loss, electrical 9.50% 7.2% \ \ \‘\\\\\\\\\
o L
rLinear shades calculation =W | -200 0 200 400 1200
IN curve
Acc. to shaded corners (fast) I————— Tension [V]
Geometric calculation (slower)
‘ Q System overview [ Open 30 scene | i Print ‘ ‘ <’ Erase def. ‘ ‘ x Cancel | | oK

Electrical calculations and irradiance modeling

Electrical calculations take into account both direct and diffuse irradiance components. Even
when a sub-moduleis fully shaded (in terms of direct irradiance), the remaining diffuse irradiance
ensures a minimum current in the string.

¢ Since diffuse irradiance is omnidirectional, it is assumed to be uniform across the PV
table and is affected by a constant shading factor, calculated once for the entire

simulation.

e The albedo contribution is evaluated in the same way, using a constant shading factor.

The Module Layout definitions are mainly used in the simulation for a detailed calculation of
electrical losses due to shading.

Output of the Module Layout definitions

This tool can also be useful for supporting the design of module wiring in your real PV system.

The Module Layout definitions can be:

e printed separately,

¢ includedinthe final simulation report in various predefined formats.

11.3 Limitations

Thin-film modules

The Module Layout tool is desighed only for crystalline modules with standard rectangular cells.
Itis not applicable to thin-film modules, where each cell is a strip of about 10 mm wide running
along the full length of the module.

#PVSYST
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In this case: electrical mismatch losses are negligible if the shading is perpendicular to the cells,
meaning all cells are equally illuminated (cells arranged in portrait within a row). On the other
hand, shading losses are maximal if the shadow is parallel to the cells, since a single shaded cell
in series can block the current of the entire module.

This behavior cannot currently be represented in the Module Layout tool.

Thin shadows

The tool underestimates the impact of long and thin shadows (e.g., poles) due to the method
used to detect shaded sub-modules.

If your 3D scene includes such objects, itis recommended to use the partition model instead.

Very large systems

The Module Layout tool is suitable for systems up to a few MWp at most.

Main limitations:
o Difficulty in defining the position of all modules when the interconnection is not regular.

¢ High computation time during simulation.

PVsyst sets a “reasonable” limit at around 1 MWp, with an upper limit that can be adjusted (up
to 5 MWp) via the advanced settings:

o “Power limit for Module Layout warning”

o “Power limit for Module Layout error”

For very large systems, itis recommended to:
1. Define a representative sub-system (e.g., one central inverter).
2. Simulate this sub-system using both methods:
o Module Layout
o Partition model

3. Evaluate the “Electrical effect fraction” specific to your system (generally close to
100% for regular systems).

4. Simulate the entire system using the “According to module strings” option, applying the
factor in “Calculation mode - Electrical effect fraction.”

This latter method requires a computation time similar to the linear shading option.

11.4 Relevant advanced parameters

The Module Layout model is controlled by several advanced parameters available in Settings >
Edit advanced parameters.
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Min. shade area to count as shaded (default value: 0.024 m2):

When a small shadow polygon covers a sub-module without specifically covering a corner,
the shading is ignored if its area is below this value.

Min. shading factor for electrical calculation (default value: 1%):

If linear shading is below this fraction for the string field, electrical shading losses are
considered zero, i.e.:

Pe1eC =0

Max. shading factor for electrical calculation (default value: 98%):
Above this value, the string field is considered fully shaded, i.e.:

Pe]eC =0

Frac. bottom cell for no shading (default value: 50%):

When a shadow covers only a fraction of a cell, the electrical loss varies linearly with the shaded
portion of the cell.

Introducing a threshold at 50% of the cell width (expressed as the height of the shading polygon)
to trigger electrical shading allows a more realistic modeling of mutual shading behavior.

In practice, the linear variation across the cell width is approximated by a step at 50% of the cell
width.

Control parameters for warnings and errors:

These parameters limit the use of the Module Layout for systems that are too large or when the
size of 3D tables has changed:

o Tolerance for size difference between Module Layout and 3D tables
> Default value: 2%

e Power limit for Module Layout warning
> Default value: 1000 kW (1 MWp)

e Power limit for Module Layout error

> Default value: 5000 kW (5 MWp). Above this limit, the use of Module Layout is not
allowed (modifiable in the advanced settings).

11.5 Mechanical definition

The purpose of this tool is to distribute the PV modules (defined in the sub-arrays of the
“System” section) across the Tables defined in the 3D shading scene editor.
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’—'Hl:le choice (3D

Array A1, shed#1 7

=]

(elementary subfield areas) as

Mechanical arrangement of modules on the tables

1]

defined in the 3D scene

Total on this table

lected table, 3D cor
Mame Array Al, shed#1
Position in ML Row#1 Col#1
Table size 25708 mx 2115 m
Module size 2.115m x 1.052 m

0 modules

—HModule ar

Full system | Selected tables

Module spacing

in% [0.02 ] inv m

neral PV syst
PV module
Mono 440 Wp Twin 144 half-cells

W xH1.052x 2.115m?

System MNb. modules in series
Total number of strings
Total number of modules

24 Total area
48 Total power

2563.2 m?
506.9 kWp

1152 1152 mod. left to be positioned

Please set the module arrangement on each table.

0 (button "Set modules” or "Set all modules™).

—Filling mode: lod arient:
® From left O From top y
O Centered O Centered g f“"sa't
O From right @® From bottom andscape
Modules:
Add row Set all modules
Add column
Delete row [ Delete all modules I
Delete column

[ Match selection

—Match the table sizes to these modules—————————————
Resize the tables acc.to the PV modules defined here

5 Match all tables

180 1 Rt T ol n
out15 Colbwe15 ColE2 o
s == . @,
owst14 Colond14 Cogz  Fowstd Co3
1680 —g—— — b
Rowit13 Coi#3 e,
out13 ColRbwei3 ColE2
&
140 —pow12 Cotbwei2 Cotgz  FoW#12 Col23 « | )
— | —1
owst! 1 Colond11 Corgz  FowsT? Coi3 s FRI,,l
7 Rowit10 Coi#3 o
oud10 ColRbwe10 Cole2 o
| e —— L
_Row#9 CottRon#9 Colt2 Row#d Cot#3 i
e | — —
Row#8 Col#Ron8 Col#2 fowsd Cof#3 Ly
PP E—— e
“Rowe7 Commone7 corz  Rowd7 Col3 o
E— — | —
Rowi6 Cols3
go [Fows CoisRows6 Cots2 Rowes Cof i
Rowts CotsRowes Cole2
40 —Row#d ColtRowd Col#2 i
——
Row#3 CotsRow#3 Col#2
—T1——
20 —Row#2 CofRow2 Colt2 |
———1—
o1 Col#2
a T T T T . .
0 50 100 150 200 250 300 "
[ Q EESE & Open 0 scene [ B print | ’ o Erase def. | { *K cancel oK

It is therefore necessary to have a well-defined 3D scene and a properly configured System
before using the Module Layout tool.

The number of PV modules must match the number of modules defined in the sub-arrays, for
each orientation. A dedicated view is available for each orientation.

In the Mechanical tab, under the full system section, click on the Define all modules button.

See its location in the screenshot below:
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See its location in the screenshot below:
Mechanical = Electrical

Mechanical arrangement of modules on the tables 0
(elementary subfield areas) as defined in the 3D scene

—Selected table, 3D correspondance

Mame Array Al, shed#1
Position in ML Row#1 Col#l
Table size 25708 m x 2.115 m Area
Module size 2.115 m x 1.052 m 53.4 m2
Total on this table 24 modules

—Module arrangement

Full system | Selected tables

Module spacing inX [0.02 | inY [0.02 | m
—Filling mode od orient——
® From left ) From top .

Portrait

() Centered ) Centered g Lurdal

) From right ®) From bottom andscape
—Modules

[ Add row | [ Set all modules |I

[ Add column |

[ Delete row | [ Delete all modules |
[ Delete column |

—Match the table sizes to these modules

Resize the tables acc. to the PY modules defined here

1 Match selection | I &F Match all tables

Panneau d’informations et paramétrage mécanique
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Le panneau bleu (en haut a droite) informe en permanence sur l’état des définitions
mécaniques ainsi que sur les actions a effectuer.”

¥ Definitions of Module Layout on 30-shading sensitive areas

Table choice (: areas) | PV syst
N AL shed=1 B PV module System Nb. modules in series 24 Total area 2563.2 m?
rray Al sned= N Mono 440 Wp Twin 144 half-cells Total number of strings 48 Total power 506.9 kWp
WxH1.052x2.115m? Total number of modules 1152 1152 mod. left to be positioned
Mechanical
Please set the module arrangement on each table.
Mechanical arrangement of modules on the tables
(elementary subfield areas) as defined in the 3D scene (button "Set fules” or "Set all dules™).
d table, 3D cor
Name Array Al, shed#1 L L L L L L L L L L L L ~
Position in ML Row#1 Col#1 . R ®\
Table size 25708 mx 2.115m 354 Row#7 Coll Row#7 Coi#2 K -
Module size 2.115 m x 1.052 m | | | | " @\
Total on this table 0 modules
30 -] « RE
~Module ar Row#é Col# Row#6 Coi#2
Ful system | Selected tables [ | | | : [
254 -
Module spacing inX inY m RowEs Col# Row#3 Col#2 B,
(Filngmode | (-Mod orient [ | | |
® From left © From top § 20 ] L -1
O Centered O Centered 8 poroait Rowe4 Coe1 Rowts Coit x
O From right ® From bottom Landscape | | | |
15 -
Modules Row#3 Colt] Rowit3 Cot2
Add row | Set al modules ‘ | | | I
A 10 o o
e Row#2 Cot#1 Row#2 Col#2
Delete row | Elektedl moddes | 51 | | | | I
Ron#l Col# Row#1 Col#2
Delete column I — | | |
N o T T T T T T T T T T T T
~Match the table sizes to these modules———————————
o 5 10 15 20 25 30 35 40 45 50 55 60 v
Resize the tables acc. to the PV modules defined here . .
1 Match selection 5 Match all tables
‘ Q System overview &/ Open 30 scene | Bl print ‘ | O Erase def. | ‘ x Cancel | | / oK

The “Mechanical” dialog, located on the left side of the window, allows you to:

display the main characteristics of the selected table,

assign modules to tables, either for the entire system, a specific orientation, or a

selection of tables,
define:

o the spacing between modules,
o thefilling mode (if the table is larger than required),
o the module orientation (portrait or landscape).

If the 3D space is insufficient, some modules required by the system sub-arrays may be missing.
In this case, it is possible to add rows or columns of modules if needed. If a table belongs to a
field, all tables in that field will be affected.

Removing modules
Itis possible to remove a module by right-clicking on it.

This allows precise adjustment of the required number of modules and avoids the use of
unnecessary polygonal fields, which are reserved for specific BIPV cases.

However, removing too many modules may slightly affect shading calculations.
Adjusting tables to modules

Before proceeding to the next steps, the 3D tables must exactly match the PV modules.
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If this is not the case, use the following buttons:

Match the table sizes to these modules

Resize the tables acc.to the PV modules defined here

1 Match selection &P Match all tables

o “Adjust selection” to adjust a single table,
o “Adjust all tables” to adjust all tables.
Special case: 3D polygonal field
e Theraw polygonal surface (e.g., available roof area) is initially filled with modules.
e Modules can be added or removed using the mouse.

e Once the layout is adjusted, use “Match to Table” to adapt the field perimeter around
the modules.

Once all these steps are completed, you can proceed to the “Electrical” tool.

11.5.1 Definition of tables in the 3D scene (reminder)
Important reminder:

When defining PV fields in the 3D scene, it is recommended to use the “By modules” option so
that table sizes are correctly predefined.
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PV table (with frame)

~~ Y, £ Tef e - -
Se B y2Baanl |eae@e LA
History Selec... Point of view Zoom Viodul... Measure View options
‘EZ Basic parameters | Table size | Partition
: LeEinits
I_ ® By modules (adjust sizes) I 0

[@] By sensitive sizes
“By modul
Reference PV module

Mono 440 Wp Twin 144 half-cells

Module width
Module length

Orientation

Mb. of modules in length (¥)
Mb. of modules in height (¥)

Modules X spacing

v

Modules ¥ spacing

—Sensitive area
Height 212 |m
Length 10.66 |m
Table area 22,63 m*
Required area 2563.2 m2

—Frame around

| Leftfright
Y Top/bottom
X
i cancel ” " Close object |

Grid cell sze: 1.00 m Perspective view « X: 0.00, ¥: 0.00m Active area : 2563.18 m? Total number of modules: 1152

However, it is also possible to freely define tables with sufficient space to accommodate your
modules. These tables will be automatically adjusted when exiting the tool.

11.5.2 Graphical view of module placement
After defining the spatial placement of all modules, the result is as follows:
o Alltables for a specific system orientation are displayed as in the 3D scene.
e Tables are numbered in rows and columns for easy identification.
e This numbering is automatic, based on the geometric layout (it cannot be modified).
e A compass (top right of the drawing) indicates the orientation.
e |f multiple orientations are defined, a dropdown menu allows you to select them.

Example: The compass indicates an azimuth of 0° (south).
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| ..... |. ..... l ..... |. ..... I. ..... } ..... l ..... L I I I I T i ]
N - ®\
Lig#5 Col#1 Liga5 Colz2 1 o
20 Sl I IIITIRIIIITpIIICIpCIIIIpITITIpoIIIs TIITITIIIIRIIIITEIIIINIIINNT :::::t:::jr B A
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Lig#4 Col#1 ig#4 Co oRs
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L I e e Py ) e () SR T (e EEE (e B EE e B B
................................... | 5
Lig#3 Col#1 Lig#3 Cot#2 . —
e I ) ) Gy G T e e e e e R | X!
RS I EEEEE FEEER FEEER EEEEE SEEER FEEEE FEERE 5a005|{50505|{sa0sal}asasaliasassijsaansl{saass =

o 5 i0 15 20 25 30 25

Table selection

e Clickon atable to selectit (red outline).
e Multiple selection: Ctrl + left-click.

o Deselect: Ctrl + right-click (orange outline).

Available tools (icons on the right):
e Zoom IN/OUT (also using the mouse wheel).
e Save the table image as a *.BMP file.
e Selecttable labels (3D Name, “Orient#, Row#, Col#” or condensed version).
e Swap string assignment (see section 10.7.3 Toolbar).

e Deselect all selected tables.

11.6 Electrical definition

The purpose of this tool is to assign a string (defined in the sub-arrays of the “System” section)
to each module placed on the tables.

This step can only be performed after a correct definition of the mechanical parameters.

#PVSYST

FHOTOVOLTAIC
SOFTWARE

PVsyst SA - Grid Connected Systems - User’s manual Page 117



Mechanical Electrical = Shadings 3D

Each module of the whole system should be attributed to
an electrical string defined in the System defintions d

Module properties
3 sub-modules (i.e. functional by pass diodes)
Arrangement  Half-cut cells twin module

Strings attribution

Show string numbers « Auto attribution | d

Flease select a string, then dick on each relevant module in the
table.

11.6.1 String list
The left panel displays the list of all inverter inputs (or MPPTs) defined in the sub-arrays.

Mechanical | Electrical

Each module of the whole system should be attributed to
an electrical string defined in the System defintions d

—Module properti
3 sub-modules {i.e. functional by pass diodes)
Arrangement  Half-cut cells twin module

Strings attribution

v Auto attribution | d

Please select a string, then dick on each relevant module in the
b=

Inverter #1, PV Array
I
QOO0 Ooon 00040 OOoo Oodod Ooodo
QOO0 Ooon 00040 OOoo Oodod Ooodo
QOO0 Ooon 00040 OOoo Oodod Ooodo
0000 O0OoOo 0000 00O O0doo oood
QOO0 Ooon 00040 OOoo Oodod Ooodo

7 U000 4000 O0o0 00O OoOoo O
I

S8 000 OOO0 0000 OO0 OOoOO o
S10 O0O0O0 0000 0000 OO0 OOoOO o

S11 O0O0O0 0000 0000 OO0 OOoOO o
S12 0000 OO0 0000 OO0 OOoOO o

513 OO0O0O OO000 0000 0000 OOdoo oood
S14 O0O0O0 OO0O0 0000 OOoo O0OoOdO oodoa
$15 QOO0 0000 dOod dood Ooood Oado
s16 L0000 OO0 O0O0O0 O0o0 OOoOdO Oodo
Inverter £3, PV Array

17 0000 OOo0 00040 O0oo OOoOdOd Oodo

o FEach stringis represented by a set of PV modules, with a different color depending on its
number (colors 1 to 10).

o Example: 5 strings per inverter, 16 modules per string.

11.6.2 Automatic string assignment

For large systems, the “Automatic assignment” button opens a dedicated window.
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Automatic assignhment of modules to strings

FModule Layout on

Table choice (. areas) General PV syst
’7 : PV module System Nb. modules in sengs 24 Total area 2563.2 m?
= Mono 440 Wp Twin 144 half-cells Total number of strings 48 Total power 506.9 kWp
W xH1.052x2.115m? Total number of modules 1152 All modules positioned.
Mechanical | Electrical Modules assigned to strings 0 1152 modules left to be attributed
Each madule of the whale system should be attributed to 0 Flease attribute each PY module to an electrical string.
an electrical string defined in the System defintions
You can manually attribute strings to each module, or choose the
Module properti "Auto attribution” button.
3 sub-modules (i.e. functional by pass diodes) 180 s TR TS CoY - L L - = @
Arrangement  Half-cut cells twin module T )y /= = S
Ron#14 Coi#3
160 _DW#H Colbw#14 Colg2 . e\
. Row#13 Coi#d
s attribution bowk13 Colbu#13 Cole2 m
140 | Row#12 Col#3 « - '
+ Auto attribution 0 fow#12 Col®bwd 12 Cold2 -
P\aﬁse select a string, then dick 120 ons 1 COMI"’W” CO”’I? ﬁ:aw” (;a#:s s ﬁ
table. -
ow#10 Colbwitio Colzz  Fow#10 Colfd
Inverter #1, PV Array B | — —] e 5y
51 0000 0000 0000 0000 0000 0000 100 —fRowsS Coliowss Cotez oWk Corts - =
s2 00000000 0000 0000 0000 0000 ——— e
53 000000000000 0000 0000 0000 % —
54 D000 0000 0000 0000 0000 0000 Ll Sp—— -
55 00000000 0000 0000 0000 0000 ot ColtfoneT Cole?
56 D000 0000 0000 0000 0000 0000 g0 _[Fow#6 CoitRonss Cogz  Rowst Coi#3 |
§7 D000 0000 0000 0000 0000 0000 i oo =
s D000 0000 D000 0000 0000 0000
Inverter #2. PV Ammay 40 —Jlowdts ColtiRon4 Cote2 -
59 D000 0000 0000 0000 0000 0000 L
510 0000 0000 0000 0000 0000 0000 [fouk3 ColfRonds Colk2
511 0000 0000 0000 0000 0000 0000 20 —Row#2 Coi#Ron#2 Col#2 N
512 0000 0000 0000 0000 0000 0000
513 0000 0000 0000 0000 0000 0000 W
514 D000 0000 0000 0000 0000 0000 o T T T T T T
515 D000 0000 0000 0000 0000 0000 0 0 100 120 200 250 00~
516 D000 0000 0000 0000 0000 0000
Inverter #3, PMArmay . .. ... ...
517 0000 0000 0000 0008 5000 0000 - ‘ Q) syetemoveriew || & Open 30 scene | e Print | ‘ O Erace def. | ‘ ¥ concel || o |

The assignment of each PV module to a string can be done manually using the mouse, but this
approach becomes impractical for large systems.

PVsyst provides several automatic string assignment strategies, based on different approaches.

This feature is accessible via the “Automatic assignment” button, which opens a dedicated

window.
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¥ Automatic strings attributions to PY modules

—Modules distrib. within tables—

—Filling mode
® String on one row

Q String on 2 rows

Q String on 3 rows

Q String on 4 rows

Q String on 5 rows

() Remaining not attributed

—Distrib. from table to table ——

—Strings distributed on————
@® Cne table
) 2 tables
) 3 tables
) 4 tables
O 5 tables
Same row per MPPT

‘ [[] Distribute selection

‘ [7] Distribute all

—Filling direction———

—Filling direction————

(® Horizontally (® Horizontally
Vertically ) Vertically
—Filling origin —Filling origin
(®) From bottom left (®) From bottom left
() From bottom right () From bottom right
From top left ) From top left
From top right () From top right
—Filling mode —Filling mode
() Going Back And Forth () Going Back And Forth
() Left to right aligned (® Left to right
(® Left to right continued

You can also attribute /move fexchange attributions with the mouse,
(use the dedicated button on the right for movingfexchanaing)

11.6.3 Trials and adjustments

Assigning strings in a real installation is a complex task, depending on several parameters:

e table size,

o distribution of modules across multiple tables,

g Clear selected inverters

g Clear selected tables

g Clear all

7]

—E Close

e grouping of modules from the same string within the same row,

e wiring constraints and distances between modules of the same string,

e matching the number of modules to the table width.

PVsyst provides several strategies, but they may not cover all specific cases.

The tool allows you to:

o apply a strategy to a selected set of tables or a group of selected inverters,

e test a strategy and selectively remove it if it is not suitable,

¢ manually adjust assignments by swapping modules using the mouse.
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11.6.4 String assignment on “large” tables

When a table contains several complete strings, the “Module distribution in tables” tool offers

several configurations:

—Modules distrib. within tables——

—Filling mode
(®) String on one row

String on 2 rows
String on 3 rows
String on 4 rows
String on 5 rows

Remaining not attributed

All modules of a string in the same row

This is the usual configuration in sheds, when the goal is to minimize shading effects: all
modules of a string are grouped in the same row so that they are shaded uniformly.

Strings distributed over two rows

This is also a common choice in some applications, often referred to as “U-shaped
wiring”. Although it can simplify wiring, it is not optimal with respect to mutual shading.

Strings distributed over 3, 4, or 5 rows
This is not a common configuration.
Remaining unassigned modules

If the table is not fully filled, the “Remaining unassigned” option allows automatic
assignment of “free” modules without specific positioning constraints

Filling mode

—Filling direction
® Horizontally

—Filling origin
{® From bottom left
From bottom right

fu

plert

o
=
=]
=]

=]
[=]

top right

—Filling mode
Going Back And Farth
Left to right aligned

(®) Left to right continued

Filling direction:

o Horizontally (common in rows),
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o Vertically (specific cases).
¢ Filling origin: all options are possible.

¢ Filling mode: useful when the number of modules does not exactly match the table
width.

o Leftto right: strings start from the left, and remaining modules are placed on the
right with an additional string (even distribution).

o Back-and-forth:filling row by row, alternating the direction on each new row. This
avoids connections spanning the entire table, but may distribute a string across
multiple rows, which is not optimal.

Note: Some strategy configurations may leave certain modules unassigned.
In this case, the “Remaining unassigned” option can always be used to fill the gaps.

11.6.5 String assighment on “small” tables

More and more ground-mounted systems are made up of smallindependent tables (only a few
modules wide), typically to better follow the terrain slope.

To minimize mutual shading effects, all modules of the same string should be placed in
identical shading conditions (for example, all positioned at the bottom of each table).
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Distribution parameters

—Distrib. from table to table ——

—5trings distributed on
® Cne table

2 tables
3 tables
4 tables
5 tables

Same row per MPPT

m

—Filling direction
® Horizontally
Vertically

—Filling origin

® From bottom left
From bottom right
From top left
From top right

—Filling mode
Going Back And Forth
@® Left to right

The right-hand side of the “Strings distributed over XX tables” dialog allows you to define the
sequence of tables when distributing a string. Depending on the number of modules in a string,
you can choose:

Strings distributed over a single table

The next table is filled only when the previous one is fully assigned.
— A string may still extend over two adjacent tables if the number of modules exceeds
the capacity of a single table.

Strings distributed over two, three, four, or five tables

This setting depends on the system configuration (humber of modules per table in width
versus the number of modules in a string).

Example: if you define 4 tables with 4 modules each, they perfectly accommodate the 16
modules of one string. This is an “ideal” case, but itis not always achievable.

When distributing a string over multiple tables, careful consideration must be givento the
wiring design.

Table filling mode

Tables can be filled in rows (side by side) or in columns (one behind another).
Filling origin

The starting corner in the table matrix can be defined.

Filling direction

») ST
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o Leftto right: each string starts on the left and continues toward the right.

o Back-and-forth: one row is filled in sequence, then the next row is filled in the
opposite direction.

Note

The “Same row per MPPT” option corresponds to a very specific case:
> it allows all strings connected to the same MPPT input to be placed on the same row across all
tables.

This is an optimal configuration for minimizing electrical losses, but in practice it is only
applicable to string inverters (typically 2-3 strings per MPPT input).

11.6.6 Selection of filling zones

In complex systems, a single strategy is not always suitable for all parts of the system.
The tool allows you to:

o selectagroup of tables (Ctrl + left-click) and apply a specific strategy,
o selectively clear existing assighments,
o selectagroup of inverters for partial assignment.

Once all modules are assigned to strings, the system is ready for simulation.

Itis also possible to proceed to the next step: “3D Shading” (10.8), for a visual understanding of
electrical behavior under shading conditions.

11.6.7 Manual assighment of modules to strings
Simple method:
e Select a string in the left panel.

e Click on the modules to assign them (dragging the mouse across multiple modules is
possible).

¢ Unassign a module with a right-click.

The colored boxes on the left indicate the number of modules already assigned.
The white boxes indicate the number of modules remaining to be assigned.

Limitation: This method becomes tedious for large systems.

11.6.8 Manual modification and swapping of assignments

Ry
An optional mode (button on the right) allows you to:

e move the assignhment of a string to an unassigned module,
¢ swap two modules with each other.

This option is useful after an automatic assignment, to fine-tune the distribution.
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11.6.9 Objective of string assignment

For row-based layouts (sheds) or tracker systems, it is recommended to assign all modules of
the same string to a single row.

¥ Definitions of Module Layout on 3D-shading sensitive areas

Table choice areas) G | PV syst:
&Y Al shed=1 ) PV module System Nb. modules in series 24 Total area 2563.2 m?
rray Al sheds v Mona 440 Wp Twin 144 halfcells Total number of strings 48 Total power 506.9 kWp
WxH1.052x2.115m? Total number of modules 1152 All modules positioned.
Mechanical Electrical = Shadings 3D Modules assigned to strings 1152 All modules assigned.
Each module of the whole system should be attributed to 0 Module Layout ready for the electrical shading calculations.
an electrical string defined in the System defintions

You can analyze the electrical behaviour in "Shadings 3D", and use
it in the simulation!

( Module properti ‘ ‘ ‘ : .
3 sub-modules (i.e. functional by pass diodes) 180 o T tolE -
Arrangement  Half-cut cells twin module ,:l:lﬂwm Colfbuns Con R_mm e = ®*
0
180 _Dw#f& ColRbw#14 Col#2 .k O\
" Pr— Rowa#13 Coi#3
Strings attribution fon#13 Cotbu#13 Cole2 — m
. B Row#12 Cot#3 « - '
18 show string numbers 0 140 —foudt12 CotRbwiti2 Cold2 — .
owitl1 Colbuwiti1 Cottz  Flow#1 Cold 5
:“aﬁf select a string, then dick on each relevant module in the . ms i )
w10 CotRbw#10 Col#2
Inverter #1, PV Array ~ 'D:I:I e 8
51 IEEE NN INEE DR DEEE R 100 —flowsS CoteRowd3 Cots2  FouEs CoRS -
o o o o o o o o o o o o [— .
53 00000000 0000 0000 0000 0000 (0wk3 ColtRondit Coéz oy
54 D000 0000 0000 0000 0000 0000 B0 47 ColfRowsT Corsz  FOWET Cot#3 -
55 D000 0000 0000 0000 0000 0000 —
55 DEEE DNEE DEDE DN EEEE EEEE g0 _[ow#6 CoitRones Corgz  Rowst Coi#3 |
57 DOD0 D000 D000 0000 D000 0000 e =
s D000 0000 0000 0000 D000 0000
Inverter #2, PV Amay 40 —Jlow#4 CottRon4 Cott2 -
53 DOOO OO0O0 D000 D000 D000 0000
510 INEE DENE DNEE DEEE ENEE DEEE [fous3 ColfRonms core2
511 INEE N o] EEEE HE 20 ~Row#z CottRon#tz Colt2 B
512 JIDE OOEE DNDE OO0 D00E I0EE
513 D000 0000 0000 0000 0000 0000 @
514 D000 0000 0000 0000 0000 0000 o T T T T T T
515 D000 0000 0000 0000 0000 0000 0 0 100 120 200 250 00~
516 DEDE DNEE DEEE EEE EEEE
Inverter #3, PV Amay ... ...
L3 o o e e o e e ‘ Q syctem overview | || (@) Open Tsceme

[ o || et || Mo || s |

¢ Advantage: All modules in the string will experience identical shading conditions, which
is optimal for minimizing inter-row shading losses.

e Standard modules (3 sub-modules in length) > Landscape orientation.

o Half-cut cell modules (twin half-cut cells) > Portrait orientation.

11.6.100rientation management

If the system has multiple orientations, they must be managed independently.
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* Definitions of Module Layout on 3D-shading sensitive areas

Each mot

an electrical string defined in the System defintions 0

Module properti
3 sub-modules (i.e. functional by pass diodes)

Table choice (3D areas) G I PV syst:
bome field €, table#1 | : PV module System Nb. modules in series 24 Total area 2563.2 m2?
Mono 440 Wp Twin 144 half-cells Total number of strings 48 Total power 506.9 kWc
W xH1.052x 2.115m? Total number of modules 1152 All modules positioned.
hanical Electrical 3D Modyles z<cigned o ciring 1152 All modules assigned.

dule of the whole system should be attributed to OIS =t | 1: Dome front face, Tilt 10.0°, Azim. 110.0°

#1: Dome front face, Tilt 10.0°, Azim. 110.0®
#2: Dome backface, Tilt 10.0°, Azim. -70.0%

576 module:

It will be used in the simulation.

Module Layout ready for the electrical shading calculations.

Arrangement  Half-cut cells twin module E = ®\
Orient #2 Row#18 Col#3
rient #2 Ro . @‘
Strngs attrbution 100 ] — .
_— Orient.#2 Row16 Cot3 »
[ show string numbers v uto attribution | ) =
one
Please select a string, then dick on each relevant module in the Orient #2 Row#14 Coi#3 z E
Onduleur #1, PV Array, Orient. #1et #2 - L
5 INEN DNEE DEEE DEEE RN BEEE |ent 82 Rows12 Col#1Orient 2 Rowd12 ColéDrient #2 Row#12 Colé3
I i o o o o o i i o o o i o0 4 1 ] f ] | Dol
$3 00000000 0000 0000 0000 0000 nt.#2 Row#10 Col#10rient.#2 Row#10 CotDrient #2 Row#10 Col#3
s4 0000 0000 0000 000000040 0000 ]
55
' ient.#2 Row#8 Colf#1 Orient #2 Row#B Cot#2 Orient. #2 Row#8 Col#3
40 ) L
ient #2 Rowds Colé1 Orient.#2 Rowd6 Col#2 Orient.#2 Rowdts Col#3
! ]
| | 1
o 20 _lient#2 Rowa4 Cot#1 Orient.#2 Row#4 Col#2 Orient.#2 Row#4 Col#3 |
| —
S INEE IEEE DN I EEN EEEN EEEE | ]
<12 ODOE DO0E DOEE EEE S EE0E OEEE {ient:#2 Row#2 Col##1 Orient#2 Row#2 Col#2 Orient.82 Row#2 Col#t3
[ ] ]
S13 ! L 1
S14 a T T T T
s15 0 50 100 150 200 "
516
Imverter 23, PV Array. Qrient. #land 22 ...
517 D000 0000 0000 0000 0000 0000 - | Q System averview |- Open 30 scene | H Print | | o Erase def. | | x Cancel | ‘ / oK

Case

11.7

Select the working orientation using the dropdown list.

The right panel displays only the tables of the selected orientation.

The orientation of each table is clearly defined in the 3D scene.

The left panel displays all system inverters.

o Eachinverter inputis associated with a sub-array orientation.

o Ifaninverter does not match the selected orientation, it will be disabled.

o If a sub-array uses mixed orientations, only the strings corresponding to the

selected orientation will be activated.

of domes:

Both tables of the dome are displayed in the right view.

The active table (front or rear) depends on the selected orientation.

Module Layout dialog interface

This section describes the features available in the Module Layout interface.

11.7.1

V4

Orientation (appears only if multiple orientations are defined)

If multiple orientations are defined in the system, the view displays all tables for one

orientation at a time.
The orientation is selected using the dedicated dropdown list.

The compass serves as a reference for table orientation.
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e The number of modules defined in the “System” section must match the number of
modules assigned in the Module Layout, for each orientation.

e FEach MPPT input corresponds to a given sub-array, and therefore to a specific
orientation.

e When assigning modules to strings, only the strings corresponding to the selected
orientation are active.

11.7.2 Blue information panel

* Definitions of Madule Layout on 3D-shading sensitive areas

Table choice (3D subfields areas) 1PV syst
- PV module System Nb. moduies in serics 24 Totel area 2563.2m?
- ~]
’7 Pome field C, table#1 > Mono 440 Wp Twin 144 half-cells Total number of strings 48 Total power 506.9 kWc
WxHLO52x 2.115m? Total number of modules 1152 All modules positioned.
Mechanical | Electrical | Shadings 30 Maduies assigned to strings i
Each mociule of the whole system shouid be atbuted to Orenation [73: Dome Fartface, T 1007 A 1007~ | 11000l Lavout ready for the electrical shading calcutations.
an electrical string defined in the System defintions
576 modules Tt will be used in the simulation.
HModule
3 sub-modules {i.e. functional by pass diodes) 120 . = ]
Arangement  Half-cut cells twin module @ ~
Orient #2 Rows18 Col#3
. =Y
Strings attribution 100
— Orignt #2 Row#16 Col#3 .
% show string numbers v Autoattrbution | (E)
oes
Please select a string, then cick on each relevant maduk in the Orient 2 Row14 Cot#d ? el
table. &0 L
Onduleur #1, PV Array, Orient. #1et #2 ~ 5y
5 EEEN EEEE IEEE fEEE SN EEEE nt#2 Rowd12 Coi#tiOrient #2 Rowi12 Col¢Drient #2 Row12 Col#3
H | — [—— |
5 DOODDD0D D000 DOEE DOEE DOE0 . | ] ] =1
53 00000000 0000 0000 0000000 nt #2 Row#10 CoiftOrient #2 Rows10 ColtDrient#2 Rows10 Colé3
54 00000000 0000 0000 0000 0000 |
bt ient:#2 Row#8 Coié1 Crient #2 Rowid Coi#2 Orient #2 Rowid Coi#3
40 ) ]
0 ]
ient-#2 Row#§ Coi#1 Orient #2 Rowsé Coi#i2 Orient #2 Rowsé Coi#3
20 Lient #2 Row#4 Coi#t1 Grient #2 Rows4 Cot#? Orient #2 Rows4 Coft3 L
| —
)
ient #2 Row#2 Coi#1 Orient #2 Row#2 Col#2 Orient #2 Row#2 Col#3
E—
4 T T T T
o 50 100 150 200 v
i ¢
517 OO0 D000 0000 000E 0806 5888 - | Q) system overvew Open 2D scene ‘ s print H P erace e H ¥ conce H ok |

e The blue panel on the right continuously provides information about the status of the
Module Layout and the actions to be performed.

e |f some modules are in excess, they can be removed with a right-click.

e |f modules defined in the System do not find a match in the Module Layout, it is possible to
add a column or a row to the existing tables.

¢ Warning: If a table belongs to a group, all tables in the group will be modified in the same
way.

11.7.3 Toolbar

A set of tools is available on the right side of the image:
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1st and 2nd buttons: Zoom (also available using the mouse wheel).

3rd button: Creates an image of the current view in *.BMP format.

> There is also a Print button at the bottom of the dialog, allowing you to
generate various printouts and include them in the simulation report. These

outputs can serve as reference wiring diagrams for the site.

4th button: Selection of table labels in the diagram (table name, or Orient#xx,
Row##yy, Line#zz).

1. Alltables within an orientation are automatically numbered as a matrix.
These indices cannot be modified.

5th button: Activates the mode for moving a module assignment (via drag-and-
drop) or swapping two modules.

Last button: Deselects all tables that were multi-selected using Shift + click.

11.8 3D shading calculation

This tool is educational and allows visualization of shading animation on the PV system over a

selected day (under clear-sky conditions).

. This toolis for informational purposes only and is not required to run the simulation.

11.8.1 Using the shading animation tool

Once the module layout is fully defined and ready for simulation, this page can be opened.

Mechanical Electrical Shadings 3D

—5hadings animation

Date 21.12.2011 HH:MM

| P Calculate | 7]
Trradiance (Clear day model}
Incident global 00 W/m Sun height 60.0°
Diffuse 150 W/m Sun azimuth -170°

Inverter circuit (MPPT input) for 1/V calculations

chaines #1443

~]

|‘ lond. no 1

1. Click on “Calculate”

> Starts the shading animation on the system tables for the selected inverter.

2. Use the slider > Allows you to observe the evolution of shading at 15-minute intervals.

Example: A table equipped with half-cut modules in portrait orientation shows partial shading.
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Table Row#1 Cok#l

11.8.2 Effect of shading on a module (or optimizer)

Right-clicking on a partially shaded module (or any module) allows you to display its electrical
behavior through its I/V curve.

¥ shaded PV module: detailed IV curves of the submodules

630
Table £7 Dome field C, table#2 lear sky, 21/12/111
String £4 in the Inverter MPPT input #1 Global 48W/m? Temper. 26 °C
Module 22 In the string portrait Diffuse fraction  16.8 %
Globlnc = 48 Wim?, Difflnc = 8 Wim?, Temp = 26 °C
0.6 . r T
a5k ""Pmpp=f9.f W |
0.4k -
[ ]
= ] B
) : —Shading loss
E 03| Fmpp shadecs 11, g
E .
E : Shaded module Pmpp 1.7 W
Global Shading factor 3899
ozk i Linear (shaded area) [ beam 4.7 %
Electrical / beam 42.1 %
—Curve type —————————
[N ] ® IV curves
) PNV curves
) PV simple curve
0.0
-10 Q 10 20 30 40 a0
voltage [V] —E Close

Behavior of a twin half-cut cell module

e First sub-module (bottom left, red): partially shaded - its I/V curve corresponds only to
the diffuse component.

¢ Second sub-module (top left, blue): not shaded - its full current is added to that of the
first.

e Central sub-modules (brown and purple): same situation, their currents are added >
resulting in the same I/V curve.

e Thevoltages of these curves (identical here) must be summed (brown and purple curves).

e Finally, the right sub-modules (orange and green): not shaded, their I/V curve is a normal
full-current curve. By adding their voltages to the previous sub-modules, the resulting
curve is obtained (green/black).
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For each current value, the resulting voltage corresponds to the sum of the voltages of the
previous curves plus that of the “normal” curve.

1. You can also visualize these behaviors using P/V curves, but their interpretation is less
straightforward.

Calculation of electrical losses due to shading
The resulting curve corresponds to the actual I/V curve of the module.
e Here, Pmpp (shaded)=78.5W
e Pmpp (unshaded module) =125.1W
e Thetotal shading loss is therefore:78.5/125.1 x 100 = 37.2%
In this case:

o Thelinear shadingloss (ratio of shaded area applied to the directirradiance component,
i.e., irradiance deficit) is 7%.

e The electrical loss factor (I/V mismatch) is therefore:

37.2%-7.0% = 30.2%

11.91/V curves of an MPPT input

This is an educational tool that displays the complete I/V curves of a sub-array connected to an
MPPT input.

*  Definitions of Module Layout on 30-shading sensitive areas

Table choice ( areas) | PV systx
’7 wrray AL, shed#1 | PV module System Nb. modules in series 24 Total area 2563.2 m?
- Mono 440 Wp Twin 144 halfcells Total number of strings 48 Total power 506.9 kWc
W xH1.052x2.115m? Total number of modules 1152 All modules positioned.

Mechanical Electrical Shadings 3D 1/V curve

Modules assigned to strings

1152 All modules assigned.

The electrical calculation is performed for each d Module Layout ready for the electrical shading calculations.
MPPT input Tt will be used in the simulation
Date 21/12/11 16h30 :
~Inverter circuit (MPPT input) for I/V calculations——— -
IV Curves for clear day conditions, Irrad = 76 W/m?
[ ]! - Inverter #1, strings #1 to 8
T T T T T
Inverter model 60 kWac string inverter,6mMppT | | F | | unshaded E
PV module model Mono 440 Wp Twin 144 half-cells . Shaded resultant }% i
Number of strings 8 stingsEtte=s | b N, Bl S P.mpp: 5.9 kKW
Number of modules in series 24 sl E - i
Orientation #1
Results s 1
Plane irradiance Orient. #1
Global 76 Wijm?
Beam 66 Wjm? K o E
Diffuse+Abeda 10 Wjm?
Diffuse/Global ratio 13.4 % Q Q N ‘\
3 .
Thisinverter Global System \ ~\ \ \
Shading factor (jbeam), iradiance  40.0 % 49,3 % \ \
Shading rel. loss, irradiance 34.7 % 42.7 % En \ X \N “\ T
Shading factor (jbeam), electrical 43 % 7.5% 1+ \ \ b
Shading rel. loss, electrical 3.7 % 6.5 % \\\\\\\
o L L
rLinear shades calculation = | -200 0 400 600 1200
IN curve
Acc. to shaded comers (fast) = Tensien (4
Geometric calculation (slower)
‘ O\ System overview G Open 3D scene | E Print. ‘ ‘ o Erase def. ‘ ‘ x Cancel | | oK

After running the shading animation, it is possible to analyze the combination of I/V curves for a
specific time and MPPT input.

11.9.1 Analysis of MPPT I/V curves
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The example presented here is based on the previous case, with twin half-cut modules and 4
strings on one table.

IV Curves for clear day conditions, Irrad = 535 Wim?

- Inverter #1, strings #1 to 4
5 T T T T T T T T T
1 - unshaded

Shaded resultant

T erter Vinpphdin

RARARRRARRE LR R srer|reees e PmPR = T.83 KW
oy

[ String#4

Croment. [A]

| String #3

[ String #2

TISS

- [T

0
-100 0 100 200 300 400 500 600
‘Voltage [V]

£n

Construction of I/V curves
e Each string I/V curve is obtained by summing the voltages of each module.

e The 4 strings are connected in parallel > the total current is obtained by summing the
currents.

e Strings #1 and #2 are split due to the use of twin half-cut modules.
Effect of shading on I/V curves
e Roof shading on the first string
o The red sub-modules are shaded and inactive for direct irradiance.
o These sub-modules go into reverse bias > activation of bypass diodes.
¢ Shading from a rectangular object on the second string
o The brown sub-modules (on the left) are affected.
o Same behavior: bypass diodes activate to prevent current blocking.
e Low-current sub-modules on the first string
o The higher voltages correspond to the effect of the remaining diffuse irradiance.

o Since the voltage has been reduced by the activation of bypass diodes (due to
shading of direct irradiance), the module operates only under diffuse irradiance.

11.9.1 Calculation of the shading factor

The objective of this construction is to obtain the resulting I/V curve of the PV array.
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IV Curves for clear day conditions, Irrad = 76 W/m?*
Inverter #1, strings #1 to 8

8 T T T T T T T T T T
L | 1 - unshaded g
— Shaded resuitant B
T+ ] a
[ e M b bl =] e ----- Ampp = 5.9 kW
E L
[ = -
51 -
=
Bt !
4] Pmpp = 3.6 kW
irrad. loss = 34.7 %
3 Elec. loss =37 % .
2 - -
1+ -
0 I I I I
-200 a 200 400 600 800 1000 1200
Voltage VT

The inverter will select the maximum power point (MPP) on this curve.

1. Ifthe MPP voltage is lower than the inverter’s minimum MPPT tracking voltage, the operating
point will be limited to this value (or set to a possible secondary MPP, depending on which
provides the highest power).

11.10 Effect of bypass diodes and shading

11.10.1.1 Context
Consider a layout with rows of PV tables (fixed or on trackers).

In this case, when one row casts a shadow on the next, it is mainly the lower sub-modules—
particularly the bottom row of cells in partially shaded modules—that are affected.

A sub-module corresponds to a group of cells protected by a bypass diode.

In most modules (60 or 72 cells), there are 3 bypass diodes, hence 3 sub-modules, usually
arranged along the length of the module.
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Assume that the modules are installed in landscape orientation, and that all modules in the
bottom row belong to the same string.

b 74

7\

It is often assumed that, in the case of mutual shading, if only the lower sub-module (or only the
bottom row of cells) is shaded, the bypass diodes will Limit the electrical loss to that sub-module.
In other words, the string’s electrical output would remain at about two-thirds of its normal
production.

This is not necessarily true!

When the bottom row is shaded, depending on the interconnections of the system, the entire
contribution of direct irradiance to the whole string may be affected—not just one-third.

To understand this, let’s look at the shading losses on a graph.

11.10.2 Shading losses as a function of the number of shaded sub-modules

The following graph shows the percentage of shading losses, normalized to the output of an
unshaded string under clear-sky conditions, as a function of the number of shaded sub-modules.

This calculation includes both:
e irradiance loss,

e and electrical mismatch losses.
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Loss on the shaded string as f (Nb of shaded submodules)

e Bottom submodules =
|~ i =
B !
!
» |
| ; .
— E | : Electrical loss
= H B
]
= |
B £1
=
=l
B E i —— MPFT on One string
E —— MPPT on Two strings
H ———— MPPT on three sirings
- = ! ~——— MPFT on ten strings
1 : === Linear, submed. fully shaded
| ! Module fraction shaded ——=— Linear, lower cell shaded
™ I ¥ (between 1 cell and 6 cells) o= UDIFImir R
! R
- | ! Linearshading __ _ _ __———=——T"777 -
___________ '%_____ y Fraction of bottom cell shaded: model not applicable
_——T ] ] ] ] ] ] ] ]
6 12 18 24 30 36 a2 43 54 60

Number of shaded submodules

The solid curves represent shading losses as a function of the number of strings connected to
one MPPT input (different colors).

With only one string per MPPT (blue curve), electrical losses due to shading remain
relatively limited.

However, when several unshaded strings are connected in parallel, total losses increase
significantly.

For example, with 3 strings (2 unshaded + 1 shaded, green curve), if 1/3 of the sub-modules is
shaded (vertical dashed line), the loss reaches approximately 85%.

In other words, the contribution of direct irradiance is completely lost in the shaded string: only
the diffuse component remains (here ~15%).

Schematically, this corresponds to a situation where only the lower sub-modules are shaded
(example with 4 strings).

Note: This graph was obtained under clear-sky conditions. Under predominantly diffuse
conditions, these conclusions may differ.

In the following sections, we will examine this from another perspective by observing the
corresponding I/V curves, as calculated by the “Module Layout” tool in PVsyst.
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11.10.3Case 1 - Single string on an MPPT

When there is only one string connected to the inverter input (or when all strings on that input are
shaded in the same way), the maximum power roughly corresponds to the Pmpp of the unshaded
sub-modules, based on their I/V curves.

This means that if 1/3 of the sub-modules are shaded, the shaded Pmpp will be approximately
equal to 1/3 of the unshaded Pmpp.

However, this is not entirely accurate: for each shaded sub-module, the bypass diode is
activated, causing a voltage drop and therefore an additional power loss.

In the graph above, this loss due to bypass diodes explains the difference between:
e the blue curve (actual loss factor),

e and the black dashed line representing the theoretical proportion of shaded sub-
modules.

In the graph below, the blue I/V curve corresponds to the 40 unshaded sub-modules, and the
resulting green curve shows the voltage drop.

IV Curves for clear day conditions, Irrad = 629 W/m®
Inverter #1, MPPT no 1, string #1
T T T T T T T
----- unshaded
— Shaded resultant
— 40 unszhaded submodules
—— 20 submodules with 1 shaded corner

Irjrerter Vinpphdin

-------------------- ----.Pmpp = 3.45 KW
.

Pmpp = 2.21 KW
Irrad. losq = 15.7 %
Elec. lozsqd = 15.9 %

Voltage drop :
20 submodules 1

n
I

=
= 4L Beam + Diffuse |
E tributi
& contribution — -4—{ 20 by-pass diodes
3l .
2f Lo
1k I'.I -
- | Diffuse contributionT\
0 1 | | | | |
-100 0 100 200 300 400 500 600 700
Voltage ]
% |2 T
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IV Curves for clear day conditions, Irrad = 629 W/m?*

40 Inverter #1, MPPT no 1, string #1
. T T I T I T T I T I T I T

----- unzhaded Pmpp = 3.45 kKW
= Shaded rezultant s BN

Pmpp = 2.20 kW .-*
rad. loss = 19:7 %
Flec. losg:£16.1 %

hrverter Vinppin

Powrer [kW)

=100 0 100 200 300 400 500 &00 700
Yoltage [V]

Note 1:

If the voltage at the shaded MPP (Vmpp) is lower than the inverter’s minimum voltage
(Vmpp,min, blue vertical line), then the operating point is located at the intersection of this
voltage line and the I/V curve.

This shifts the operating point toward higher voltages, where the power drops rapidly, down to
the part of the I/V curve corresponding to the diffuse contribution.

The advantage of the “1 string per MPPT” configuration may therefore be limited by the
inverter voltage range.

To fully benefit from this configuration, the inverter must support a wide voltage range.

Note 2:

This reasoning also applies when several strings connected to the same MPPT input experience
identical shading.

In the corresponding graph, this is equivalent to summing several identical I/V curves in current.

It may therefore be beneficial to connect all strings of the same inverter to the same row
(uniformly shaded), distributed across different tables.

This makes it possible to concentrate shading losses on a single MPPT, leaving the others
unaffected.

This configuration is only feasible with string inverters having 2 or 3 strings per MPPT. Otherwise,
string cable lengths would become too large.

In the Module Layout tool, the automatic feature “Automatic assighment of strings to
modules” allows this configuration: it corresponds to the “Same row per MPPT” option.
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11.10.3.1

Three strings on a single MPPT

In the graph shading losses as a function of the number of shaded sub-modules, shown below:

Loss on the shaded string as f (Nb of shaded submodules)

100 — T T " . . — .
B Bottom submodules =l
SO | ]
[ |
2ol |
| i
TO !
= i | H
2 s} 2 | | Electrical loss
4 i = ;
£ = |
] = g |
£ E
s [ =
=R g i —— MPPT on One string
g B ——— MPPT on Two strings
- [ ' ' MPPT on three strings
sl ™ | : MPPT on ten strings
= :
| 1 === |inear, submod. fully shaded
| { Module fraction shaded T SR IR
20 | P (between 1 celland 6 cells) —-=— 1/3 of submodules shaded
- ! E _________
10+ | ! Linearshading ___ _ __ _—————TTTTT -
[ = == '!'—_____i Fraction of bottom cell shaded: model not applicable
0 =_———T— ] L1 I I I ] |
0 & 12 18 24 30 36 42 43 54 &0

Number of shaded submodules

It can be observed that with 3 strings (green curve), shading losses are already maximal when
only 1/3 of the sub-modules is partially shaded.

This corresponds to the following I/V curves:

the first partially shaded string is identical to the previous case,

e but the 2 unshaded strings, connected in parallel, modify the resulting curve, and in

particular the maximum power point (MPP).

The MPP now imposes the voltage on all strings connected in parallel, and the operating point
of the shaded string corresponds only to the remaining diffuse contribution.

This explains the previous statement: the contribution of direct irradiance from the partially
shaded string is effectively zero.

Note: In this situation, the MPP is not very sensitive to inverter limitation by Vmpp,min.
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IV Curves for clear day conditions, Irrad = 629 W/m?
Inverter #1, strings #1 to 3
3 T T T T T T T T T T T T
o - unszhaded g
[ —— Shaded resultant =
| —— 160 unshaded submodules =
—— 20 submodules with 2 shaded corners 3
201 E B
- e R TP PP <o - -Pmpp = 10.34 kW
15 [ String #3
z |
E - Pmpp = 7.51 kW
= i Irrad. Ioss = 5.3 9
101 String #2 Elec. loss = 20.8 % B
[ .
0 | | | “"I |
-100 0 100 200 300 400 500 600 700
Voltage [V]
IV Curves for clear day conditions, Irrad = 629 W/m?*
Inverter #1, strings #1 to 3
12 T T I T I T T I T I T I T
N unzhaded = Pmpp = 10.34 KW
ok —— Shaded resuttant g L _
Z . Pmpp = 751 kW
i g Irrad. loss = 6.3.%
Gl E . Elec. losg=2087%
; L '
=™
R .
B I
41 _
ey = -
0 ; ] . ]
=104 0 100 200 300 400 300 &0 700
Yoltage [V]
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11.10.3.2 Interpretation of the shading loss vs. number of shaded sub-modules graph

On this graph (shading loss as a function of the number of shaded sub-modules):
Loss on the shaded string as f (Nb of shaded submodules)

100 T T T T T T | T T T T T T T
] Bottom submodules =l
SO | ]
[ |
aof |
|
TO I
E i :
R = i | Electrical loss
B 501
: !
5 !
ER | —— MPPT on One string
g H — WPPT on Two strings
- ' MPPT on three strings
sl ™ | MPPT on ten strings
1 === |inear, submod. fully shaded
2ol ! { Module fraction shaded === Linear, lower cell shaded
! ¥ (between 1 cell and & cells) =—s=1/3 of submodules shaded
! A —
10+ | ! Linearshading ___ _ __ _—————TTTTT -
——————————— '!'—_____i Fraction of bottom cell shaded: model not applicable
0 =_———T— ] L1 I I I ]
0 3 12 18 24 30 36 42 43 54 60

Number of shaded submodules
o the increasing parts of the curves correspond to the situation where the first MPP is
higher than the secondary MPP related to the diffuse contribution;
o the plateau begins when the maximum lies on the diffuse part (see previous graph).

In this situation, it can be observed that with the 2-string configuration (purple curve), part of
the direct irradiance contribution still remains.

This graph was established with a 15% diffuse contribution.

When the direct contribution decreases:
e the diffuse plateau is reached more quickly,
e normalized losses (relative to the direct contribution, which itself is decreasing) increase,
e butthe total loss factor may actually decrease.

The grey area of the graph corresponds to the linearly shaded fraction:

e the lower line represents the case where only the bottom cell is shaded (= 1/6 of the full
module),

e the upper dashed line corresponds to the case where each affected module is fully
shaded.

The shading loss—calculated from the I/V curves—therefore corresponds to the sum of:
e the linear loss (actual shaded fraction of each sub-module),

e and the electrical loss, which constitutes the remaining part.
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The electrical loss is maximal when only the bottom cell is shaded.

In PVsyst, this diagram can be obtained via the menu: Tools > PV module electrical behavior >
Array with shaded cells > Study of bypass diode effect

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

Array with shaded cells | Heterogeneous arrays ~ Mismatch

Module or Array IfV characteristics with partial shading on one cell

Basic PV module =
Pnom Techno, Modéele

I_Générique VI 250 YWp 25V Si-poly Poly 250 Wp 60 cells S O, Open I
—External conditions——— —Shading ratio
Irradiance 1000 : Wm2 : Oy

Diffuse fraction 15 oo
- — Mever 100% because there is always

Module temp. “ e atleast 15% diffuse

—Kind of study —By-pass diode effect study
) Cells and reverse charact, Graph of the Shading Loss on one string, as function of the number of shaded
submodules
© One shaded module This is the basis for understanding why :
O array of modules In sheds arrangement, when the bottom cell is shaded the full

) Mb. of shaded cells effect string becomes inactive (for beam component)

® By-pass diode effect study 0

= ) .
.. Mb. modules in series

‘ b IV curve I @ Show graph ‘ —H Close

The calculation of electrical losses is performed accurately by taking sub-modules into account.
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12 Economic evaluation

After the simulation, you can perform an economic evaluation of the system based on the defined
parameters and the obtained results. This economic toolis accessible from the “Project” dialog.
It allows you to define:

e theinitial investment costs,
e the annual operating costs,
e and thus calculate the Levelized Cost of Energy (LCOE).

By combining this data with financial parameters and tariffs, the tool can estimate long-term
profitability. It also provides detailed financial indicators:

¢ ROI (Return on Investment),
e Payback period,
o NPV (Net Present Value).

* Economic evaluation — [m} X
~System v Financial summary
Project: DEMO commerdial system Oakland CA Installation costs 770029.91 USD
PV Array, Pnom = 507 kWp Grid-Connected System Total yearly cost 91 796.67 USD/year
Autoconsommation 581 MWwh/an LCOE 0.1375 USDkwh
Sold energy to grid 196 Mwh/an Payback period 11.7 years
Investment and charges | Finandal parameters ~Electricity sale  Self-consumption saving  Finandial results  Carbon balance
! urrency
@® Global by Wp by m? ‘ 1USD - United States Dallar ][ fraes |
~Installation costs ~Operating costs (yearly)
CheckallAction UncheckallAction UpCostAction DownCostAction Update cost AddCost RemoveCost Restore costs Checkallaction UncheckallAction UpCostAction DownCostAction Update cost
Description Quantity Unit price Total Description Yearly cost
' PV modules 21312000 USD ¥ Maintenance 49669.24 USD
Batteries 200.00 2250.00] & | 450000.00| USD % Insurance 000 USD
< Other components 422177 USD Bank charges usD
' studies and analysis 183555 USD Administrative, accounti... usD
+ Installation 38240.63 USD 7 Taxes 305.93  USD
+ Insurance 7000.00 USD Subsidies - usD
# Land costs 152963 USD
Operating costs (OPEX) 4997517 USD/year
Loan bank charges 0.00] [ 0.00] [ o.00| uso
* Taxes 3368234 USD
Total installation cost 770029.91 USD
Depreciable asset ) 684 376.59  LUSD
| O\ System overview ‘ x Cancel oK

12.1 Installation and operating costs

The Cost dialog, within the economic evaluation, allows you to define all initial expenses
(installation) as well as the annual operating costs of the system. The objective is to calculate
the total investment, the average annual cost, and the cost of the produced energy (LCOE).

Costs can be specified globally, per unit, per installed power (Wp), or per surface area (m?). You
can use any currency; it is possible to switch between different currencies using a dropdown list.
The “Rates” button allows you to adjust exchange rates: you can choose a reference currency,
manually modify rates or download them from the Internet, and even add new currencies.

») ST
ﬁ I VSY&'-I PVsyst SA - Grid Connected Systems - User’s manual Page 141

FHOTOYOLTAIC
SOFTWARE



12.1.1 Installation costs
This section includes both direct and indirect costs related to the system installation, such as:
e components (modules, inverters, batteries, pumps, controllers, generator),
e engineering and study costs,
o administrative expenses (grid connection, banking fees, permits, taxes),
e insurance, land, replacement credits, and subsidies.

The number and type of PV components involved are automatically updated based on the
simulation parameters.
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—Installation costs

AV +)
Description

= PV modules

Maono 440 Wp Twin 144 half-...

Supparts for modules

Inverters

&0 kWac string inverter, 8 M...

Batteries

Other components
Accessories, fasteners
Wiring

Combiner box

Maonitoring system, display s...

Measurement system, pyra. ..

Surge arrester
Studies and analysis

Engineering

Permitting and other admin. ...

Environmental studies
Economic analysis

=l Installation

Global installation cost per ...

Global installation cost per i...

Transport
Settings
Grid connection
Insurance
Building insurance
Transport insurance
Liability insurance
Delay in start-up insurance
* Land costs
Loan bank charges
Taxes
VAT (%)
Federal taxes (%)
State taxes (%)
Local taxes (36)

Other taxes (%)

S?
Quantity Unit price Total
213 120.00
1152.00 | 0.0 & | 161 280.00
1152.00] | a0 | 51840.00]
30 400.00
6.00 | 340000 B | 20 400.00
200.00 | 2250.00| & | 450 000.00 |
422177
| 1.00] | sse.se| | 856.50 |
| 1.00] | 1713.18] | 1713.18]
| 1.00] | ammes| | 978.96 |
| 1.00] | e72.04| | 673.04|
| 0.00] | ooo| | 0.00]
| 0.00] | o.00| | 0.00|
1835.55
| 1.00] | 12370 | 1223.70]
| 1.00] | w0593 | 305.93 |
| 1.00] | 244.7a| | 244.74 ]
| 1.00] | sris| | 61.19]
38 240.63
1152.00 | 05| | 35 242.56 |
6.00 | %7.11| | 2 202.66
| 1.00] | 053 | 305.93 |
| 1.00] | 24474 | 244.74|
| 1.00] | 244.7a| | 244.74 ]
7000.00
| 1.00] | sooo.00| | 5 000.00 |
| 1.00] | 200000 | 2000.00 |
| 0.00] | ooo| | 0.00]
| 0.00] | o.00| | 0.00|
1529.63
| 0.00] | .00 | 0.00]
33682.34
| 18.00%|| of183555.00] 33039.9
| 0.00% of 0.00|
[ o.00% of 0.00]
| 0.00% of 0.00|
| 1.50% of 42829.50 642.44
Total installation cost 770 029.91
Deprediable asset (5 684 375,59

usDr

UsD

usD

UsD

UsD

usDr

UsD

usDr

UsD

usDr

UsD

usD

usDr

UsD

usDr

UsD

usDr

UsD

usD

UsD

UsD

usDr

UsD

usDr

UsD

usD

UsD

usD

usDr

UsD

usDr

UsD

usDr

UsD

usD

UsD

UsD

usD
usD
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12.1.2 Depreciable asset

Depreciation is an accounting method that spreads the cost of a tangible asset over its useful
lifetime, thereby reducing the taxable base each year.

Three methods are available:

None: depreciation is not taken into account in the financial results.
Straight-line: the asset value decreases uniformly each year down to its residual value.
o Formula:

Depreciable asset — Residual value

Annual depreciation = — -
Depreciation period

o Example: an asset of $120,000 with a residual value of $20,000 over 10 years
results in $10,000 annual depreciation.

Declining balance: accelerated depreciation, with higher amounts at the beginning,
then decreasing over time. It is based on a coefficient applied to the straight-line rate;
when it becomes lower than the straight-line depreciation:

Straight-line depreciation rate = 1 / Project lifetime
Declining balance rate = Straight-line rate x Depreciation coefficient

Annual depreciation expense in year t = Residual asset value in year t x Declining rate

When the depreciation calculated using the declining method becomes lower than that obtained
using the straight-line method, the straight-line method is applied for the remaining years of the
project.

In PVsyst, the costs of components and accessories are considered depreciable by default.

To define the depreciation parameters for each asset:

1. Clickon a costitem to select it.

2. Click on the Edit button (pencilicon).

3. In the window that opens, choose a depreciation method (straight-line or declining
balance), according to your country’s tax regulations.

4. Enterthe residual value (estimated value of the asset at the end of the project).

5. Define the depreciation period (the time during which the asset is considered useful).
Each asset has a specific duration defined by your tax system.

6. Click OKto confirm.
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Type
’7® Debit O Credit

—Format
® amount Q Percentage
%Tax depreciation
) Mone ® straightdine () Dedining balance
Salvage value EUR
Depreciation period YEErs

K cance o

12.1.3 Add/Remove / Update costs

The predefined list of costs is fully customizable to include any system-specific costs that may
not appear in the default list.

You can add, delete, reorganize, or rename costs.
You can also save the defined list as a template for reuse in another project.

Available buttons

Select all

Selects all investment costs for deletion, editing, or moving.

Deselect all

Deselects all selected costs. Button is inactive if no cost is selected.

A

Move up
Moves the selected costs up.
~ The displayed order in the list is the one used in the printed report.

Button is inactive if no cost is selected.

v

Move down

Moves the selected costs down.

- The displayed order in the list is the one used in the printed report.
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Button is inactive if no cost is selected.

Update cost

Opens the installation cost editing window to modify the properties (name, section, type) of a
selected cost.

Button is inactive if no cost is selected or if multiple costs are selected at the same time.

a-’New cost

Opens the installation cost editing window to add a custom cost that does not exist in the
predefined list.

-m- Delete cost
Removes the selected installation costs from the list.

Button is inactive if no cost is selected.

Y
k_’ Restore list

Restores the default PVsyst installation cost list.

Load from template

Loads a cost list from a previously saved template file.

Save as template

Saves the defined installation cost list as a template file for later reuse or for another project.

= Component form
Allows you to define prices for each component.

> By clicking, you can enter your own prices for the components used (unit price or quantity-
based pricing).

> These prices can be saved in your component library or kept only for the current session
(without modifying the database).

> Prices can also be defined globally in the component database price list dialog.

12.1.3.1 Operating costs (annual)

This section defines the annual operating expenses of the system.
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The predefined list of costs depends on the type of system:

—Operating costs (yearly)

AV +)
Description

Maintenance

Provision for inverter re...

Salaries
Repairs
Cleaning

Security fund

Provision for battery rep...

Land rent
Insurance
Fadilities insurance

Liability insurance

Business interruption ins...

Lack of sunlight insurance
Loan insurance

Bank charges

Administrative, accounti...

Taxes
Federal taxes
State taxes
Local taxes
Property taxes
Other taxes

Subsidies

Operating costs (OPEX)

Q

Grid-connected system

M e
Yearly cost

49 609.24

2040.00 |

1101.33|

500,00 |

0.00|

1027.91|

45 000.00 |

0.00|

0.00

0.00|

0.00|

0.00|

0.00|

0.00|

0.00|

0.00|

305.93

0.00|

0.00|

305.93

0.00|

0.00|

0.00|

49975.17 USD/year

sD

sD

sD

s

sD

s

sD

sh

sD

sD

sD

sh

sD

sD

sD

sD

sD

sD

s

sD

s

sD

sD

Generally very reliable, costs are limited to annualinspection, possible module cleaning,
and insurance expenses. Some inverter suppliers offer extended warranties (including

replacement), which can be considered similar to insurance.

Off-grid system

Maintenance and periodic

replacement of batteries must be considered. This

contribution is calculated by the program based on the expected lifetime of the battery

pack (from the simulation).

In addition, when an auxiliary generator is used, the program also calculates the cost of

consumed fuel.
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¢ Pumping systems

Pump replacement must be considered (their lifetime is typically a few years), as well as
batteries if they are part of the system.

As with installation costs, operating costs are fully customizable to suit the specific needs of
your system.

The total sum of operating costs is referred to as OPEX (Operational Expenditure).

Available buttons

Select all

Selects all operating costs for deletion, editing, or moving.

Deselect all

Deselects all selected costs. Button is inactive if no cost is selected.

AMove up
Moves the selected costs up.
~ The order displayed in the list is the one used in the printed report.

Button is inactive if no cost is selected.

v

Move down
Moves the selected costs down.
~ The order displayed in the list is the one used in the printed report.

Button is inactive if no cost is selected.

Update cost

Opens the operating cost editing window to modify the properties (name, section, type) of a
selected cost.

Button is inactive if no cost is selected or if multiple costs are selected at the same time.

—’New cost

Opens the operating cost editing window to add a custom cost that does not exist in the
predefined list.

-m- Delete cost
Removes the selected operating costs from the list.

Button is inactive if no cost is selected.

Yy
k_’ Restore list

Restores the default operating cost list in PVsyst.

Load from template
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Loads an operating cost list from a previously saved template file.

Save as template

Saves the defined operating cost list as a template file for later reuse or for another project.

12.1.4 Financial summary

The total annual cost is the sum of operating costs and loan repayments (defined in the financial

parameters).
Financial summary
Installation costs 770 029.91 UsD
Total yearly cost 91 796.67 UsSD/year
LCOE 0.1472 UsD&Wh
Payback period 12.1 years

It is an average annual value calculated over the entire project lifetime, taking inflation into

account if defined.
The LCOE (Levelized Cost of Energy) is the cost per kWh produced.

It accounts for the present value of future cash flows by applying a discount rate.

Formula used in PVsyst to calculate LCOE:

"I+ M,
zt=1 A+t
Y
= (L4170

LCOE =

where:
¢ I,=Investments and expenditures inyeart
e M= Operation and maintenance costsinyeart
o E,=Electrical productioninyeart
o r=Discountrate (return that could be obtained from alternative investments)
e n=System lifetime

The payback period is the time required to recover the initial investment.
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12.2 Financial parameters

® Economic evaluation

~System ¥ Financial summar
Project: DEMO commercial system Oakland CA Installation costs 770 029.91 USD
PV Array, Pnom = 507 kwp Grid-Connected System Total yearly cost 91 796.67 USD/year
Autoconsommation 570 MWh/an LCOE 0.1472 USDkWh
Sold eneray to grid 156 MWh/an Payback period 12.1 vyears
Investment and charges | Financial parameters Electricity sale  Selfconsumption saving Finandial results ~ Carbon balance
ion period —F ing
Project lifetime years Start year 2025 Investment 77002951 USD o
W 200 000.00
—Projected variati Oun funds usb
Inflation “fyear Discount rate %fyear Subsidies 42000.00| USD
Module Degradation Loans
© Linear Yofyear O Ageing tool resuits [Annuité constante < [ 200 000.00] UsD ans % %
I depend. | Amortissement constant ] | 200 000.00| USD El ans % W
Income tax 15.00| %fyear Dividends Yofyear [ e =l 128 029.91] UsD s %
Other income tax %fyear
. - B Own funds
Tax depreciati 25,97 % L .
T - iod = ¥ Loan
o3 SEpen B Subsidies 16,63 %
PV modules 5,45 %
[ Inverters —
.- Batteries Straightdine 20 years 450 000,00 USD
1 B Loan1
Other compone... 2597 % W Lom?
Total redeemable 684 376.59 USD
| S — | R conce -

12.2.1 Simulation period

Project start and lifetime

Define when the project starts and its total lifetime.

12.2.2 Cost variation over time

¢ Inflation

Annual rate applied to operating costs (OPEX) over time. It can increase costs or, if

negative, decrease them (deflation).

e Discountrate

Used to discount future cash flows (revenues or expenses) in order to estimate their
presentvalue. It is used in particular for calculating the LCOE (Levelized Cost of Energy)
and NPV (Net Present Value).

¢ Module degradation

Accounts for the performance degradation of PV modules over time. You can choose a
fixed linear rate or use results from the aging tool, if such a simulation has been

performed beforehand.

12.2.3

e Corporate income tax

Revenue-dependent charges

Percentage applied to the taxable profit each year.

¢ Additionalincome tax

Allows handling systems with multiple levels of taxation (e.g., federal + local).
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¢ Dividends
Percentage of net profits distributed to shareholders each year. If the result is negative,
no dividends are paid.

12.2.4 Depreciation expenses

This section lists the depreciable installation costs and their total depreciable value over the
entire project lifetime.

You can find the procedure for defining the depreciation of each asset in the Investment and
costs section.

12.2.5 Financing

You can define the project’s financing sources, divided into three categories. The total must
match the installation cost:

e Equity: own funds or external investment.
e Subsidies: funds provided by the government or a public institution.

e Loans: up to three different loans can be defined, according to the following terms:

1. Constant annuity

loan amount x interest rate
1 — (1 + interest rate)~Year

Annuity =

The annuity (annual payment) remains constant, but the share of interest decreases over time.

2. Constant amortization

loan amount

ANNUILY; yeqr = -[1 + (loan duration — year) - interest rate]

loan duration
The principal repaid each year is constant. The annual payments decrease over time.

3. Bullet loan (interest-only/ in fine)
Annuity = loan amount - interest rate

Only interest is paid each year, and the principal is repaid in a single payment at the end.

12.3 Feed-in tariffs and self-consumption

This section allows you to define the tariff strategy for electricity sales. It is used to calculate
financial revenues over the project lifetime and to assess its profitability.
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® Economic evaluation

~System ¥ Financial summary
Project: DEMO commercial system Oakland CA Installation costs 770029.91 USD
PV Array, Pnom = 507 kip Grid-Connected System Total yearly cost 91 796.67 USD/year
Autoconsommation 570 MWhj/an LCOE 0.1472 USDkWh
Sold eneray to grid 156 MWh/an Payback period 12.1 years
Investment and charges Financial parameters | Electricity sale = Self-consumption saving Finandial results ~ Carbon balance
- Pricing typs her general
; ) ) . L7
@ Fixed tariff; Variable tariff Annual connection tax 100.000| USD/year
tariff Annual tariff variation 0.50| Sofyear
Duration of tariff warranty 20| years
Import 7] Feed-in tariff decrease after warranty 50.0] %
Feed-in tariff
Fixed feed-in tariff 0.02000) UsD/kwh
This analysis should appear on printed report
| Q System overview ‘ *® cancel oK

12.3.1 Fixed feed-in tariff

This practice, common in several European countries, is based on the purchase by the grid
operator of all the energy produced. The feed-in tariff is defined by a long-term contract (typically
20 years), established at the system commissioning and fixed for the entire contract duration.

In PVsyst, the simplest option allows you to define a single fixed feed-in tariff over a specified
contractual period. It is also possible to include:

e anannual grid connection fee,
e aprogressive tariff variation each year,
¢ amodified selling price after the end of the contractual period.

Since this period often corresponds to the loan repayment duration, the annual balance after
this period (even with a reduced tariff) will increase significantly until the end of the system
lifetime.

12.3.2 Time-of-use / seasonal tariffs — peak and off-peak hours

In some countries, the tariff depends on the time of day or the season. PVsyst allows you to define
peak and off-peak tariff levels for specific time periods. These tariffs can differ between summer
and winter (with specified months).

Once the preferential contract period ends, all final tariffs are reduced using the same
coefficient.
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12.3.3 Hourly/daily tariff defined via a CSV file

For more complex tariff strategies, where the selling price varies throughout the year without a
simple pattern, you can define an hourly tariff for the entire year using a CSV file. PVsyst provides
a dedicated section to guide you in preparing this file.

12.4 Self-consumption saving

® Economic evaluation = m] X
~System v Financial summary
Project: DEMO commercial system Oakland CA Installation costs 770029.91 USD
PV Array, Pnom = 507 kip Grid-Connected System Total yearly cost 91 796.67 USD/year 2 fine the consumption tariff for self-consumpt
Autoconsommation 570 MWhjan LCOE 0.1472 UsDkwh = Hewr
Sold eneray to grid 156 MWh/an Payback period 18.3 years
Investment and charges  Financial parameters  Electricity sale = Self-consumption saving | Finandial results  Carbon balance
—Pricing typs ~Hours definition for peak / off-peak tariff
Fixed triff ferif 120 Peak tarff @
Hourly peak/off-peak tariff 9H 15H
Seasonal tariff
Tariff from CSV file Import
" 9 6H 18H
s ion tariff I offpeak tariff
Consumption tariff {peak) 0.20000| UsDfavh i 20:00 - 07:00
- Consumption tariff (off-peak) 0.00000) USD/KWh 3H
Annual tariff variation 2.00| “efyear OH
- Daylight saving tii
Use DST time changes
Winter time start Navembre 5
Summer time start Mars
This analysis should appear on printed report
| Q System overview ‘ | # cancel ‘ ‘ oK |

Self-consumption allows the user to directly consume their own production, thereby reducing
their electricity bill. It requires defining:

¢ aninternal consumption tariff (what would have been paid to the grid),
e aselling tariff for the surplus energy injected into the grid.

This calculation requires that the consumer’s load profile be defined and computed on an
hourly basis, with data stored over the entire period. These tariffs may also vary depending on the
time of day, and an annual tariff evolution can be included (e.g., an increase in the internal
consumption tariff).

12.4.1 Summer time / Winter time (Daylight Saving Time — DST)

This information is only required for feed-in tariff strategies. All PVsyst simulations are based
on the site’s standard time (winter time).

For countries using daylight saving time, the user must provide the summer/winter transition
dates so that the system can determine whether a simulated hour falls within peak or off-peak
periods.

12.5 Financial results

12.5.1 Overview

This section summarizes the profitability of the system. The main indicators presented are:
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¢ Net Present Value (NPV),
e Payback period,

¢ Internal Rate of Return (IRR) (often referred to as ROl in PVsyst).

It also provides a breakdown of annual balances between costs (defined in “Installation and
operating costs”) and revenues (determined according to the selected tariff strategy).

~System y F ial ¥
Project: DEMO commercial system Oakland CA Installation costs 770029.91 USD
PV Array, Priom = 507 kitlp Grid-Connected System Total yearly cost 91 796.67 USD/year e T Y e
Autoconsommation 571 Mwh/an LCOE 0.1469 USD/kwh
Sold energy to grid 157 Mithjan Payback period 18.2 years
Investment and charges Financial parameters Electricity sale  Self-consumption saving | Financial results = Carbon balance
Installation costs (CAPEX) Detailed i lts- o
Total installation cost 77002991 USD
Detaled resuts | Yearly cashflon | Cumiatve casnfiow || Income alocation |
Depreciable asset 684 376.59 USD ﬂ = [ = ] o
. Detailed sconomic results (USD) =
r g
Own funds 200 000.00 USD Yesr |Electricity | own Loan Loan Run. | Deprec. | Taxsble | Taxes
sale tunds | principal | Interest | costs sliow. | Incoms
Subsidies 42000.00 USD 7 > 200000 2 2 2 2 2 7
Loans 528 029.91 USD 1 21045 0 21565 | 14401 | 42875 | mzie ] ]
2 2048 0 7% | d3er0 | so7T2s | mazee ] ]
Total 770029.91 USD 3 3051 0 22032 | 1353 | 51488 | 34209 0 o
4 3084 0 22273 | 43084 | s2zse | 34zim 0 o
5 3057 0 2258 | d2ese | s3pd2 | 34zem 0 o
Operating costs{OPEX) 57 780.46 LSO /year & 3080 0 22769 | 42188 | 53837 | 34218 0 ]
i 7 3083 0 23024 | 47z | saeas | 4z 0 o
Loan annuities 35 966.59 USD/year 8 3088 o 23 285 41282 55 485 34218 o o
Total 91796.67 USD/year 9 3070 0 23550 | 10816 | seze7 | w210 0 ]
0 3073 0 ez | 1045 | ST | w2 0 ]
LCOE 0.1469 USD/kWh 1 1078 0 24038 | sess | s7ess | 3a2me 0 ]
2 3079 0 152410 | 9387 | ssess | w219 0 ]
Return on investment: 1 3082 0 24687 | 2498 | sa7s1 | 3a2me 0 [
Net present value (NPY) B7 447.24 USD “ 308 o 24 961 2004 ©0B47 | 34219 ° 0
15 2088 0 25260 1505 | e1s87 | 3421 ] ]
Internal rate of return (IRR) 3.71% % 3081 o 10000 4000 a2 484 34293 o o
Payback period 18.2years 17 3085 0 10 000 800 63418 | 34219 0 ]
18 3088 0 10 000 00 c4383 | 34219 0 ]
Return on investment (ROI) 12.0 % 18 3101 0 10600 400 85335 | 4213 0 o
20 3104 0 10 000 200 e8315 | 4219 0 o
This analysis should appear on printed report
Q System overview

12.5.2 Detailed results and calculation methods

e Depreciation:
Transfer of part of the installation cost from the balance sheet to the income statement
each year over the system lifetime.

The depreciable portion of the installation is defined in the Installation and operating
costs section.

The depreciation calculation depends on the selected method (straight-line or declining
balance), defined in the Financial parameters section.

o Taxableincome:
Annual amount on which the tax rate is applied.
There are many tax systems worldwide, often complex.
In most cases, loan interest and equipment depreciation are tax-deductible.
The tax calculation in PVsyst is based on this principle.
Taxable income = Energy sales revenue — Operating costs — Loan interest — Depreciation
¢ Netresult after tax:

This is the net income after deducting expenses and taxes. It is used as the basis for
calculating potential dividends.

Net result = Energy sales revenue — Operating costs — Loan annuity — (Taxable income x Tax rate)
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¢ Self-consumption savings

These represent the value saved on the electricity bill by directly consuming part of the
PV production.

Self-consumption savings; = Self-consumed energy; *x Consumption tariff

e Payback period:

The number of years required to recover the net investment cost defined in the
Installation and operating costs section.

If the system is not profitable (expenses exceed revenues), the payback period is not
defined.

The amount recovered each year is calculated as:
Recovered amount; = Net balance; + Self-consumption savings; + Capital repayment;

o Net annual balance: corresponds to the profit after tax, minus any dividends
paid.

o Loan repayment share: corresponds to the repayment of the borrowed capital
(annuity excluding interest).

Net Present Value (NPV): Difference between the present value of incoming cash flows and
the present value of outgoing cash flows over a given period.

n
NPV = Re
B (1+0)t
t=1

¢ R,=Netbalance (revenues — expenses) in yeart

where:

e (=Discountrate (return from an alternative investment)

e n=System lifetime

Internal Rate of Return (IRR): The value of the discount rate that makes the Net Present
Value equal to zero (NPV = 0) for all cash flows.

Return on Investment (ROI): Ratio of net profit to the initial investment, measuring system
profitability.
A negative ROl indicates that the system is not profitable.

Net profit at end of lifetime

ROI = —
Initial investment

12.5.3 Calculations performed by PVsyst

PVsyst generates:
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e the annual balance as well as the cumulative balance over the expected system
lifetime, based on simulated production and all selected economic strategies,

e adetailed annual summary table.

Warning: small variations in actual production or simulated costs can significantly impact the
final profitability indicators. This is especially true in cases of real solar variability or system
failures during the system lifetime.

12.6 Carbon balance

12.6.1 Introduction

The Carbon Balance tool allows estimating the expected CO, savings of a photovoltaic
installation. It is based on life cycle emissions (LCE), i.e., the amount of CO, associated with a
component or a quantity of energy, including manufacturing, operation, maintenance, end-of-
life, etc.

The principle is that the electricity produced by the PV system replaces an equivalent amount of
electricity from the grid. If the carbon footprint of PV (per kWh) is lower than that of grid electricity,
there is a net reduction in CO, emissions.

Thetotal carbon balance is therefore the difference between the avoided CO, emissions (thanks
to PV production) and the emissions related to the production and operation of the PV system.

This balance depends on four key parameters:

e E_Grid: annual system production (energy vyield simulated by PVsyst).
> An annual degradation can also be defined (default: 1%), representing the decrease in
production due to module aging.

e System lifetime: number of years of expected operation.
> Together with E_Grid, it determines the total energy replaced by PV over its lifetime.

e Grid LCE: average CO, emissions of the grid (in gCO,/kWh).

o PV System LCE: total emissions (in tons of CO,) related to manufacturing, installation,
and operation of the PV system.

Estimating these emissions often requires uncertain data, depending on technologies,
manufacturing processes, etc. PVsyst provides predefined values for Grid LCE, based on
publicly available data, but the user must supply the PV System LCE (from manufacturers or
databases such as ECOINVENT or Carbon Trust). Default values may be provided in the future.
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12.6.2 Overview tab

® Economic evaluation

— O X
~System v Financial summary
Project: DEMO commerdial system Oakland CA Installation costs 770029.91 USD
PV Array, Pnom = 507 kiWp Grid-Connected System Total yearly cost 91 796.67 USD/year
Autoconsommation 570 MWhj/an LCOE 0.1472 USDjkWh
Sold energy to grid 156 Mwh/an Payback period 1B.3 years
Investment and charges  Financial parameters Electricity sale  Self-consumption saving  Finandal results | Carbon balance
Overview | Detailed system LCE This analysis should appear on printed report
EGrid X Project lifetime LCE Grid LCE System = Carbon balance @
755.8 Mwh 30 years 528 gCOzkWh 910.8 tCOz 9477.281 tCO:z
Annual degradation [%] Energy mix ® Detaied 315,909 tCOzfyr
1.0 ® Country IEA
Manual Manual 18697 tCO:kiip
0,623 tCOzkWp/yr
United States
10000 T T
8000 |- 4
8000 |- -
4000 -
2000 |- 4
. Saved CO2 emissions:
_2000 L L 1 1 L
0 5 o g5 2 25 30 9477.281 tons
| Q) ststem overvew \ \ K concel \ \ o
This tab provides a summary view of the carbon balance parameters and results:
User-defined parameters:
e Grid LCE
e System lifetime
e Annual degradation
e PV System LCE
Calculated parameters (from PVsyst simulation):
e System production (E_Grid)
e Carbon balance results, including:
o Total CO, savings (tCO,) over the entire lifetime,
o Average annual CO, savings (tCO,/year),
o €O, savings per installed capacity (tCO,/kWp),
o Annual CO, savings per installed capacity (tCO,/kWp/year).

Annual values are weighted averages over the system lifetime, taking
degradation into account.

12.6.3 Grid LCE customization

Three modes are available:

1. Manual: you enter a value and can add a note explaining its source (displayed in the

report).
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2. Country (IEA): predefined value according to the International Energy Agency, based on
average CO, emissions per country/region (2010 data).

3. Energy mix (Grid Energy Mix): provides access to a dedicated tab where you can detail
the electricity mix sources and their specific emissions.

12.6.4 PV System LCE customization
Three options are available:
1. Manual: you directly enter a value and can specify the source in a comment.

2. Default value: an estimate based on international scope (IPCC), with an average value
of 46 gCO,/kWh (based on 26 analyzed publications).

3. Detailed: opens a “Detailed System LCE” tab where you can enter data by component
(modules, structures, inverters, etc.) to calculate the impact more precisely.

12.6.5 Grid Energy Mix

The grid energy mix represents the distribution of different electricity generation sources within
a given grid.

¢ Inthe left column of the tab, eleven different types of electricity production are listed.

e The second column shows the CO, emissions per kWh associated with each source.
> By default, these values come from an IPCC publication and correspond to the 50th
percentile of a meta-study based on 296 publications.
= You can also enter custom values using the dropdown menu at the top of the column.
In this case, itisimportant to rely on areliable source reflecting the grid you are studying.

e The third column specifies the share of each production type in the grid.
> Default values are available for several European countries, based on a study by the
Paul Scherrer Institute (PSI) in Switzerland.
> If your country is not listed, or if you have more accurate data, you can select the
“Custom” option and enter your own values.

The resulting Grid LCE value is automatically calculated as you make your selections and is
displayed on the right side of the tab.

12.7 Detailed System LCE

In this tab, you can define a detailed breakdown of CO, emissions associated with the different
components of a photovoltaic system.
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® Economic evaluation = O X

System y Financial summary
Praject: DEMO commerdial system Oakland CA Installation costs 770029.91 USD
PV Array, Pnom = 507 kp Grid-Connected System Total yearly cost 91 796.67 USD/year
Autoconsommation 570 MWhj/an LCOE 0.1472 USDkwWh
Sold energy to grid 156 Muh/an Payback period 1B.3 years
Investment and charges = Financial parameters  Electricity sale  Self-consumption saving ~ Finandial results | Carbon balance
Overview | Detailed system LCE This analysis should appear on printed report
Ttem Quantity Unit Grey energy LCE Total
PV modul o
Modules 507 lwic | 2168.0| [ kwhnc 1713 kgCOzkwc 868144  kgCO:
Transport 1 ] km 35 aCOz/tkm o CO2
29 t
Transport 2 0 km
—Balance of System (BoS,
Supports/Trackers 11520 kg v 6.57| @ kwhjkg 3.52  kgCOzkg 40571 kgCO:z
Concrete 0 m3 177 kgCOz/m? 0 kgCOz
Inverters 3 unités 650,80 | @ kWhjunités 349 kgCOzfunités 2093 kgCOz
Wiiring 0 kg 18.70] % kW kg 7.44  kgCOzka
Additional
Maintenance 0 an 0 [t}
Dismantiing 0 modules
Other 0| kgcoz 0 kglO:
Grey energy conversion factor:
Item Country of origin Use country Factor P
Sum 91081 O Saved CO2z emissions:
PV cells China | 790 gCOozkwh
Supports United States ~ 528 aC0=kh
Inverters United States - o8 ACOmh 9477.281 tons
Wiring Chile: 398 gCOzkWh
| O\ System overview ‘ x Cancel ‘ ‘ OK ‘

Potential sources of CO, emissions are grouped into three main categories, each further divided
into several sub-components.

e Ifreliable data on life cycle emissions (LCE) for a component are available (provided by
a manufacturer or a specialized database), they should be used as a priority.

e If such data are not available, some components allow estimation of LCE based on
embodied energy (the amount of energy required to manufacture the component). In
this case, a conversion factor is needed to translate this embodied energy into an
equivalent LCE value.

LCE values are expressed in kgCO, per unit, with the unit depending on the category and the
user’s choice. For each category, the corresponding quantity must also be specified.

Whenever possible, PVsyst automatically inserts values derived from the simulated variant.

For each category, the contribution to total emissions is calculated and displayed in the last
column. The total (in tons of CO,) appears at the bottom of the column and is automatically
updated. This value is immediately reflected in the Overview tab.

12.7.1 Categories and sub-components

PV modules

¢ Module manufacturing: this is generally the main source of emissions in a PV system.

LCE and embodied energy values can vary significantly.
PVsyst provides default values based on publications for monocrystalline silicon
modules.

By default, the estimate is based on embodied energy, using a conversion factor
corresponding to electricity emissions in China (IEA data).

o Transport1/2:two separate contributions to distinguish different transport modes (e.g.,
maritime freight + road transport).
The transported load is calculated based on the total module weight defined in the
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project.
Distances must be provided by the user.

Default values proposed:
o 35gCO0,/t/km > long-distance maritime transport

o 60gCO0,/t/km ~ road transport by truck

System components (BoS - Balance of System)

Includes all other components required for the installation, without a dedicated transport
category (less significant than for modules).

Mounting structures / Trackers: PVsyst estimates the amount of steel based on the
number of modules or trackers. Default values are based on 1 kg of steel.
By default, the estimation is based on embodied energy, with a conversion factor
corresponding to electricity emissions in the country of installation.

Concrete: often a significant source of emissions. Default values are provided for
massive foundations or trenches.

Inverters: values vary depending on technology and manufacturer.
By default, PVsyst estimates LCE based on embodied energy (default value: 2.5 kW
inverters).

Conversion factor = emissions from electricity in the country (IEA data).

Cabling: default values are based on copper.
LCE estimation is based on embodied energy.

Conversion factor = emissions from electricity in Chile, the world’s leading copper
producer.

Additional

7

Maintenance: includes inspections, repairs, panel cleaning, vegetation management,
etc. Highly project-specific > no default value. Contribution is usually low.

Decommissioning: includes all end-of-life operations (dismantling, recycling, disposal,
site restoration, etc.). Highly specific » no default value.

Other: allows adding a contribution that does not fall into the above categories. Thisis a
fixed value directly added to the total.
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